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INTRODUCTION 

The  portion  of  Oregon  and  Washington  west  of  the  Cascade  Range 
is  one  of  the  most  important  forest  regions  of  the  country.  Its 
forests  now  contain  about  one-fourth  of  the  entire  standing-timber 
supply  of  the  United  States;  its  lumber  mills  are  now  producing 
yearly  about  one-fourth  of  all  the  lumber  cut  in  the  United  States. 
This  forest  region  is  of  immense  economic  importance  to  the  Nation, 
not  only  because  of  its  present  great  supply  of  virgin  timber  and  its 
large  annual  contribution  of  useful  lumber  products  but  also  because 
of  its  great  possibilities  for  the  continuous  production  of  superior 
forest  crops  in  large  quantities  from  lands  eminently  suited  to  that 
purpose  alone. 

Western  Oregon  and  Washington  is  spoken  of  as  the  Douglas  fir 
region  on  account  of  the  preponderance  of  this  species,  which  makes 
up  66  percent  (340,000,000,000  bd.  ft.)  of  the  total  stand  of  all  species 
estimated  at  515,000,000,000  bd.  ft.  Here  Douglas  fir  {PseudoUuga 
taxifolia)  reaches  its  best  development,  both  in  size  and  quality  of 

1  Material  supplied  by  Donald  Bruce  for  this  revision  (see  p.  64)  was  derived  from  the  basic  data  used  in 
the  compilation  of  this  bulletin. 
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the  individual  trees,  and  in  density  and  rapid  growth  of  its  stands. 
The  original  forest  of  this  region  covered  about  28,000,000  acres,  but 
logging,  fires,  and  land  clearing  have  reduced  this  area  to  something 
less  than  24,000,000  acres  (9).^ 

A  vast  acreage  of  primeval  forest  thus  remains,  embracing  many 
large  tracts  of  splendid  old-^owth  timber,  with  trees  5  feet  and 
larger  in  diameter  and  cruismg  over  100,000  board  feet  per  acre. 
However,  not  every  acre  is  covered  with  a  dense  stand  of  old-growth 
trees.  Many  stands  have  been  thinned  by  fire,  and  in  some  places 
the  old  growth  has  been  completely  exterminated  by  fire  or  logging. 
Still  other  stands  are  decrepit  with  age.  As  for  the  logged-over 
and  burned-over  areas,  many  have  satisfactorily  restocked  with 
young  trees,  but  others  are  only  sparsely  stocked  or  are  entirely  barren 
of  second  growth.  Ownership  of  forest  acreage  in  the  Douglas 
fir  region  is  rather  evenly  divided  between  the  public  and  private 
owners,  but  the  volume  of  timber  in  private  ownership  is  considerably 
larger. 

In  this  region  an  immense  logging  and  lumbering  industry  has 
come  into  being  within  the  past  few  decades.  Washington  now  ranks 
first  among  the  States  in  volume  of  lumber  production,  and  Oregon 
has  second  place.  Each  year  approximately  75,000  acres  in  western 
Oregon  and  145,000  in  western  Washington  are  logged  over.  The 
679  sawmills  and  144  shingle  mills  in  the  western  part  of  these  two 
States  in  1927  cut  9,881,414,000  board  feet  of  lumber,  and  of  this,  80 
per  cent  was  Douglas  fir.  Inasmuch  as  the  stand  of  virgin  timber 
IS  by  no  means  unlimited,  the  permanence  of  this  lumber  industry, 
which  now  contributes  65  per  cent  of  the  entire  industrial  pay  roll 
of  Oregon  and  Washington,  hinges  to  a  considerable  degree  upon 
the  continued  production  of  forest  crops  from  lands  chiefly  suitable 
for  this  purpose. 

In  western  Oregon  and  Washington,  both  inside  and  outside  the 
national  forests,  at  least  15,000,000  acres  of  land  is  estimated  to  be 
chiefly  suitable  for  the  continuous  growing  of  crops  of  Douglas  fir 
and  its  associates.  As  the  supply  of  mature  timber  becomes  less 
the  forests  which  to-day  are  immature  and  the  lands  which  are  vet 
to  be  reforested  will  furnish  an  increasingly  large  part  of  the  timber 
supply.  Ultimately  the  lumber  production  of  the  entire  region  must 
come  from  such  young  or  second-growth  stands. 

Since  the  continued  existence  and  prosperity  of  the  lumber  indus- 
try in  the  Pacific  Northwest  is  so  dependent  upon  the  growth  that 
taies  place  in  these  still  immature  stands  of  Douglas  fir  and  upon 
areas  yet  to  be  logged  and  reforested,  it  is  important  to  have  definite 
information  concerning  the  potential  yields  on  these  forest  lands. 
The  owner  of  timberland  who  contemplates  raising  crops  of  timber 
on  his  land  in  such  succession  or  alternation  as  to  produce  a  sustained 
annual  yield  of  a  fixed  volume,  the  investor  in  growing  timber,  and 
the  manufacturer  looking  for  a  future  supply  of  raw  material,  all 
are  interested  in  knowing  the  growth  and  yield  possibilities  of 
Douglas  fir  stands.  They  should  know  how  many  years  it  will  be 
before  trees  now  too  small  to  cut  will  be  of  merchantable  size,  how 
many  trees  of  each  size  class  there  will  be  of  various  ages  during  the 

"  Italic  numbers  in  parentlieses  refer  to  Literature  Cited,  p.  74. 
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life  of  the  forest,  and  how  large  a  harvest  may  be  expected  at  any- 
given  age. 

Anticipating  this  need,  the  Forest  Service  has  prepared  the  yield 
figures  here  presented.  They  will  help  anyone  who  is  interested  in  a 
future  timber  crop  in  this  region  to  determine  the  profitableness  of 
timber  growing  on  various  classes  of  land,  to  decide  upon  the  best 
age  at  which  to  cut  the  timber,  to  predict  the  probable  future  size  of 
the  trees,  and  to  estimate  the  prospective  value  of  the  crop. 

Opportunity  to  study  the  yield  of  young  Douglas  fir  forests  was 
abundantly  anorded  by  the  many  areas  where  such  forests  of  various 
ages  and  on  various  types  of  land  have  originated  naturally  after 
logging  or  following  severe  fires  that  killed  the  ibrmer  stands.  Many 
of  these  young  forests  are  so  uniform  and  well  stocked  that  they  are 
a  fair  index  of  what  may  be  expected  hereafter  under  intensive  forest 
management.  Some  are  very  extensive,  even  aged,  uniformly  stocked 
with  trees,  and  unbroken  over  thousands  of  acres;  others  are  but 
small  patches  surrounded  by  timber  of  another  age,  or,  rarely,  are  a 
composite  of  several  age  classes. 

Estimates  place  the  total  area  of  Douglas  fir  forests  originating 
on  old  burns  and  now  20  to  120  years  old  at  2,500,000  acres  in 
Oregon  and  2,000,000  acres  in  Washington ;  in  addition  there  are  at 
present  in  the  two  States  about  500,000  acres  of  Douglas  fir  second 
growth  on  cut-over  lands.  Over  half  of  this  5,000,000  acres  is  pri- 
vately owned.  A  survey  made  in  1922  by  the  Forest  Service  on 
5,910,529  acres  of  national  forests  within  the  Douglas  fir  zone  showed 
2,009,580  acres  of  Douglas  fir  under  120  years  old.  From  this  survey 
it  appears  that  about  34  per  cent  of  the  stands  on  the  national  forests 
in  the  Douglas  fir  zone  are  less  than  120  years  old  (pi.  1) ;  these  areas 
are  rather  evenly  distributed  between  the  various  age  classes  except 
that  the  1  to  20  year  class  is  relatively  larger.  This  proportion  of 
young  growth  to  old  growth  probably  is  not  as  large  on  privately 
owned  lands  outside  the  national  forests. 

The  yield  tables  here  given  were  constructed  from  measurements 
of  trees  on  sample  areas  laid  out  in  a  great  many  representative 
young  forests,  and  supplemented  by  the  periodic  remeasurement  of  a 
number  of  permanent  plots  which  have  been  under  observation  for  as 
long  as  15  years.  Figure  1  shows  the  location  of  the  261  individual 
forests  or  tracts  covered  by  the  study.  All  told,  during  the  course 
of  the  survey  measurements  were  obtained  on  2,052  sample  plots. 
Some  were  in  stands  onlv  20  years  old,  some  in  stands  160  years  old, 
and  others  in  forests  oi  nearly  every  age  between  these  extremes. 
The  principal  combinations  of  soil  and  climatic  factors  in  this  re- 
gion were  considered,  ranging  from  localities  with  very  little  rain- 
fall to  those  where  over  100  inches  of  rain  falls  every  year;  gravel 
soils,  clay  soils,  loam  soils ;  and  altitudes  from  a  few  feet  to  over  3,000 
feet.  In  this  way  a  series  of  composite  pictures  was  built  up,  one 
illustrating  the  conditions  existing  at  various  ages  in  forests  grow- 
ing under  highly  favorable  circumstances,  another  showing  the  con- 
ditions under  the  least  favorable  circumstances,  and  still  others  il- 
lustrating intermediate  conditions.  The  measurements  so  obtained 
from  representative  forest  areas,  reduced  to  tabular  form,  show  what 
probably  will  be  yielded  or  produced  by  a  forest  at  different  stages 
in  its  life.     The  study  of  Douglas  fir  growth  was  begun  in  1909  oy 
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Thornton  T.  Hunger  (8),  was  continued  in  1911  by  E.  J.  Hanzlik 
(4),  and  has  been  materially  augmented  by  a  large  amount  of  field 
work  by  the  author  in  1924-26. 

THE  DOUGLAS  FIR  REGION  AND  ITS  FORESTS 

Douglas  fir  grows  naturally  in  most  of  the  temperate  portions  of 
western  North  America.*  It  natural  range  is,  roughly,  from  nor- 
thern British  Columbia  southward  in  the  Kocky  Mountains  through 
Idaho,  Montana,  Wyoming,  Utah,  Colorado,  New  Mexico,  and  Ari- 
zona to  Mexico ;  and  in  the  coastal  States  through  Washington,  Ore- 
gon, and  as  far  south  as  central  California.  This  bulletin  is  con- 
cerned only  with  the  region  west  of  the  Cascade  Range  in  Wash- 
ington and  Oregon,  where  Douglas  fir  is  the  dominant  K)rest  species 
and  reaches  its  maximum  development,  a  long  narrow  strip  extend- 
ing from  the  upper  slopes  of  the  Cascade  Range  to  the  Pacific  Ocean 
and  from  southwestern  British  Columbia  almost  to  the  Oregon-Cali- 
fornia boundary,  an  area  approximately  100  miles  wide  and  450  miles 
long. 

Typical  of  the  region  are  rugged  mountains  and  broad  fertile 
valleys.  The  soils  include  sterile  gravels,  sands,  heavy  clays,  loose 
friable  loams,  volcanic  ash,  and  almost  every  possible  combination 
of  these  individual  classes.  As  a  rule,  the  mountain  soils  are  mostly 
clays  and  loams,  and  the  soils  of  the  valleys  are  largely  loams  and 
gravels;  but  no  hard  and  fast  line  of  distinction  can  be  made,  for 
the  several  soil  classes  are  to  a  great  extent  intermingled  in  many 
areas.  Even  .within  a  township  it  is  often  possible  to  find  several 
distinct  classes  of  soils. 

The  climate  of  the  Douglas  fir  region  is  exceptionally  favorable 
for  conifer  growth.  Except  at  high  elevations  in  the  mountains, 
the  winters  are  short  and  rarely  severe.  The  growing  season  thus 
is  long  and  usually  free  from  extremes  of  heat  or  cold.  The  average 
temperature  during  the  season  for  tree  growth  is  about  56°  F.  The 
amount  of  annual  precipitation  varies  from  an  exceptional  minimum 
of  about  20  inches  on  the  leeward  east  slopes  of  the  Olympic  Moun- 
tains to  over  100  inches  along  the  coast  and  on  the  upper  west  slopes. 
Most  of  the  region  has  an  annual  precipitation  of  40  to  60  inches. 
Below  1,500  feet  nearly  all  the  precipitation  is  in  the  form  of  rain, 
but  from  June  to  September  there  is  little  rain  anywhere  in  the 
region. 

Although  Douglas  fir  predominates  in  the  region  and  grows  under 
almost  every  variety  of  conditions  up  to  the  limit  of  its  distribution, 
the  forests  of  western  Oregon  and  Washington  are  by  no  means  re- 
stricted to  this  species.  According  to  the  species  predominating,  the 
Douglas  fir  region  may  be  divided  into  three  subregions  called  the 
fog-belt  type,  the  upper-slope  type,  and  the  Douglas  fir  type  proper. 

The  fog-belt  type  occurs  as  a  narrow  strip  along  the  seacoast, 
where  the  rainfall  is  exceedingly  heavy  and  moisture-dripping  fogs 

« Two  species  of  Pseudotsuj^a  are  native  to  North  America  :  Douglas  flr,  P.  taxifolia, 
and  blffcone  spruce,  P.  macrocarpa.  Some  botanists  subdivide  P.  tarifoHa  according  to 
the  color  of  the  foliage  or  form  of  tree  characteristic  of  different  regions.  Thus,  the 
green  Douglas  flr  of  the  Pacific  coast  Is  called  P.  tarifoUa,  the  blue  Douglas  flr  of  Colo- 
rado is  called  P.  glauoa,  and  another  form  intermediate  between  the  green  and  blue 
fornts  is  sometimes  referred  to  as  P.  taxifolia  var.  caesia.  There  are  also  a  number  of 
varieties  of  Douglas  flr  recognized  by  arboriculturists.  In  Europe,  P,  taxifolia  is  usually 
called  P.  Douglaaii. 
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roll  in  from  the  ocean  even  during  the  summer  months.  Here  the 
very  moist  soil  and  cool  atmosphere  conditions  favor  the  growth  of 
western  hemlock  {Tsuga  heterophylla)  and  Sitka  spruce  (Picea 
sitchensis),  often  to  the  exclusion  of  Douglas  fir.  In  the  southern 
part  of  the  fog-belt  type,  the  valuable  Port  Or  ford  cedar  (Chamaecy- 
paHs  Imv'somana)  also  takes  a  prominent  place  in  these  forests. 
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Figure  1. — Area  in  Oregon  and  Washington  included  in  the  Douglas  flr  yield  study. 
Each  solid  dot  represents  a  Douglas  fir  forest  in  which  several  (usually  about  10) 
temporary  sample  plots  were  laid  out  and  measured.  The  encircled  crosses  rep- 
resent periodic  remeasurements  of  one  or  a  group  of  permanent  sample  plots 

The  upper-slope  type  of  forest  occurs  at  moderate  to  high  alti- 
tudes in  the  Cascade  Mountains,  where  Douglas  fir  gradually  yields 
its  place  to  western  red  cedar  (Thuja  plicata)^  western  hemlock, 
western  white  pine  (Pinus  monticola),  noble  fir  {Abies  nohilis), 
silver  fir  {A.  amabUis)^  alpine  fir  {A.  lasiocarpa)^  mountain  hem- 
lock {Tsuga  mertensiana) ^  and  Alaska  cedar  {C harrmecyparis  noot- 
katensis). 
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The  Douglas  fir  type  proper  occurs  in  the  valleys  of  the  Puget 
Sound-Willamette  River  Basins,  on  the  mountains  of  the  Coast 
Ranges,  and  on  the-  foothills  and  lower  slopes  of  the  Cascade  Range. 
These  forests  consist  almost  entirely  of  Douglas  fir  intermingled 
with  small  quantities  of  western  hemlock,  western  red  cedar,  lowland 
white  fir  {A.  grctndis),  and  occasionally  silver  fir,  noble  fir,  and 
western  white  pine.  The  few  broad-leaved  trees  of  most  common 
occurrence  here  and  in  the  fog-belt  type  are  bigleaf  maple  {Acer 
Tnacrophyllum) ^  red  alder  {Alnus  rubra),  black  cottonwood  (Popvlus 
trichocarpa) ,  and  Oregon  white  oak  (Quercics  garryana) . 

GROWTH  CHARACTERISTICS  OF  THE  FOREST 

Young  forests,  whether  on  old  burns  or  on  logged  areas,  consist 
to  a  high  degree  of  Douglas  fir,  most  stands  being  over  80  per  cent, 
and  many  100  per  cent,  of  this  species.  This  is  due  to  the  aoilitv  of 
Douglas  fir  to  establish  itself  by  natural  means  more  successfully 
than  any  of  its  associates  in  open  areas  following  fire  or  logging. 
(PL  2.)  These  young  forests  as  a  rule  are  even  aged,  the  larger 
trees  in  any  one  forest  seldom  varying  by  more  than  a  few  years. 

Although  a  new  forest  starts  with  many  thousands  of  small 
trees  to  the  acre,  only  a  small  proportion  of  these  survive  until 
the  stand  reaches  maturity.  (Pis.  3  and  4.)  At  10  years  of  age 
on  reasonably  good  land  there  are  about  900  trees^o  the  acre,  some 
of  them  10  or  12  feet  tall  and  clothed  to  the  ground  with  living 
limbs.  At  30  years  of  age  at  least  one-half  of  these  trees  are  dead, 
several  of  the  survivors  are  more  than  12  inches  in  diameter  and 
90  feet  tall,  and  on  all  the  surviving  trees  the  lower  branches,  though 
they  still  hang  on,  dry  and  brittle,  have  been  killed  by  the  intense 
shade.  WTien  the  forest  is  100  years  old  there  are  only  about  80 
Irving  trees  to  the  acre,  but  most  of  them  are  now  2  or  3  feet  in 
diameter.  The  larger  trees  are  nearly  200  feet  tall  and  have  nearly 
attained  their  full  height  growth;  dead  branches  have  dropped  off 
the  trunks  for  at  least  half  the  total  length ;  the  bark  has  thickened 
greatly,  become  deeply  furrowed,  and  turned  a  dark  gray-brown. 
The  ground  is  strewn  with  trees  which  have  died,  and  the  holes 
so  made  in  the  forest  canopy  admit  enough  light  to  permit  the  estab- 
lishment of  shrubby  plants  and  occasional  small  hemlocks,  cedars, 
and  white  firs. 

Most  of  the  present  young  stands  of  Douglas  fir,  such  as  were 
studied  for  the  purposes  of  this  bulletin,  originated  naturally  fol- 
lowing fires  which  destroyed  the  previous  forests.  Other  young 
forests  have  come  in  on  logged-over  areas.  The  extensive  stands 
of  Douglas  fir  now  60  to  80  years  old  in  the  Willamette  Valley  and 
on  the  foothills  in  Oregon  are  commonly  assumed  to  have  originated 
about  the  time  that  intensive  settlement  of  the  valley  brought  to  an 
end  the  setting  of  brush  fires  by  Indians  to  maintain  pasture  for 
their  horses. 

Overmature  forests  have  a  large  proportion  of  other  species, 
mostly  western  hemlock  and  western  red  cedar.  This  is  due  to  the 
fact  that  Douglas  fir  does  not  endure  heavy  shade,  and  for  this 
reason  there  is  no  understory  forest  of  young  Douglas  fir  to  take 
the  place  of  the  old  trees  as  they  die  from  (3d  age  or  lose  out  to 
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their  neijjhbors  in  the  competition  for  sunlight.  Western  red  cedar, 
western  hemlock,  white  fir,  and  other  species  which  can  grow  in 
the  shade  of  the  mature  forest  fill  in  the  places  left  vacant  by  the 
dying  Douglas  firs. 

GROWTH  CHARACTERISTICS  OF  THE  TREE 

In  the  Pacific  Northwest,  Douglas  fir  is  a  tall,  massive  tree  with 
slowly  tapering  trunk,  attaining  great  size  and  age.  Excepting  only 
the  sequoias  of  California,  Douglas  fir  is  the  largest  tree  of  the 
North  American  forests.  Trees  5  or  6  feet  in  diameter  and  250 
feet  tall  are  common  in  mature  forests.  In  general,  however,  trees 
more  than  8  or  9  feet  in  diameter  and  275  feet  in  height  and  more 
than  500  years  old  are  rare.* 

The  inability  of  Douglas  fir  to  live  in  its  own  dense  shade  insures, 
in  well-stocked  stands,  the  early  death  and  gradual  shedding  of  the 
lower  branches  and  the  production  of  clear  lumber  thereafter.  Sen- 
sitiveness to  shade  varies  with  age,  young  trees  being  more  shade 
resistant  than  old  trees.  Likewise,  trees  having  favorable  growth 
conditions  are  more  tolerant  of  shade  than  those  on  the  poorer  sites. 
Early  in  life  Douglas  fir  is  able  to  withstand  some  side  shading,  but 
after  about  the  twenty-fifth  year  the  tree  is  unable  to  make  satisfac- 
tory growth  or  to  live  in  either  side  or  overhead  shade. 

Young  Douglas  firs  are  fairly  safe  at  present  from  indigenous 
fungous  diseases.  Studies  by  J.  S.  Boyce  indicate  that  in  stands  less 
than  100  years  old  the  loss  through  decay  ordinarily  amounts  to  less 
than  2.5  per  cent  of  the  total  merchantable  volume  of  the  stand. 
Damage  by  tree-killing  insects  is  restricted  to  a  very  few  species,  and 
the  only  serious  attacks  have  occurred  near  the  marginal  limits  of 
the  tree's  distribution.  Ice  storms  occasionally  break  the  tops  out 
of  trees,  and  those  so  damaged  seldom  recover  their  places  in  the 
forest  canopy.  Crown  fires  sometimes  destroy  many  acres  of  Doug- 
las fir  forests,  but  are  rare  in  young  stands.     Surface  fires,  on  the 

*  The  greatest  diameter  so  far  authentically  reported  is  of  a  tree  until  very  recently 
standing  in  a  grove  of  giant  cedars  and  firs  near  Mineral,  Wash.  (PI.  5.)  This  tree, 
measured  in  1924  with  steel  tape  and  Ahney  level,  had  a  diameter  of  15.4  feet  at  4.5  feet 
above  the  mean  ground  level,  and  a  height  (up  to  a  broken  top)  of  225  feet.  A  large  part 
of  the  interior  of  the  tree  has  been  burned  out  at  the  base,  leaving  a  doorlike  opening  at 
one  side.  The  rings  of  yearly  growth  are  plainly  visible  in  the  charred  walls  of  the  in- 
terior, and  by  counting  these  rings  the  age  of  the  tree  was  estimated  to  be  1,020  years  (in 
1924).  Another  large  tree  about  15  feet  in  diameter  was  reported  in  1900  by  E.  T.  Allen, 
who  writes,  "  It  was  about  3%  miles  from  Ashford,  Wash.,  on  the  Mount  Rainier  road,  and 
was  a  fallen  tree  which  itself  lay  quite  sound,  but  the  stun^  which  was  about  25  feet 
high  had  been  burnt  or  rotted  out  from  one  side,  leaving  a  large  opening.  I  rode  a 
horse  into  this  stump,  turned  him  around,  and  rode  out  again.  It  was  a  small  horse, 
but  you  can  see  it  was  also  a  big  tree."  The  tallest  Douglas  fir  on  record  was  reported 
in  1900  by  E.  T.  Allen.  This  tree,  found  near  Little  Rock.  Wash.,  was  330  feet  tall 
and  had  a  diameter  of  71.6  inches.  A  down  tree  380  feet  long  has  been  reported,  but, 
unfortunatel.v,  the  details  of  the  measurement  were  never  recorded  and  the  exact  location 
of  the  ti-ee  forgotten.  Other  tall  trees  for  which  accurate  information  is  available  are 
the  following  :  One  near  Hoquiam,  Wash.,  318  feet ;  one  at  Little  Rock,  Wash.,  310  feet ; 
one  near  Darrington,  Wash.,  325  feet ;  one  near  Pawn,  on  the  Siuslaw  National  Forest 
in  Oregon,  295  feet.  Several  instances  of  exceptional  volume  of  individual  Douglas  fir 
logs  have  been  reported.  At  Bellingham,  Wash.,  a  log  12  feet  in  diameter  at  the  butt, 
278  feet  long,  scaled  105,000  board  feet,  Scribner  rule.  At  Clear  Lake,  Wash.,  a  log 
12.9  feet  in  diameter  at  the  butt,  170  feet  long,  scaled  78,000  board  feet,  Scribner  rule. 
The  oldest  Douglas  fir  of  which  there  is  any  authentic  record  was  found  in  1913  by 
Ranger  Hilligoss  on  the  Finney  Creek  watershed  about  30  miles  east  of  Mount  Vernon, 
Wash.  The  age  count  was  made  on  a  section  about  40  feet  above  the  stump,  and  the 
age  at  that  point  was  1,375  years.  Since  at  least  25  years  were  required  to  reach  the 
height  at  which  the  age  count  was  made,  this  tree  ntust  have  been  over  1,400  years  old 
when  cut.  The  next  oldest  is  the  tree  at  Mineral.  There  may  be  taller,  older,  or  larger 
trees  than  these,  but  the  Forest  Service  has  no  record  of  accurately  measured  trees 
which  surpass  those  described. 
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other  hand,  do  little  damage  to  mature  trees  protected  by  their  thick 
bark,  but  are  responsible  for  a  great  deal  of  damage  in  young  stands, 
scarring  the  bases  of  the  thin-barked  trees  and  thus  exposing  them 
to  windthrow  or  fungous  attacks. 

Douglas  fir  reproduces  itself  only  from  seed;  it  does  not  sprout 
as  do  many  of  the  hardwoods  and  a  few  of  the  conifers.  The  seed 
matures  in  August  and  September  and  most  of  it  falls  from  the  cones 
within  a  month  or  two ;  but  good  seed  often  continues  to  be  shed  until 
the  following  spring.  As  a  rule,  Douglas  fir  has  a  large  seed  crop 
over  the  entire  region  about  every  three  or  four  years,  the  interven- 
ing crops  being  either  total  failures  or  light. 

Douglas  fir  normally  is  a  deep-rooted  species  on  the  drier  loams 
and  very  dry  gravels,  but  this  characteristic  of  the  root  system  ap- 
pears to  be  determined  largely  by  the  quantity  of  moisture  present 
in  the  soil.  On  wet  clay  soils  so  shallow  a  root  system  is  developed 
that  isolated  trees  are  liable  to  be  overthrown  by  the  wind;  and 
windthrow  is  particularly  prevalent  in  the  wet  soils  of  river  bottoms. 

Douglas  fir  stands,  as  well  as  logs  and  lumber,  are  often  referred 
to  as  "  red  fir  "  or  "  yellow  fir,"  according  to  the  color  and  quality  of 
the  wood.  Both  kinds  of  wood  may  be  in  the  same  tree,  the  coarse- 
grained center  being  reddish  and  the  fine-grained  outer  portions 
of  the  stem  yellowish.  The  yellow  fir  is  considered  more  desirable 
than  red  fir  because  of  its  color,  fine  grain,  and  easy- working  qual- 
ities. The  formation  of  red  fir  wood  is  commonly  attributed  to 
rapidity  of  growth,  and  since  the  rate  of  growth  diminishes  with 
age,  the  trees  in  old  forests  are  likely  to  contain  a  relatively  large 
proportion  of  the  yellow  wood.  For  this  reason,  young  Douglas 
fir  forests  are  frequently  referred  to  as  red  fir  forests  and  older 
stands  classed  as  yellow  fir  forests. 

FACTORS  INFLUENCING  YIELD  OF  DOUGLAS  FIR 

The  yield  of  the  growing  forest  at  any  given  age  is  determined  by 
site  quality  and  degree  of  stocking.  A  brief  analysis  of  these  factors 
will  be  presented;  a  complete  discussion  of  them  is  beyond,  the 
scope  of  this  bulletin.  The  actual  yields  obtainable  from  any  stand 
are  affected  by  other  factors  also,  such  as  the  intensity  of  the  utiliza- 
tion and  the  amount  of  defect;  these  are  discussed  in  later 
paragraphs. 

SITE  QUALITY 

Various  combinations  of  the  physical  characteristics  of  forest 
areas,  such  as  soil,  drainage,  rainfall,  temperature,  altitude,  slope, 
and  aspect,  result  in  different  degrees  of  favorableness  for  tree 
growth.  The  combined  effect  of  these  characteristics  on  the  stand  is 
embraced  in  the  term  "  site  "  or  "  site  quality."  (PI.  6.)  Between  the 
best  and  poorest  sites  in  the  Douglas  fir  region  is  a  range  in  produc- 
tivity, as  measured  in  cubic  feet  of  wood  produced,  of  over  250  per 
cent.  It  would  be  difficult,  if  not  impossible,  to  determine  the  part 
that  each  physical  factor  has  in  making  an  area  productive,  although 
this  study  has  given  some  indications  of  the  combinations  of  factoi*s 
that  contribute  toward  productivity.  For  practical  purposes  in 
using  yield  tables  it  is  essential  to  have  only  a  measure  of  the 
combined  effect. 
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Plate  l 


A  Typical  Stand  of  Young  Douglas  Fir 
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A  healthy  stand  of  Douglas  fir  about  100  years  old  In  Clackamas  County,  Oreg.  The  forest  canopy  is 
beginning  to  open  and  the  light  thus  admitted  to  the  groimd  has  enabled  the  establishment  of  a  thick 
growth  of  underbrush. 
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Thrifty  Young  Stands  of  Douglas  Fir  Are  Abundant  on  Old 
Burns  and  logged  Off  lands 

A  (exterior)  and  B  (interior)  views  of  Douglas  flr  stands  about  45  years  old.  The  remarkably  uniform  height 
development  of  the  young  trees  and  the  overtopping  seed  trees  are  characteristic.  Stand  B,  which  is  on 
land  that  once  was  cultivated,  has  438  trees  ana  6,789  cubic  feet  to  the  acre. 
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Plate  5 
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A  GIANT  Douglas  fir 

The  largest  Douglas  fir  of  which  there  is  an  accurate  record  stands  near 
Mineral,  Wash.  In  1924,  its  circumference  at  4.5  feet  above  the  ground 
was  49  feet,  equivalent  to  a  diameter  of  15.4  feet;  height  to  a  broken  top 
was  225  feet;  age,  1,020  years.  This  tree  fell  recently.  (Photograph  by 
Boland.) 
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Altitude  influences  the  productivity  of  an  area  by  shortening  the 
growing  season  and  lowering  the  mean  temperature.  Since  at  high 
elevations  growth  begins  late  and  stops  early,  high-altitude  areas  are 
less  productive  than  those  at  low  elevations,  even  though  soil,  drain- 
age, and  other  conditions  are  favorable.  In  this  study,  89  per  cent 
of  the  areas  ranking  as  Site  I  were  found  below  an  altitude  of  1,500 
feet,  and  no  Site  I  areas  were  found  above  2,000  feet. 

Aspect  was  found  to  be  an  important  factor  in  regulating  the 
productivity  of  forest  sites.  The  most  rapid  growth  was  found  on 
slopes  facing  north,  northeast,  and  east,  probably  because  the  soil 
on  these  exposures  is  less  subject  to  the  drying  rays  of  the  summer 
sun  and  consequently  remains  more  moist  than  on  other  aspects. 
Ninety  per  cent  of  the  Site  I  areas  measured  during  the  course  of 
this  study  were  on  north,  northeast,  and  east  aspects.  The  south  to 
west  aspects  were  found  to  be  more  variable  in  their  effect  on  site 
than  the  north  to  east  aspects.  Although  the  least  productive  areas 
were  found  on  south,  southwest,  and  west  aspects,  occasional  Site  I 
areas  and  a  moderately  large  number  of  Site  II  areas  were  found  on 
these  exposures.  All  of  the  Site  V  plots  were  on  south  to  west 
aspects,  or  on  level  ground. 

Soil  undoubtedly  plays  a  most  important  part  in  regulating  the 
productivity  of  any  area.  Even  though  there  be  abundant  rainfall, 
a  long,  warm  growing  season,  and  every  other  condition  conducive 
to  rapid  growth,  if  the  soil  is  lacking  in  food  substances  (or  if  there 
is  an  excess  of  certain  substances),  if  it  is  extremely  shallow  or  the 
drainage  is  deficient,  growth  will  be  slow,  and  large  yields  will  not 
be  attained.  The  most  rapid  growth  and  the  largest  yields  of 
Douglas  fir  are  obtained  on  deep,  well-drained  sandy  loam  soils. 
Clay  soils  apparently  rank  second  in  productivity,  and  those  soils 
•which  are  mainly  gravel  are  the  least  productive. 

It  is  difficult  to  separate  the  effect  of  rainfall  from  the  effect  of 
other  physical  factors  influencing  site  quality.  The  results  of  this 
study  indicate  in  general,  however,  that  abundant  precipitation  is 
essential  for  rapid  growth  and  large  yields.  The  most  productive 
areas  having  favorable  soil  and  altitude  were  found  in  localities 
where  the  annual  precipitation  is  more  than  60  inches.  Conversely, 
on  areas  where  the  soil  and  altitude  apparently  are  favorable,  but 
where  the  rainfall  is  less  than  30  inches  annually,  the  trees  were 
growing  slowly,  and  the  total  yields  were  small. 

Slope  affects  site  quality  by  reason  of  the  fact  that,  even  when 
other  factors  remain  the  same,  a  change  in  the  gradient  may  result  in 
an  increased  or  decreased  rate  of  growth.** 

STOCKING 

The  completeness  of  stocking  of  a  forest  area  has  a  decidedly  im- 
portant effect  on  yield,  not  only  on  the  volume  production  but  llso 
on  the  quality  of  the  wood  produced.  Where  there  are  but  few  trees 
per  acre  the  increase  in  volume  of  individual  trees  is  very  rapid,  but 

5  Aside  from  the  influence  that  slope  has  on  site  quality,  the  degree  of  slope  also  affects 
the  yield  per  acre.  For  horizontally  measured  acres  an  increase  in  slope  results  in  an 
increased  area  of  soil  surface  per  acre.  An  increase  in  gradient  likewise  makes  possible 
a  more  advantageous  exposure  of  the  crowns  with  resultant  increase  in  density  of  stock- 
ing, and  this  holds  true  even  if  the  hillside  acre  is  surface  measured  and  thus  has  the 
same  surface  area  as  ah  acre  on  level  ground.  The  effect  of  slope  on  yield  is  described 
in  a  later  paragraph. 

841354  O  -  3 
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trees  growing  under  these  conditions  will  have  many  large  limbs,  a 
gnarled,  rough  appearance,  and  lumber  from  such  open-grown  trees 
will  contain  large  knots,  will  be  coarse  grained,  and  consequently 
will  be  of  low  quality.  When  the  trees  are  closely  spaced  the  limbs 
on  the  lower  portions  of  the  stems  are  small  and  die  early  because 
of  shading,  and  the  lumber  from  closely  grown  trees  therefore  has 
fewer  and  smaller  knots,  a  finer  texture,  and  a  higher  quality. 

The  density  of  stocking  may  also  affect  the  character  of  the  prod- 
uct (pi.  7),  determining,  for  example,  whether  a  large  or  a  small 
proportion  of  the  trees  has  the  proper  taper  or  clear  surface  which 
renders  them  suitable  for  special  purposes,  such  as  telegraph  poles 
or  piling. 

Though  quality  production  is  perhaps  of  as  great  economic  impor- 
tance as  quantity  production,  the  present  study  was  confined  to  the 
latter  phase,  and  no  systematic  information  is  yet  available  regard- 
ing  the  quality  yields  at  different  ages,  for  different  site  qualities, 
and  for  different  degrees  of  stocking. 

GROWTH  AND  YIELD  TABLES 

TERMS  USED 

The  following  explanations  are  given  of  the  terms  used  in  the  dis- 
cussion and  tabulation  of  growth  and  yield. 

Yield. — The  volume  per  acre  in  fully  stocked  stands  at  stated 
ages  by  any  one  of  several  standards  ot  measure.  The  yield-table 
values  include  only  living  trees,  and  do  not  show  the  very  consider- 
able increase  in  total  yield  which  can  be  had  by  taking  advantage  of 
thinnings,  even  if  the  thinning  operations  do  no  more  than  remove 
the  trees  which  normally  will  die  as  the  stand  grows  older.  No 
allowance  is  made  in  the  computations  of  yield  for  possible  loss  in 
logging  through  defect  and  breakage. 

Mean  anmoal  increment. — The  average  yearly  increase  in  volume 
computed  for  the  total  age  of  a  stand  at  any  period  in  its  life.  See 
below. 

Periodic  amm,iud  increment. — The  average  yearly  increase  in  volume 
during  a  short  period — in  this  instance  a  10-year  period  is  used. 
The  figures  for  mean  annual  increment  and  periodic  annual  incre- 
ment are  for  living  trees  only  and  take  no  account  of  the  trees  which 
die  between  measurements;  nor  is  allowance  made  for  possible  loss 
in  logging  through  defect  or  breakage. 

Dominant  amct  codominant  trees. — Trees  with  well-developed 
crowns  forming  the  general  level  of  the  forest  canopy  and  occa- 
sionally extending  above  it;  the  larger  trees  of  the  stand.  (The 
group  corresponds  to  the  two  upper  classes  of  a  crown  classification 
having  four  divisions — dominant,  codominant,  intermediate,  and 
suppressed  trees.) 

Age. — As  given  in  this  bulletin  the  age  of  the  stand  is  the  average 
total  age  of  the  dominant  and  codominant  trees.  It  is  the  number 
of  years  since  the  stand  started  from  the  seed,  not  the  number  of 
years  since  the  previous  stand  was  removed. 

Stocking. — Stocking  is  a  term  here  used  in  describing  the  degree 
to  which  an  area  is  covered  by  Douglas  fir  trees.  The  ideal  or  most 
effective  number  and  distribution  of  trees  is  called  normal,  or  fuU, 
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stocking.  Normal  stocking,  as  used  here,  is  not  theoretical  maximum 
stocking  but  represents  the  condition  of  a  large  number  of  selected 
acres  in  natural  stands  where  no  accidents  have  interfered  with 
growth.  Normal  stocking  as  indicated  in  this  bulletin  can  be  found 
on  single  acres  in  all  parts  of  the  region  and  in  many  forests  uni- 
formly over  an  area  of  10  or  20  acres. 

Assumed  utilization. — For  tables  in  cubic  feet,  the  volume  is  the 
total  cubic  volume  of  the  entire  stems  including  stump  and  top  but 
excluding  bark  and  limbs;  for  tables  of  the  total  stand  all  sizes  of 
coniferous  trees  over  1.5  inches  in  diameter,  except  those  of  the 
understory,  are  included.  The  yields  in  board  feet  by  the  Scribner 
log  rule  allow  for  a  minimum  top  diameter  of  8  inches,  a  stump 
height  of  2  feet,  a  trimming  allowance  of  0.3  foot  for  each  16-foot 
log,  and  represent  the  volume  of  all  trees  11.6  inches  in  diameter 
(12-inch  class)  and  larger  on  one  fully  stocked  acre.  The  yields  in 
board  feet  according  to  the  International  log  rule  (%-inch  kerf) 
allow  for  a  minimum  top  diameter  of  5  inches,  a  stump  height  of 
1.5  feet,  a  trimming  allowance  of  0.3  foot  for  each  16-foot  log,  and 
represent  the  volume  of  all  trees  (1)  6.6  inches  in  diameter  (7-inch 
class)  and  larger,  and  (2)  11.6  inches  in  diameter  and  larger  on  1 
fully  stocked  acre.^ 

Scale. — The  volumes  given  represent  full  scale,  no  allowance 
having  been  made  for  possible  loss  through  defect,  breakage,  or 
incomplete  woods  utilization. 

Site  quality. — Separation  of  forest  land  into  the  various  classes  of 
productivity  (sites)  is  based  on  the  average  total  height  of  the  domi- 
nant and  codominant  trees.  The  average  total  height  which  has 
been  or  will  be  attained  at  a  given  age  (in  these  tables  at  100  years) 
is  the  "  site  index,"  and  the  tables  here  presented  show  the  yields  for 
forests  of  all  site  indices  from  80  to  210.^^  For  the  sake  of  compact- 
ness, only  the  10- foot  site  indices  (as  80,  90,  100)  are  shown,  but 
intermediate  values  (as  site  index  82,  87,  88,  etc.)  can  be  obtained  by 
interpolation  between  two  adjoining  10- foot  classes.  To  simplify 
the  application  of  the  tables,  the  site  indices  are  grouped  in  five 
broad  classes,  called  Sites  I,  II,  III,  IV,  and  V.  Each  site  class  is 
arranged  in  these  tables  to  include  three  of  the  10- foot  site-index 
classes  which  may  be  used  as  high,  low,  and  median  values  in  each 
site  class.  The  median  values  of  the  five  site  classes  correspond  to 
the  following  site  indices : 

Site  index 

Site    I 200 

Site  II 170 

Site  III 140 

Site  IV 110 

Site  V 80 

Total  ha^al  area. — The  sum  of  the  cross-sectional  areas  in  square 
feet  (including  bark) ,  at  4.5  feet  above  the  ground,  on  1  acre ;  com- 

«  Since  the  International  rule  assumes  rather  close  utilization,  a  saw  kerf  of  one-eighth 
of  an  inch  is  here  provided.  If,  however,  a  i/4-inch  saw  kerf  is  used  with  the  Inter- 
national rule,  the  yields  indicated  in  these  tables  must  be  reduced  9.5  per  cent. 

"^  "  Site  index  "  is  not  a  new  term,  although  it  has  been  little  used  in  the  United  States. 
Theodore  and  Robert  Hartig  used  the  system  in  growth  and  yield  studies,  and  so  did 
Huber,  as  reported  by  Sterling  (2).  Fricke  (3)  developed  a  system  of  site  indices  similar 
to  the  one  described  here,  and  Roth  (10)  proposed  a  scheme  essentially  the  same,  although 
he  did  not  mention  the  term  •'  site  index." 
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puted  in  this  bulletin  for  three  groups  of  living  trees,  namely,  (1) 
all  the  trees,  (2)  those  7  inches  in  diameter  and  larger,  and  (3)  those 
12  inches  and  larger. 

TABLES  OF  NORMAL  YIELD 

Normal-yield  tables  such  as  are  given  in  this  bulletin  take  into 
account  the  variations  in  yield  due  to  site  and  age.  But  the  normal 
tables  do  not  reckon  with  the  variations  in  yield  due  to  stocking, 
degree  of  defect,  or  utilization  practice.  The'  normal  tables  are 
standards  to  which  actual  yields  oi  extensive  areas  can  be  referenced. 
In  using  the  yield  tables,  proper  allowance  must  be  made  for  utiliza- 
tion less  complete  than  is  indicated ;  for  possible  loss  through  defect 
and  breakage ;  and  for  any  estimated  degree  of  stocking  more  or  less 
than  that  represented  by  the  normal  tables. 

DETERMINATION  OF  SITE  QUALITY 

Obviously,  before  yield  tables  can  be  used,  the  site  quality  of  the 
area  in  question  must  be  determined.  As  already  stated,  the  average 
total  height  of  the  dominant  and  codominant  trees  at  a  given  age 
is  the  accepted  index  of  site.  Whenever  there  is  a  stand  of  Douglas 
fir  on  the  area,  either  young  growth  or  old  growth,  site  can  be  de- 
termined readily  by  comparing  the  average  total  height  of  selected 
dominant  and  codominant  trees  with  the  standard  heights  corre- 
sponding to  the  age  of  the  stand  as  given  in  Table  1  and  Figure  2.* 


Table  1. — Averaffe  total  height  of  domintmt  and  codovMruint  trees, 

classes 


ty  site 


Site  Class  V 

Site  Class  IV 

Site  Class  III 

Site  Class  II 

Site  Class  I 

Age  (years) 

Site 

index 

80 

Site 

index 

90 

Site 

Index 

100 

Site 

index 

110 

Site 

index 

120 

Site 

index 

130 

Site 

index 

140 

Site 

index 

150 

Site 

index 

160 

Site 

index 

170 

Site 

index 

180 

Site 

index 

190 

Site 

index 

200 

Site 

index 

210 

20 

Feet 
21 
37 
48 
66 
63 
68 
73 
77 
80 
83 
85 
87 
88 
89 
90 

Feet 
2A 
41 
54 
63 
70 
77 
82 
86 
90 
93 
96 
98 
99 
101 
102 

Feet 
26 
46 
60 
70 
78 
85 
91 
96 
100 
104 
106 
109 
110 
112 
113 

Feet 
29 
50 
66 
77 
86 
94 
100 
105 
110 
114 
117 
119 
121 
123 
124 

Feet 
31 
55 
72 
84 
93 
102 
109 
115 
120 
124 
128 
131 
133 
134 
136 

Feet 
34 
60 
78 
91 
101 
110 
118 
125 
130 
135 
138 
141 
144 
145 
147 

Feet 
37 
64 
84 
98 
109 
119 
127 
134 
140 
145 
149 
152 
154 
156 
158 

Feet 
39 
69 
90 
105 
117 
127 
136 
144 
150 
155 
160 
163 
166 
168 
170 

Feet 
42 

74 
96 
112 
124 
135 
145 
153 
160 
166 
170 
174 
177 
179 
181 

Feet 
44 
78 
102 
119 
132 
144 
154 
163 
170 
176 
181 
185 
188 
190 
192 

Feet 
47 
83 
108 
125 
140 
152 
163 
172 
180 
187 
192 
196 
199 
201 
203 

Feet 
49 
88 
114 
132 
148 
161 
172 
182 
190 
197 
202 
207 
210 
213 
215 

Feet 
52 
92 
120 
139 
156 
170 
181 
192 
200 
207 
213 
218 
221 
224 
226 

Feet 
54 

30 

96 

40 

126 

50 

146 

60 

163 

70     -  .. 

178 

80 

190 

90  

201 

100 

210 

110   

218 

120 

224 

130 

228 

140 

232 

150 

235 

160 

237 

As  an  example,  if  the  age  of  the  stand  is  50  years,  and  the  average 
total  height  of  the  dominant  and  codominant  trees  is  98  feet,  Table 
1  shows  that  this  height  at  50  years  corresponds  to  site  index  140, 


«The  figures  in  Table  1,  and  Flgtire  2  up  to  160  years  are  based  on  the  measurement  of 
stands  used  in  the  yield  study,  but  for  the  benefit  of  those  who  may  want  to  determine 
site  quality  of  land  now  supporting  old-growth  timber  the  figures  in  Figure  2  have  been 
extended  to  440  years  by  W.  H.  Meyer.  The  extension  is  based  on  the  measurement  of 
heights  in  40  dilferent  forests  by  yarious  members  of  the  Forest  Service. 
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or  Site  III.  Height  measurements  of  15  or  20  dominant  and  co- 
dominant  trees  and  age  counts  on  about  10  should  be  sufficient  for 
site-quality  determination  if  the  area  is  homogeneous.  Since  age 
counts  usually  are  made  several  feet  above  the  ground,  these  counts 
must  be  converted  (Table  19)  to  total  age. 

It  is  less  easy  to  determine  the  site  class  of  an  old  burn  or  freshly 
logged  area  devoid  of  trees.  Where  such  bare  areas  are  adjacent 
to  standing  timber  on  land  of  apparently  similar  site,  the  non- 
forested  areas  may  be  assumed  to  be  of  about  the  same  site  as  the 
adjoining  forested  areas.  Methods  for  determining  the  site  of  bare 
areas  are  now  being  sought. 

The  normal-yield  tables  are  presented  in  three  ways:  Table  2  for 
total  stand,  all  sizes  of  trees  included;  Table  3  for  that  part  of  the 


Figure  2. — Average  total  height  of  dominant  and  codominant  trees 

stand  7  inches  in  diameter  and  larger;  Table  4  for  the  stand  12 
inches  in  diameter  and  larger. 

YIELD  TABLES  FOR  TOTAL  STAND 

Table  2  comprises  a  group  of  yield  tables  covering  the  whole 
stand  and  includes  four  items,  the  total  number  of  trees  per  acre, 
the  diameter  of  the  average  tree  at  breastheight,  total  basal  area, 
and  the  cubic  volume  of  the  entire  stems.  The  values  for  each  item 
are  arranged  by  site  indices  from  80  to  210  in  10-foot  classes.  Fig- 
ures 3  to  6  present  the  same  data  by  means  of  curves  but  include  only 
the  median  values  for  each  of  the  five  site  classes.  All  conifers 
(but  not  understory  trees,  if  present)  1.5  inches  in  diameter  and 
larger  are  included  in  the  table  for  the  total  stand. 
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YIELD  TABLES  FOR  STAND  OF  TREES  7  INCHES  IN  DIAMETER  AND 

LARGER 

For  the  stand  of  trees  7  inches  in  diameter  and  larger,  Table  3 
records  the  number  of  trees,  the  diameter  of  the  average  tree,  total 
basal  area,  cubic  volume,  and  board-foot  volume  by  the  International 
log  rule.  Figures  7  and  8  illustrate  the  change  in  number  of  trees 
and  in  board-foot  volume,  with  age. 

The  tables  and  graphs  are  self-explanatory  with  the  possible  excep- 
tion of  the  graph  for  number  of  trees.     (Fig.  7.)     The  number  of 
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FiQUBB  7. — Number  of  trees  per  acre  7  inches  In  diameter  and  larger 

trees  larger  than  7  inches  in  diameter  must  increase  as  the  stand 
grows  older  and  the  trees  gain  in  diameter.  The  trees  which  die 
and  drop  out  of  the  stand  during  this  period  presumably  are  small 
trees,  mostly  less  than  7  inches  in  diameter.  Since  the  stand  must 
some  time  reach  an  age  when  all  the  trees  in  the  stand  are  over  7 
inches  in  diameter,  trees  dying  after  that  time  must  come  from  the 
ranks  of  the  7-inch  and  larger  trees.  Hence,  after  a  certain  age, 
there  is  a  decrease  in  the  total  number  of  these  trees;  this  accounts 
for  the  sudden  reversal  in  direction  of  the  curves. 
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During  the  period  when  part  of  the  total  number  of  trees  are 
smaller  than  7  inches  in  diameter,  the  diameter  of  the  average  tree 
in  the  stand  7  inches  and  larger  is  greater  than  the  diameter  of  the 
average  tree  in  the  total  stand,  and  basal  area  and  cubic  volume  are 
less.    Later  the  values  become  equal  in  both  stand  groups. 
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FiGDEB  8.— Volume  per  acre  in  board  feet  by  the  International  log  rule   (%-inch 
kerf),  trees  7  inches  in  diameter  and  larger 

YIELD  TABLES  FOR  STAND  OF  TREES  12  INCHES  AND  LARGER  IN 

DIAMETER 

Table  4  records,  for  that  part  of  the  stand  in  and  above  the  12-inch 
diameter  class,  the  number  of  trees,  diameter  of  the  average  tree, 
total  basal  area,  cubic-foot  volume,  board-foot  volume  by  the  Inter- 
national log  rule  and  board-foot  volume  by  the  Scribner  log  rule. 
Figures  9  and  10  illustrate  the  change  with  age  in  the  nuniber  of 
trees  and  Scribner  board-foot  volume. 
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APPLICATION    OP   NORMAL- YIELD   TABLES   TO    ACTUAL   STANDS 

PRINCIPLES  AFFECTING  NORMALITY 

The  normal-yield  tables  in  this  bulletin  indicate  the  volume  yields 
and  other  stand  values  that  may  be  expected  in  normally  stocked 
forests.  Such  values  were  actually  found  in  natural  stands,  but 
only  on  plots  selected  for  their  uniform  distribution  of  trees  and 
freedom  from  openings.  Normal  stocking  does  not  occur  uniformly 
over  large  areas  in  the  natural  stands  of  the  present  day,  nor  is  it 
likely  that  full  stocking  will  prevail  in  the  forests  of  the  immediate 
future. 
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FiQURB  9. — Number  of  trees  per  acre  12  inches  in  diameter  and  larger 

The  forest  manager  or  landowner,  therefore,  who  wishes  to  as- 
certain the  capacity  of  his  land  to  produce  forests  or  wishes  to 
jDredict  the  yield  that  he  may  obtain  10,  20,  or  more  years  hence  from 
growing  forests  now  immature  must  apply  a  discount  to  the  normal- 
yield  tables.  To  do  this  he  should  know  how  to  judge  normality 
and  should  have  a  knowledge  of  the  allowances  to  be  made  for  the 
inevitable  disparities  between  the  actual  average  stands  and  the 
standard  fully  stocked  stands. 

Small  areas,  but  not  extensive  forests  of  Douglas  fir  in  this  re- 
gion, are  sometimes  overstocked  in  reference  to  the  standard  tables. 
Large  areas  may  appear  fully  and  uniformly  forest  clad,  but  closer 
:lv  alwavs  discloses  "  holes 


inspection  nearly  always 


or   blank   spaces  that 
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aggregate  enough  to  bring  the  stand  volume  materially  below  that 
of  the  normal-yield  tables. 

In  considering  the  relationship  of  actual  stands  to  the  normal 
standard  for  any  area  of  homogeneous  forest,  it  is  obvious  that  only 
minor  holes  or  breaks  in  the  uniform  continuity  of  the  canopy  are 
considered — those  less  than  about  150  feet  across.  Upon  the  quan- 
tity of  these  small  blank  spaces  depends  the  degree  of  understock- 
ing. Breaks  that  are  large  enough  to  be  mapped,  such  as  those 
made  by  meadows,  rivers,  or  cutting  operations,  or  changes  in  the 
forest  type  under  consideration,  are  eliminated  as  "  surveyable  open- 
ings "  and  so  have  no  part  in  affecting  the  degree  of  understocking. 
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Figure  10. — Volume  per  acre  in  board  feet  by  the  Scribaer  log  rule,  trees  12  inches 
In  diameter  and  larger 

Obviously  these  surveyable  openings  must  be  listed  according  to 
their  respective  types  in  the  forest  inventory,  but  should  not  be 
confused  with  those  minor  and  well-nigh  universal  breaks  and  thin 
places  in  the  canopy  of  any  natural  forest  which  cause  the  condition 
of  understocking. 

In  order  to  ascertain  the  relationship  between  the  stand  values  of 
average  extensive  forests  and  the  normal  yield  table  values  for 
selected  plots,  a  special  study  was  conducted  during  the  field  seasons 
of  1926  and  1927,  following  the  conclusion  of  the  collection  of  the 
data  for  the  normal-yield  tables.  An  answer  was  sought  for  such 
practical  questions  as  the  following :  What  causes  and  what  consti- 
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tutes  understocking?  Does  the  understocked  stand  always  remain 
understocked  or  does  its  relationship  to  the  normal  change  during  its 
life?  How  may  the  degree  of  understocking  or  over/;tocking  be 
recognized?  By  how  much  must  the  normal  yield  tables  be  dis- 
counted to  give  correct  values  for  actual  average  stands?  What 
field  operations  and  office  technic  are  necessary  to  employ  normal- 
yield  tables  in  determining  the  probable  production  of  extensive 
actual  stands? 

This  study  of  average  stands  comprised  the  running  of  62  miles  of 
very  detailed  strip  surveys  through  83  Douglas  fir  forests  of  various 
ages,  the  analyzing  of  493  sample-plot  records  to  test  their  relation- 
ship to  normality,  and  finally  the  making  of  a  complete  survey  of  a 
4,000-acre  forest  as  a  basis  for  perfecting  the  technic  of  yield-table 
application.  The  results  of  this  research  are  published  elsewhere,® 
and  but  a  brief  summary  of  the  findings  will  be  given  here. 

VARIABILITY  OF  STANDS 

Uniformity  in  the  stocking  of  a  forest  is  rare ;  variability  seems  to 
be  general  and  the  range  from  one  acre  to  another  quite  wide.  This 
was  found  to  be  so  in  comparing  individual  acres  on  strip  cruises  of 
the  study  referred  to.  The  degree  of  stocking,  as  expressed  in 
volume  of  cubic  feet,  ran  all  the  way  from  25  to  138  per  cent  of  the 
normal  stocking  indicated  by  the  yield  tables,  and  averaged  80.5 
per  cent.  Two-thirds  of  the  individual  acres  came  within  20  per 
cent  of  the  average  cubic  volume,  either  above  or  below;  i.  e.,  be- 
tween 60  and  100  per  cent  of  the  yield-table  volumes.  The  indi- 
vidual-aci-e  basal  areas  show  similar  departures  from  the  normal; 
and  this  is  also  true  of  the  board-foot  volume  by  the  International 
rule. 

Tracts  of  several  acres  may  vary  in  respect  to  cubic-foot  volume, 
basal  area,  and  board-foot  volume  (International  rule)  from  as  little 
as  40  or  50  per  cent  of  normal  stocking  to  as  much  as  120  or  130 
per  cent.  When  still  larger  tracts  are  considered,  the  range  in  de- 
partures from  the  normal  is  not  quite  so  wide.  Over  extensive  areas 
the  stand  values  will  be  approximately  80  per  cent  of  those  in  the 
normal  yield  tables.  This  may  be  taken  as  a  fair  regional  approxi- 
mation since  it  is  based  on  a  survey  of  83  forests,  but  a  discount  for 
local  application  to  single  stands,  which  may  differ  widely  from  the 
average,  must  be  ascertained  by  methods  described  below  wherever 
detailed  yield  predictions  are  to  be  made. 

CAUSES  OF  UNDEESTOCKINQ 

A  variety  of  causes  may  affect  the  stocking  of  a  stand,  actually 
producing  small  holes  or  gaps  in  the  forest  canopy  which  can  be 
picked  out  as  a  strip  is  run.  On  the  average,  the  sum  of  such  de- 
terminable small  interruptions  amounted  in  this  study  to  10  per 
cent  of  the  area,  although  understocking  itself  was  20  per  cent  oe- 
low  the  normal.  The  remaining  10  per  cent  is  probably  attributable 
to  the  wide  spacing  of  trees.  Understocked  stands  seem  to  have 
both  actual  holes  in  the  canopy  and  thin  spots  due  to  wide  spacing, 
both  conditions  contributing  alike  to  subnormal  stand  volume. 

«>  Meyer,  W.  H.  a  study  op  the  relation  between  actual  and  normal  tiblds  of 
IMMATURE  DOUGLAS  FIR  FORESTS.     1930.      [Unpublished  manuscript.] 
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The  principal  causes  of  understocking  include — 

(1)  An  insufficient  number  of  seedlings  per  acre  when  the  stand  originated  to 
fully  utilize  the  soil  and  crown  space ; 

(2)  Topographic  or  soil  conditions,  such  as  ledges,  swampy  spots,  or  water- 
courses, which  preclude  occupation  by  trees  of  the  type  under  consideration; 

(3)  Breaks  in  the  canopy  of  the  main  coniferous  stand  occupied  by  clumps 
of  hardwoods,  which  are  not  considered  in  the  final  yields ; 

(4)  Openings  caused  by  action  of  such  factors  as  fire,  wind,  snowbreak,  and 
insects  or  other  depredators ;  and 

(5)  Minor  openings  made  by  man,  such  as  the  cutting  of  a  few  trees  to 
make  way  for  roads  or  trails. 

EFFECT   OF    SLOPE   ON    YIELiD 

It  has  been  mentioned  that  slope  is  one  of  the  elements  that  con- 
trol site  quality.  But  apart  from  this  consideration  there  is  a  dif- 
ference in  stand  values,  or  stocking,  with  changes  in  slope,  site  for 
site.  All  the  normal-yield  table  values  are  for  acres  measured  on 
the  horizontal,  which  is  significant  in  topography  such  as  that  in  the 
Douglas  fir  region,  where  slopes  of  80  per  cent  or  more  are  not 
uncommon.  The  slopes  of  the  areas  upon  which  the  normal-yield 
tables  were  based  averaged  probably  between  20  and  30  per  cent. 
The  question  has  often  been  raised  whether  the  yields  did  not  in- 
crease with  increase  in  slope,  just  as  the  surface  area  of  a  hori- 
zontally measured  acre  increases.  It  seems  natural  that  this  should 
be  so  since  the  soil  surface  and  crown  exposure  increase  for  the 
horizontally  measured  acre  with  increase  in  gradient.  A  test  of 
433  sample  plots  indicated  that  this  condition  did  prevail  up  to  a 
certain  point  and  that  the  largest  yields  were  found  on  slopes  of 
about  40  per  cent.  Broadly  speaking,  on  40  per  cent  slopes  the 
basal  area  of  the  stand  averages  6  per  cent  and  the  cubic  foot 
volume  9.5  per  cent  above  that  on  the  average  or  25  per  cent  slope, 
whereas  on  level  areas  the  values  are  6  per  cent  and  5  per  cent, 
respectively,  less  than  the  normal. 

In  this  connection  it  is  significant  that  a  horizontally  measured 
acre  on  a  40  per  cent  slope  has  4.6  per  cent  more  surface  area  than 
one  on  the  average  25  per  cent  slope,  and  a  level  acre  has  2.8  per 
cent  less  surface  area  than  an  acre  on  a  25  per  cent  slope.  It  is 
obvious,  therefore,  that  in  the  application  of  these  normal-yield 
tables  to  areas  where  no  stand  tally  is  available  there  should  be 
some  correction  for  slope  if  the  bulk  of  the  area  is  on  land  the 
slope  of  which  is  different  from  that  for  which  the  tables  were 
made.^° 

INDICES  OF  STOCKING 

In  the  study  referred  to  an  attempt  was  made  to  determine  the 
most  reliable  criterion  to  use  in  judging  normality  of  stocking.  The 
ultimate  definition  of  stocking  should  be  made  in  terms  of  volume. 
Volume  computations,  however,  are  tedious  and  make  the  applica- 
tion of  normal  yields  much  more  time-consuming  without  appre- 

1"  Suggested  corrections  for  slope,  all  referenced  to  the  horizontally  measured  acre,  are 
as  follows,  expressed  in  cubic-foot  volume : 

On  level  areas  discount  figures  in  normal-yield  tables  5  per  cent. 

On  10  to  25  per  cent  slopes  no  discount  or  increase  need  be  made. 

On  30  to  50  per  cent  slopes  increase  figures  in  normal-yield  tables  5  per  cent. 

On  60  per  cent  slopes  make  no  discount  or  increase. 

On  80  per  cent  slopes  discount  figures  in  normal-yield  tables  10  per  cent. 
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ciably  increasing  the  accuracy.  Therefore  it  is  advisable  to  seek  in 
a  simpler  stand  value,  such  as  number  of  trees  or  basal  area,  an  index 
to  the  degree  of  volume  stocking. 

A  study  of  the  factors  which  might  be  used  in  Douglas  fir  forests 
for  a  determination  of  the  degree  of  stocking  confirms  the  conclusion 
reached  by  other  investigators  in  other  forest  types,  that  the  total 
number  of  trees  per  unit  area  is  a  very  unsatisfactory,  if  not  useless, 
index.  On  the  other  hand,  basal  area  was  found  to  be  a  most  reliable 
index  and  one  easily  obtained,  since  it  requires  only  a  tally  of  the 
stand  and  simple  computations.  The  relation  between  basal  area 
and  cubic-foot  or  International-rule  board-foot  volume  is  very  regu- 
lar ;  the  degree  of  normality  of  any  tract  will  be  approximately  the 
same  whether  expressed  in  basal  area,  in  cubic-foot  volume,  or  in 
International-rule  board-foot  volume.  To  illustrate :  Should  a  tract 
be  found  to  have  a  basal  area  approximately  75  per  cent  of  that  given 
in  the  normal-yield  tables,  it  is  probable  tnat  its  cubic-foot  contents 
and  its  International-rule  board-foot  contents  would  be  approxi- 
mately To  per  cent  of  that  given  in  the  normal-yield  tables  for  the 
same  age  and  site  class,  yet  the  number  of  trees  per  acre  is  quite  apt 
to  bear  a  different  ratio  to  the  normal-yield  values. 

In  the  younger  stands,  where  many  of  the  trees  are  below  12  inches 
in  diameter  and  therefore  can  not  be  measured  in  terms  of  board- 
foot  volume  by  the  Scribner  rule,  it  was  found,  as  would  be  expected, 
that  the  ratio  of  their  Scribner-rule  volume  to  the  normal  values  was 
very  erratic.  However,  in  stands  where  most  of  the  living  trees  were 
12  inches  or  more  in  diameter,  the  number  of  such  trees  was  a  fairly 
good  indication  of  the  degree  of  stocking  in  terms  of  Scribner  board- 
foot  volume.  Nevertheless,  the  ratio  between  the  number  of  trees  12 
inches  or  larger  and  the  Scribner-rule  volume  of  such  trees  is  not  a 
straight-line  relationship,  as  in  the  case  of  some  other  stand  values, 
but  can  be  defined  by  a  curve,  from  which  are  derived  the  ratios 
shown  in  Table  5. 

Table  5. — Comparison  of  percentages  of  shocking  <w  determined,  ty  number  of 
trees  12  inches  d.  h.  h.  and  larger  and  by  board  foot  volum^e  (Scribner  rule) 


Number 
of  trees 

Corre- 
sponding 
volume 

Number 
of  trees 

Corre- 
sponding 
volume 

Number 
of  trees 

Corre- 
sponding 
volume 

Per  cent 
30 
40 
50 
60 

Per  cent 
34 
46 

68 
68 

Per  cent 
70 
80 
90 
100 

Per  cent 
78 
87 
95 
103 

Per  cent 
110 
120 
130 

Per  cent 
111 
118 
125 

ALLOWANCES    FOR    INCOMPLETE    UTILIZATION    AND    FOR    DEFECTS 

In  the  application  of  yield  tables  to  actual  cases,  a  very  important 
consideration  is  the  discount  that  should  be  made  for  defect  in  the 
trees,  for  breakage  in  logging,  and  for  incomplete  utilization.  Ear- 
lier pages  have  indicated  that  the  normal-yield  tables  assume  all 
trees  to  be  sound  and  make  no  allowances  for  breakage  and  wastage, 
yet  inevitably  there  will  be  a  certain  amount  of  disparity  between  the 
normal  and  the  realizable  volumes,  even  under  most  intensive  prac- 
tices. In  predicting  future  yields  it  is  necessary  to  assume  pro- 
phetically that  certain  standards  of  utilization  will  apply  years  hence 
and  discount  the  normal  yields  accordingly. 
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No  general  rules  can  be  given  for  these  discounts;  they  will  vary 
greatly  from  stand  to  stand  with  age,  topography,  type  of  logging, 
character  of  product,  and  all  the  other  variables.  In  making  yield 
predictions  the  forester  must  depend  largely  on  experience  and  judg- 
ment for  the  fixing  of  defect  and  utilization  allowances. 

A  few  general  statements  may  be  a  guide.  As  there  is  little  rot  in 
immature  stands  of  Douglas  fir  the  correction  on  that  account  is 
inconsequential.  The  timber  destroyed  in  logging  or  left  in  the 
woods  unutilized  in  immature  Douglas  fir  forests  that  are  of  good 
merchantable  size,  has  been  estimated  by  A.  H.  Hodgson  (5)  to 
amount  to  12  or  15  per  cent  of  the  volume  of  the  original  stand.  It 
may  amount  to  very  much  more  than  this  sometimes,  particularly 
where  some  of  the  trees  are  not  of  a  size  to  be  merchantable  for  the 
product  sought,  and  are  left  uncut,  a  prey  to  wind  and  fire.  Present- 
aay  utilization  is  therefore  at  least  15  to  20  per  cent  below  the  nor- 
mal-yield table  values;  how  much  less  the  discount  should  be  for 
stands  to  be  cut  one,  two,  or  three  decades  hence,  is  problematical. 

It  should  be  clear  that  the  above  discussion  of  utilization  standards 
is  based  on  tree  or  log  measurement  and  takes  into  consideration  only 
the  portion  of  the  forest  stand  that  is  taken  out  of  the  woods  and 
has  no  reference  to  the  material  that  is  wasted  or  fails  of  utilization 
in  the  manufacturing  process — such  as  sawdust,  slabs,  and  trim- 
mings—except as  these  are  allowed  for  by  the  log  rules  themselves. 

TREND   OF   UNDERSTOCKED    STANDS    TOWARD    NORMALIIT 

There  is  in  nature  a  tendency  toward  equilibrium,  which  in  forest 
growth  appears  to  manifest  itself  in  a  trend  toward  normality.  Un- 
derstocked stands  tend  automatically  to  become  more  like  the  normal 
stand  of  the  same  age,  and  the  converse  is  probablj^  true  of  over- 
stocked stands.  Positive  information  on  this  point  is  meager,  and 
nothing  could  be  learned  from  the  analysis  of  data  from  plots  mea- 
sured but  once.  However,  the  statistical  history  of  some  Douglas 
fir  permanent  sample  plots  that  have  been  under  observation  since 
1910  leads  to  the  tentative  conclusion  that  the  change  toward  nor- 
mality goes  on  at  the  rate  of  4  per  cent  each  decade  (4).  There  is 
apparently  much  irregularity  in  the  progress  of  stands  toward  nor- 
mality, because  of  occasional  accidental  setbacks.  Until  further 
data  are  gathered  from  permanent  plots  over  a  longer  term  of  years, 
this  percentage  rate  of  increase  should  be  used  conservatively  in 
correcting  yield  predictions,  and  only  with  stands  within  the  age 
range  of  the  permanent  plots  so  far  studied,  namely,  between  40  and 
80  years.  Data  on  the  rate  of  regression  of  overstocked  plots  to- 
ward normal  conditions  are  still  too  scanty  to  justify  even  tentative 
conclusions. 

METHODS  OF  CONDUCTING  YIELD  SURVEYS 

The  preceding  paragraphs  have  shown  briefly  the  relation  between 
actual  and  normal  stands  and  how  these  differences  may  be  judged. 
To  develop  the  technic  by  which  a  set  of  normal-yield  tables  might 
be  applied  to  a  large  area  preliminary  to  making  yield  predictions 
for  a  forest  management  plan,  an  actual  survey  was  made  of  an  area 
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of  over  4,000  acres.  Although  space  will  not  permit  a  complete  ac- 
count of  this  yield  survey,  its  principal  steps  are  outlined  here  to  serve 
as  a  model  or  illustration  for  forest  managers  who  have  such  sur- 
veys to  make  for  either  small  or  large  properties.  This  experimental 
project  was  carried  on  in  more  detail  tnan  need  be  the  case  in  exten- 
sive practice,  in  order  that  by  using  intensive  methods  the  relative 
importance  and  practicability  of  each  step  in  the  field  and  office 
work  might  be  tested. 

On  the  test  area  of  over  4,000  acres,  on  the  Sauk  River  watershed 
of  the  Snoqualmie  National  Forest,  Wash.,  2,631  acres  were  mapped 
as  second-growth  Douglas  fir  type  and  this  comprised  the  area  for 
which  yield  predictions  were  to  be  made.  The  remainder  of  the 
tract  was  old-growth  mature  timber,  hardwood  type,  and  rivers 
or  other  survey  able  openings,  and  so  was  excluded  from  considera- 
tion. 

FIELD  WORK 

The  purpose  of  the  field  work  is  to  obtain  (1)  a  map  showing  the 
location  and  size  of  each  area  of  uniform  site  and  uniform  age  class, 
and  (2)  a  tally  of  the  diameter  and  height  of  the  trees  by  site  and 
age  groups  and  by  legal  subdivisions  if  desired.  The  tract  is  sam- 
pled by  means  of  strips  covering  only  a  small  percentage  of  the  actual 
area. 

The  most  convenient  crew  consists  of  three  men,  one  of  whom  acts 
as  compass  and  map  man,  the  second  as  caliper  man  or  estimator,  and 
the  third  as  rear  chainman  taking  borings  and  heights  and  correct- 
ing distances  for  slope. 

Horizontal  and  vertical  control  is  run  as  in  the  usual  timber- 
cruising  projects,  by  means  of  established  section  lines,  rights  of 
way,  surveys,  traverses,  and  so  forth.  The  intensity  of  the  control 
will  depend  upon  whether  a  topographic  map  exists  or  has  to  be 
made. 

Strips  1  chain  in  width  are  run  at  10  or  20  chain  intervals,  depend- 
ing upon  the  complexity  and  size  of  the  area,  thus  giving  a  10  or  5 
per  cent  estimate.  In  a  typical  survey  the  compass  man  runs  the 
line,  carries  the  chain,  and  makes  the  map  on  a  scale  of  8  inches  to 
the  mile.  The  estimator  tallies  all  the  trees  on  the  strip  in  2-inch 
classes,  actually  measuring  as  many  as  possible,  and  tallving  within 
the  class  all  diameters  0.4  inch  below  and  0.5  inch  above ;  for  instance, 
trees  11.6  to  13.5  inches  in  diameter  are  tallied  in  the  12  to  13  inch 
class.  Since  the  largest  chance  for  error  in  any  survey  is  in  main- 
taining the  proper  width  of  the  strip,  this  should  be  checked  con- 
tinually, either  by  pacing  or  by  means  of  a  small  range  finder  with 
which  the  caliper  man  can  easily  and  quickly  determine  whether  a 
certain  tree  is  inside  or  outside  the  belt.  The  rear  chainman  takes 
borings  to  ascertain  the  age  of  the  trees  on  that  strip,  converting  the 
number  of  rings  at  breastheight  to  total  age  by  means  of  the  values 
found  in  Table  19,  and,  for  convenience,  rounding  off  the  age  of  each 
stand  to  the  nearest  decade.  He  also  takes,  with  hypsometer  or 
Abney  level,  total  heights  of  average-sized  dominant  and  codomi- 
nant  trees,  in  order  to  make  the  site  determination.  After  such  a 
crew  is  well  organized,  they  can  work  as  fast  as  a  2-man  timber 
survey  crew  using  a  chain  and  correcting  for  slope,  if  not  a  little 
faster. 
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Wherever  the  site  or  age  class  changes,  a  new  tally  sheet  is  started 
by  the  estimator.  If  the  estimate  is  desired  by  40-acre  divisions  the 
tally  sheet  should  be  changed  also  after  each  forty.  This  frequent 
change  of  tally  sheets  means  that  all  three  members  of  the  crew  must 
work  in  close  contact  so  that  the  sheets  will  not  be  changed  without 
a  corresponding  change  in  the  map. 

The  five  site-quality  groups,  I  to  V,  will  be  used  ordinarily,  the  site- 
index  system  being  applicable  only  to  small  tracts  or  single  stands  in 
which  the  sites  are  not  too  variable.  All  three  members  of  the  crew 
should  be  on  the  watch  continually  for  a  change  in  site,  as  indicated 
by  the  average  height  of  the  larger  trees  in  the  stand.  No  site  or 
age  class  distinction  less  than  2  chains  along  the  strip  need  be 
made.  Before  concluding  the  field  work  a  careful  check  should 
be  made  between  the  tally  sheets  and  the  map  to  discover  whether 
any  discrepancies  exist, 

OFFICE  WORK 

The  office  work  differs  more  than  the  field  work  from  the  con- 
ventional methods  of  timber  surveys.  It  will  therefore  be  described 
in  greater  detail,  and  will  be  illustrated  by  computations  drawn  from 
the  above-mentioned  actual  survey. 

First,  the  field  maps  are  combined  into  a  project  map,  drawn  either 
to  the  same  scale  of  8  inches  to  the  mile  or  to  a  smaller  scale  if  more 
convenient.  A  legend  must  be  chosen  that  will  show  without  con- 
fusion the  several  site  and  age  classes  of  the  major  type  under  consid- 
eration and  the  areas  of  other  types.  With  a  planimeter  the  acreage 
of  the  individual  site-age  classes  is  compiled.  In  some  surveys  it  may 
be  desirable  to  keep  these  by  legal  40-acre  divisions,  but  this  increases 
the  work  two  to  three  fold  and  should  be  avoided  when  not  necessary. 

When  the  site  and  age  class  acreages  have  been  compiled,  the 
tallies  applying  to  each  of  the  individual  areas  must  be  worked  up. 
The  total  basal  area  and  the  number  of  trees  in  diameter  classes  12 
inches  and  larger  are  first  computed.  Should  the  portion  of  the  strip 
in  the  tally  not  be  an  even  acre,  the  basal  area  and  number  of  12-inch 
trees  must  be  converted  to  the  acre  basis.  Following  this,  the  values 
are  applied  to  the  total  area  inside  the  individual  area  under  consid- 
eration, and  total  basal  areas  and  total  number  of  12-inch  trees  are 
found.  For  instance,  in  the  example  given  in  Table  6,  section  19, 
forty  11,  has  5.4  acres  in  age  class  80,  Site  Class  III.  Basal  area  for 
this  class  is  116.1  square  feet  per  acre;  trees  in  and  over  the  12-inch 
diameter  class  number  50.  Thus  the  total  basal  area  for  the  class  is 
627  square  feet,  and  the  total  number  of  trees  is  270.  In  the  illus- 
trative survey  (Tables  6  and  7)  the  present-stand  volumes  were  also 
computed.  However,  in  all  prospective  yield  surveys,  if  a  knowl- 
edge of  the  present  volumes  is  not  essential  for  immediate  purposes 
the  computations  should  not  be  made,  since  to  do  so  greatly  increases 
the  amount  of  office  work. 
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Table  6. — Sample  form  for  summarizing  stand  values  in  a  yield  survey  by  40-acre 

suhdivisioths 


Sec 
tion 

Forty 

Age 

Site 

Pla- 
ni  meter 
reading 
(dou- 
ble) 

Area  of 
stand 

Basal 
area 

Trees  12 
inches 
in  di- 
ameter 
and 
over 

Volume 

Cubic 
measure 

Scribner 
rule  _ 

19 

11 

Yeart 
80 
80 
80 
90 

Outs. 

III 
IV 
V 
IV 

.05 
4.63 

.06 
2.24 

Acrea 

5.4 

.3 

23.0 

.3 

11.0 

43 

2,414 

54 

No. 
270 

21 
736 

24 

Cu.fi. 
29,060 

1,660 
59,090 

2,030 

Bd.fi. 
146,390 

6,960 
92,460 

6,530 

Total         

40.0 

3,138 

1,051 

91,840 

252,340 

Table  7. — Sample  of  summary  of  yield  figures  by  site-age  classes 

SITE  III 


Age 

Area 

Basal  area 

Trees  12 

inches  and 

more  in 

diameter 

Volume 

Cubic 
measure 

Scribner 
rule 

Years 
60.... 

Acres 
13.1 

126. 75 
88.56 

367.4 
82.65 

Sq.fi. 

920 
23,840 
15,190 
66,570 
14,230 

Number 

630 

10,080 

7,250 

27,270 

6,210 

Cu.fi. 

38,900 

1,087,300 

6H00O 

3,272,300 

718,900 

Mbd.fi. 
158 
5,297 
3,277 
16,502 
3,622 

80 

90 

100.. 

120 

SITE  IV 


Summary 

And  so  for 

1 
th  for  other  s 

sites  and  ages 

2, 631. 0 

476,460 

185, 530 

24,789,300 

131,645 

This  40-acre  tally  can  be  further  simplified  by  adding  all  site  and 
age  classes  together,  thus  obtaining  a  forty  estimate,  which,  however, 
has  no  use  in  the  yield  prediction. 

After  the  computations  are  completed  for  each  individual  tally 
sheet  they  are  combined  in  a  single  table  arranged  by  age  and  site 
classes,  in  which  each  age  and  site  class  contains  all  the  areas  of  that 
particular  category  in  the  whole  survejr.  This  grouping  is  necessary 
in  order  to  facilitate  further  computation,  except  for  small  areas  or 
those  where  the  types  are  not  complex. 

The  last  step  before  making  the  jrield  predictions  is  to  compute  the 
average  degree  of  stocking  found  m  the  various  site  and  age  classes. 
This  IS  done  by  dividing  the  total  basal  area  of  each  site-age  class 
by  the  number  of  acres  to  get  the  average  basal  area  per  acre  and 
then  comparing  this  with  the  basal  area  per  acre  of  the  lully  stocked 
or  normal  forest  of  the  same  age  and  site.  The  ratio  is  the  degree 
of  stocking  expressed  as  percentage  of  normal. 

For  instance,  in  Table  7,  "  age  80,  Site  III,"  has  a  total  basal  area 
of  23,840  square  feet  on  126.75  acres,  or  an  average  of  188.1  square 
feet  per  acre.    According  to  Table  2,  the  basal  area  of  this  age-site 
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class  in  the  normal  forest  is  259  square  feet.  Dividing  188.1  by  259 
gives  72.6  per  cent,  which  is  listed  as  72.5  per  cent  in  Table  8,  in 
which  normality  is  given  to  the  nearest  0,5  per  cent. 

Table  8. — Sample  form  for  comtmtation  of  yield  predictions  30  years  hence 


Area 


Normality 


Trees  12 
inches  or 
more  in 
diameter 


Corre- 
sponding 
Scribner- 
rule  nor- 
mality 


Predicted  volume  per  acre  for  nor- 
mal stocking 


Cubic 
measure 


Inter- 
national 
rule 


Scribner 
rule 


60-year 

80-year 

90-year 

100-year 

120-y6ar— . 

Total 


Acres 
13.10 

126.75 
88.55 

367.40 
82.65 


Per  cent 
31.0 
72.5 
63.0 
64.0 
57.5 


Per  cent 
40.5 
53.5 
55.0 
51.0 
56.0 


Per  cent 
46.5 
61.5 
63.0 
59.0 
64.0 


Cubic  feet 
12,390 
14,000 
14,600 
15,140 
16,080 


Board  feet 
86,700 
101,500 
107,200 
112,200 
121, 100 


Board  feet 
55,000 
69,400 
75,000 
80,000 
88,600 


Etc.,  etc.,  etc.,  for  all  remaining  site  and  age  classes 


2,631 


Age  class 


60-year- - 
80-year.- 
90-year-. 
100-year. 
120-year. 


Total. 


Predicted  volume  per  acre  reduced 
to  correspond  to  actual  stocking 


Cubic 

measure 


Cubic  feet 
3,841 
10,150 


Inter- 
national 
rule 


Board  feet 
26,  877 
73,588 
67,536 
71,808 
69,632 


Scribner 
rule 


Board  feet 
25,575 
42,  681 
47,250 
47,200 
56,709 


Predicted  volume  for  total  area 


Cubic 
measure 


Cubic  feet 

50,317 

1,  286,  512 

814,  483 
3,  560,  106 

763,257 


International 
rule 


Board  feet 

352,  089 

9, 327,  279 

5,  980,  313 

26,  382,  259 

5,  748, 122 


Scribner 
rule 


Board  feet 
335,032 
5, 409, 817 
4, 183,  988 
17,  341,  280 
4,  680, 915 


Etc.,  etc.,  etc.,  for  all  remaining  site  and  age  classes 


27,038,374       204,020,968      161,291,474 


Similarly  the  Scribner  board-foot  volume  ratio  of  normality  can 
be  computed ;  but  it  should  be  remembered  that  this  scale  rule,  being 
an  arbitrary  and  somewhat  erratic  unit  of  volume  measurement,  can 
not  be  expected  to  give  always  a  consistent  and  accurate  index  of  the 
stocking;  furthermore,  it  should  only  be  applied  to  site  and  age 
classes  in  which  the  majority  of  the  trees  are  over  12  inches  in  diam- 
eter. In  this  comparison  the  actual  number  of  trees  12  inches  and 
over  for  the  site-age  group  under  consideration  is  first  divided  by 
the  number  in  the  comparable  normal  stand.  (Table  4.)  Then, 
since  the  normality  ratios  of  trees  12  inches  and  larger  and  of 
Scribner-rule  volumes,  unlike  those  of  basal  area  and  cubic-foot  vol- 
ume, are  not  the  same,  it  is  necessary  to  adjust  the  percentage  of 
stand  to  get  the  correct  Scribner-rule  volume  ratios  of  normality 
according  to  Table  5.  For  instance,  if  the  percentage  of  normal 
number  of  trees  12  inches  and  larger  is  50,  the  percentage  of  Scribner- 
rule  volume  would  be  58,  and  the  latter  figure  would  be  entered 
in  the  compilation  table  under  "  Corresponding  Scribner-rule 
normality." 
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After  the  computation  of  the  degrees  of  stocking  of  all  age  and 
site  classes  have  been  made,  the  yield  predictions  themselves  can  be 
made.  Briefly,  this  is  done  by  reading  first  the  values  for  cubic-foot 
volume  or  board-foot  volume  from  the  normal-yield  tables  (Tables 
2,  3,  or  4)  at  the  age  for  which  the  prediction  is  to  be  made,  and  then 
reducing  them  by  the  proportion  that  the  actual  stand  is  under- 
stocked (or  enhancing  the  normal-yield  values  if  overstocked^,  and 
finally  applying  the  altered  figures  to  the  whole  area. 

In  the  example  given  in  Table  8  it  is  assumed  that  all  stands  will 
be  cut  30  years  hence. 

To  make  clear  the  several  steps  in  this  procedure,  a  single  line  of 
calculation  will  be  followed  through.  Age  class  60,  Site  III,  has  an 
area  of  13.1  acres,  a  total  basal  area  of  920  square  feet,  and  630 
trees  12  inches  or  more  in  diameter  at  breastheight.  The  normal 
values  per  acre  for  this  age  and  site  are  226  square  feet  basal  area 
and  118  trees  12  inches  and  larger.  (Tables  2  and  4.)  Tlie  gross 
basal  area  of  the  age-  class,  920  divided  by  13.1  and  then  divided 
again  by  226,  gives  31  per  cent  of  normal  stocking.  Similarly  630 
trees  divided  by  13.1  and  then  by  118  gives  40.75  per  cent,  the  ratio 
of  normality  in  number  of  trees  12  inches  and  larger.  According  to 
Table  5,  this  40.75  corresponds  to  a  Scribner-rule  volume  percentage 
of  normality  of  46.5.  These  values  are  then  entered  in  the  computa- 
tion form  under  "  Normality." 

Thirty  years  hence  this  60-year  stand  will  be  90  years  old.  The 
normal  values  at  this  age  for  volume  in  cubic  measure,  and  board 
measure  by  International  rule  and  Scribner  rule  are  12,390,  86,700, 
and  55,000  feet,  respectively,  and  are  listed  under  "  normal  stocking  " 
per  acre.  To  the  cubic-foot  volume  and  board-foot  volume  by  In- 
ternational rule  the  present  day  basal  area  normality  percentage  at 
60  years  (31  per  cent)  is  applied;  that  is  to  say,  12,390  and  86,700 
are  multiplied  by  31  per  cent  and  the  values  entered  in  the  columns 
marked  "  Keduced  for  actual  stocking."  The  normal  Scribner  vol- 
ume is  multiplied  by  46.5  per  cent  and  entered  in  the  third  column  of 
this  group.  Finally  the  reduced  amounts  are  multiplied  by  the 
total  acreage  and  the  results  entered  in  the  last  three  columns  as  the 
volume  30  years  hence  for  the  total  area. 

This  is  repeated  for  each  age-site  class  and  totaled  for  the  entire 
tract. 

The  question  may  arise  as  to  why  no  correction  was  made  in  this 
comparatively  young  age  class  (60  years)  for  the  advance  it  may 
make  to  a  normal  condition.  In  this  particular  survey  there  was 
only  13.1  acres  of  this  age  class  out  of  a  total  of  2,631  acres.  A 
correction  would  have  been  of  little  weight  in  the  final  result ;  and 
it  is  a  good  rule  in  practice  to  adopt  methods  to  fit  each  case  and  to 
avoid  refinements  when  they  are  useless. 

However,  to  exemplify  the  methods  through  which  correction  for 
advance  to  a  more  normal  condition  may  be  obtained,  the  13.1  acres 
in  age  class  60  will  be  treated  as  if  it  were  large  enough  to  be  of 
significance.  Stands  of  this  age — between  40  and  80  years  on  the 
average — are  expected  to  approach  a  more  normal  condition  at  a  rat€ 
of  about  4  per  cent  per  decaae.  In  30  years  the  increase  in  normality 
ratio  would  thus  be  12  per  cent,  which  when  added  to  the  actual 
percentages  of  31  and  46.5  for  basal  area  and  Scribner  volume  indi- 
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cate  ratios,  respectively,  of  43  and  58.5  per  cent.  Normal  volumes 
of  12,390  and  86,700  in  cubic  measure  and  board  measure  by  Inter- 
national rule  are  multiplied  by  43  and  board  measure  of  55,000  by 
Scribner  rule  by  58.5,  giving  predicted  volumes  per  acre  of  5,328  cubic 
feet,  37,281  board  feet  International  and  32,175  board  feet  Scribner. 
For  the  whole  acreage  in  age  class  60,  13.1  acres,  the  total  predicted 
volume  will  then  be  69,797  cubic  feet,  488,381  board  feet  Interna- 
tional, and  421,492  board  feet  Scribner,  compared  to  the  uncorrected 
volumes  of  50,317  cubic  feet,  and  of  352,089  and  335,032  board  feet, 
respectively.  In  actual  computations,  of  course,  the  volumes  would 
be  rounded  off  to  the  nearest  hundred  in  cubic  feet  and  the  nearest 
thousand  in  board  feet. 

After  the  computations  have  been  completed  and  before  the  report 
is  written,  the  results  should  be  arranged  in  suitable  summaries, 
covering  such  items  as — 

Area  of  each  type  expressed  in  acres  and  in  percentage  of  the  total. 

Area  of  each  site  and  age  class  of  second-growth  Douglas  fir  in  acres  and  in 
percentage  of  total  area  in  the  type. 

Average  stocking  (obtained  by  multiplying  the  areas  in  each  site-age  class 
by  the  degree  of  stocking,  summing  these  reduced  areas,  and  dividing  the  sum 
by  the  total  area  in  the  type). 

Predicted  volumes  in  cubic  feet,  board  feet  International,  and  in  board  feet 
Scribner. 

Additional  summaries  can  be  suggested  to  fit  each  case,  .such  as 
when  the  forty  estimates  are  of  consequence,  or  when  certain  areas 
are  blocked  out  for  cutting  while  others  remain  uncut  until  some 
future  time. 

ADDITIONAL  CONSIDERATIONS 

A  number  of  further  questions  are  likely  to  arise  in  the  application 
of  yield  tables.  One  question  is  in  regard  to  the  making  of  predic- 
tions for  cut-over  or  burned  areas  which  have  not  yet  become  re- 
stocked. On  areas  which  are  not  restocked  to  seedlings  but  which 
have  a  good  chance  to  stock,  a  period  of  one  to  five  years  must  be 
added  to  allow  for  one  or  two  good  seed  years. 

Uneven  agedness  of  a  forest  is  often  a  complicating  factor.  Acci- 
dents, such  as  fire,  may  overcome  the  tendency  of  second-growth 
Douglas  fir  to  be  strictly  even-aged,  and  make  a  stand  two-aged. 
When  this  is  so,  the  more  important  age  class — i.  e.,  the  one  with  the 
larger  amount  of  timber — should  be  used  when  calculating  the  stock- 
ing percentages.  Planted  forests  should  theoretically  have  a  more 
uniform  and  complete  stocking  than  natural  stands.  Especially 
where  survival  of  the  young  trees  has  been  good,  plantations  above 
normal  in  volume  stocking  might  be  looked  for.  As  no  artificial 
stands  were  investigated  in  this  study,  positive  information  on  this 
point  is  still  lacldng  for  Douglas  fir  forests. 

To  obtain  a  knowledge  of  the  variability  of  a  tract  and  of  the 
relation  of  its  stand  values  to  the  normal,  either  sample  strips  or 
sample  plots  may  be  measured.  This  study  showed  that,  if  the 
width  of  strip  is  properly  controlled,  sampling  by  strips  is  more 
reliable  than  sampling  by  plots,  in  spite  of  the  fact  that  as  a  general 
rule  the  error  incurred  in  the  measurement  of  a  plot  is  proportional 
to  the  length  of  its  perimeter.  The  variability  of  stocking  in  a 
forest  is  so  great  that  a  sample  strip  gives  a  truer  average  of  con- 
ditions than  a  series  of  sample  plots. 
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The  area  on  which  the  illustrative  survey  was  made  had  a  large 
assortment  of  age  classes,  great  diversity  of  types  and  sites,  and  a 
ruggedness  quite  typical  of  the  region,  and  therefore  made  a  good 
illustrative  area  to  work  out  every  complication  of  technic.  But  in 
many  actual  instances  conditions  would  be  more  regular,  and  the 
methods  could  be  modified  accordingly,  particularly  on  small  areas. 
The  smaller  the  area  the  less  will  be  the  variation  of  age  and  site 
class,  and  therefore  the  more  possible  will  it  be  to  treat  each  indi- 
vidual site  and  age  class  by  itself  instead  of  grouping  them  by  site- 
age  classes.  At  times  the  site-index  system  will  be  found  preferable 
and  will  give  more  accurate  results.  This  is  the  case  especially  in 
the  poor  site  classes  when  the  site  quality  does  not  fall  upon  the 
exact  center  of  the  class.  Thus,  stands  in  the  upper  range  of  Site  V 
will  have  contorted  Scribner  board-volume  percentages.  The  fact 
that  it  is  contorted  may  not  affect  the  predictions,  but  yet  gives  a 
wrong  impression  of  the  stocking.  Therefore,  if  the  areas  in  these 
sites  are  of  consequence,  an  apparently  more  correct  result  is  ob- 
tainable if  the  average  site  index  is  computed  and  checked  against 
the  site-class  value. 

CHECK  UPON  THE  METHOD  OF  COMPUTING  YIELDS 

An  approximate  check  upon  this  method  of  computing  yields  can 
be  made  by  applying  the  yield  tables  to  the  present  ages  and  com- 
paring the  yields  derived  in  this  way  with  the  actual  volumes  com- 
puted from  the  tally  sheets  directly.  In  the  illustrative  survey  this 
resulted  in  an  estimate  by  yield  tables  of  23,754,000  cubic  feet  and 
an  actual  computation  of  24,789,000  cubic  feet,  or  an  underestimate  of 
4.2  per  cent.  Computing  the  volume  in  board  feet  bv  Scribner  rule 
gave  an  underestimate  of  1.6  per  cent.  It  can  hardly  be  expected 
that  yield  calculations  will  always  attain  this  degree  of  accuracy. 

R^SUM^  OF  METHODS  OF  MAKING  YIELD  PREDICTIONS 

The  preceding  pages  have  shown  the  relationship  of  the  actual 
forest  to  the  normal,  the  reasons  why  the  former  is  usually  under- 
stocked, and  the  methods  of  judging  the  degree  of  understoclring ; 
and  the  technic  of  making  an  actual  yield  survey  of  an  extensive 
tract  has  been  described.  The  principal  allowances  to  make  in  using 
normal  tables  for  yield  predictions  of  actual  tracts  may  be  briefly 
summed  up  as  follows: 

1.  Before  classifying  in  site  and  age  groups  the  area  for  which 
yield  predictions  are  to  be  made,  the  areas  of  surveyable  openings 
and  or  other  types  are  taken  out. 

2.  The  stand  values  of  each  site  and  age  group  are  discounted 
by  the  percentage  that  each  is  understocked  (or  overstocked),  basal 
area  being  used  as  the  index  of  normality. 

3.  In  understocked  stands  between  40  and  80  years  of  age,  allow 
for  progress  toward  normality  at  the  rate  of  4  per  cent  each  decade. 

4.  If  the  slopes  are  markedly  different  from  those  for  which  the 
normal-yield  tables  were  prepared,  increase  (or  decrease)  the  pre- 
dicted yields  accordingly.  (This  applies  only  when  an  actual  stand 
tally  has  not  been  made.) 
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5.  Discount  the  predicted  yield  for  assumed  defect,  breakage,  and 
probable  waste  in  wood  utilization. 

6.  Where  restocking  is  not  established  add  a  sufficient  number  of 
years  to  the  rotation  period  to  assure  it. 

Yield  predictions  of  course  assume  good  silviculture  and  good 
protection.  If  the  stand  is  prevented  from  restocking  as  expected, 
or  if  disastrous  fires  thin  down  the  stand,  the  most  carefully  made 
yield  predictions  will  be  quite  futile. 

The  first  requisites  of  accurate  yield  prediction  are  a  thorough 
knowledge  of  the  forest,  accurate  determination  of  age,  site,  and 
area,  correct  stand  tallies,  and  good  judgment  as  to  what  the  stand 
will  do.  The  mechanics  of  applying  the  tables  and  making  the 
several  mathematical  allowances  is  secondary  to  "  Imowing  your 
forest " 

INCREMENT  TABLES 

The  mean  annual  increments  in  cubic  feet,  in  board  feet  by  the 
International  rule,  and  in  board  feet  by  the  Scribner  rule,  are  given 
in  Table  9,  and  are  also  shown  graphically  in  Figures  11  to  16. 

Table  9. — Mean  annunl  increment  on  a  fully  stocked  acre  according  to  three 
units  of  measurement:  (1)  Cubic  feet;  (2)  hoard  feet,  Scribner  rule;  and 
(3)  board  feet,  IntematioTial  rule,  (^-iwoi^  herf) 

CUBIC  FEETi 


Total  age 

Site  class 

Total  age 
(years) 

Site  class 

(years) 

I 

II 

III 

IV 

V 

I 

II 

m 

TV 

V 

20    

92 
158 
188 
203 
208 
207 
204 
198 

77 
136 
164 
177 
181 
181 
178 
173 

63 
109 
131 
141 
144 
144 
142 
138 

44 

76 
89 
96 
98 
98 
96 
93 

26 
44 
53 
57 
58 
58 
57 
66 

100 

191 
183 
176 
168 
161 
154 
148 

166 
160 
153 
146 
140 
134 
130 

133 
127 
121 
116 
111 
106 
103 

90 

86 
82 
79 
75 
72 
69 

53 

30 

110         .  .      - 

51 

40 

120. 

49 

50 

130          

46 

60 

140-. 

44 

70 

150 

43 

80 

160      . 

42 

90... 

BOARD  FEET,  SCRIBNER  RULE* 


20 

267 
610 

87 
298 

4 
112 

5 

880 

540 

248 

66 

1,033 

714 

396 

140 

18 

1,117 

820 

506 

201 

36 

1,154 

878 

571 

250 

58 

1,160 

900 

609 

290 

77 

100 
110 
120 
130 
140 
150 
160 


1,149 

902 

626 

314 

1,125 

894 

630 

330 

1,092 

876 

625 

340 

1,059 

851 

613 

345 

1,025 

830 

601 

349 

990 

808 

590 

349 

959 

786 

578 

346 

96 
111 
122 
130 
137 
142 
146 


BOARD 

FEET, 

INTERNATIONAL 

RULE 

8 

20. 

246 
813 
1,186 
1,410 
1,612 
1,650 
1,655 
1.530 

80 
540 
880 
1,100 
1,214 
1,280 
1,285 
1,274 

100           ... 

1,489 
1,432 
1,382 
1,322 
1,271 
1,222 
1,178 

1,238 
1,19C 
1,166 
1, 116 
1,076 
1,040 
1,018 

947 
920 
896 
864 
838 
809 
781 

580 
574 
562 
549 
531 
520 
500 

288 

30 

260 
550 
742 
864 
937 
966 
961 

50 
230 
380 

482 
542 
572 
578 

■""'so 

118 
175 
220 
254 
277 

110 

295 

40-- 

120 

293 

50. 

130 

288 

60--. 

140 

282 

70 

150 

278 

80 

160 

275 

90 

^  Volume  in  cubic  feet  includes  all  trees. 

^  Volume  in  board  feet  by  the  Scribner  rule  includes  only  those  trees  12  inches  or  more 
in  diameter. 

8  Volume  in  board  feet  by  the  International  rule  includes  only  those  trees  7  inches  or 
more  in  diameter. 
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yoar  periods  are  used 
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The  periodic  annual  increments,  by  10-year  periods,  are  given  in 
cubic  feet,  International  board  leet,  and  Scribner  board  feet  in 
Table  10,  and  are  also  illustrated  in  Figures  11  to  16. 

Table  10. — Periodic  anmial  increment  on  a  fully  stocked  acre  according  to 
three  units  of  measurement:  (1)  Cubic  feet;  (2)  board  feet,  Scribner  rule; 
and  (S)  board  feet,  International  rule  {Ys-inch  kerf) 

CUBIC  FEETi 


Site  Class 

Site  class 

Age  period 

Age  period 
(years) 

(ye^s) 

I 

n 

in 

IV 

V 

I 

n 

in 

IV 

V 

20  to  30 

292 

266 

205 

140 

81 

90  to  100 

127 

no 

87 

60 

35 

30  to  40 

276 

243 

194 

132 

78 

100  to  110 

106 

92 

72 

50 

29 

40  to  50 

258 

225 

180 

121 

73 

110  to  120 

88 

77 

61 

42 

26 

60  to  60 

236 

203 

163 

109 

66 

120  to  130 

76 

66 

63 

37 

23 

60  to  70 

210 

180 

148 

96 

68 

130  to  140 

08 

69 

47 

33 

21 

70  to  80 

182 

166 

125 

83 

49 

140  to  150 

64 

54 

43 

30 

18 

80  to  90 

165 

132 

104 

71 

41 

160  to  160 

61 

62 

41 

28 

16 

BOARD  FEET,  SCRIBNER  RULE  «' 


20  to  30 

760 
1,665 
1,960 
1,806 
1,625 
1,430 
1,230 

30  to  40- 

930 
1,540 
1,560 
1,440 
1,280 
1,106 

420 

790 

1,140 

1,140 

1,050 

930 

40  to  60 

60  to  60 

60  to  70 

70  to  80 

80  to  90 

310 
480 

585 
610 
585 

130 
200 
250 

90  to  100.. 
100  to  110. 
110  to  120. 
120  to  130. 
130  to  140 
140  to  150 
150  to  160 


1,030 

940 

780 

540 

870 

790 

660 

490 

740 

680 

560 

440 

646 

690 

600 

395 

575 

630 

460 

355 

620 

485 

410 

325 

480 

460 

380 

300 

270 
260 
245 
230 
220 
205 
200 


BOARD  FEfcT,  INTERNATIONAL  RULE  a 


20  to  30 
30  to  40 
40  to  60 
60  to  60 
60  to  70 
70  to  80 
80  to  90 


1,890 

1,320 
1,890 

840 

2,260 

1,370 

700 

2,320 

2,000 

1,520 

980 

340 

2,060 

1,820 

1,490 

1,000 

450 

1,800 

1,600 

1,340 

890 

490 

1,540 

1,390 

1,160 

780 

490 

1,320 

1,170 

990 

680 

460 

90  to  100.. 
100  to  110 
110  to  120 
120  to  130 
130  to  140 
140  to  160 
150  to  160 


1,100 

970 

830 

680 

900 

810 

680 

600 

760 

680 

570 

430 

660 

590 

500 

380 

590 

530 

450 

340 

530 

480 

420 

320 

480 

440 

380 

300 

320 
270 
240 
220 
210 
200 


^  Volume  in  cubic  feet  includes  all  trees. 

"  Volume  in  board  feet  by  the  Scribner  rule  includes  only  those  trees  12  inches  or  more 
in  diameter. 

8  Volume  in  board  feet  by  the  International  rule  includes  only  those  trees  7  inches  or 
more  in  diameter. 
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Figure  13. — Mean  annual  increment  per  acre  in  board  feet  by  the  International  log 
rule  for  trees  7  inches  in  diameter  and  larger 
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FiQUiRB  15. — Mean  annual  increment  per  acre  in  board  feet  by  the  Scrlbner  log  rule 
for  trees  12  inches  in  diameter  and  larger 
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Figure  16. — Periodic  annual  increment  per  acre  in  board  feet  by  the  Scribner 
log  rule  for  trees  12  inches  in  diameter  and  larger.     Ten-year  periods  are  used 

The  mean  annual  increments  indicate  for  any  given  age  of  stand 
the  average  yearly  increase  in  volume  per  acre  up  to  that  age. 
That  is,  if  a  forest  on  Site  I  were  cut  at  40  years  of  age,  the  aver- 
age yearly  increase  in  volume  would  be  only  188  cubic  feet  per 
acre;  if  cut  at  60  years,  the  average  yearly  growth  would  be  208 
cubic  feet ;  or  if  cut  at  100  years,  191  cubic  feet  per  acre. 

The  rate  of  volume  growth  is  not  constant  throughout  the  life  of 
a  forest;  hence  the  average  annual  increase  in  volume  reaches  a 
maximum  and  thereafter  diminishes.  Thus  a  forest  on  Site  I 
reaches  the  maximum  of  average  annual  increase  in  Scribner  board- 
foot  volume  at  about  90  years  of  age. 
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The  periodic  annual  increment,  as  used  in  these  tables,  indicates 
the  decade  of  most  rapid  volume  growth.  The  largest  yearly  in- 
creases in  cubic-foot  volume,  for  example,  occur,  in  forests  on  Site  I, 
during  the  third  decade  of  their  life.  During  this  period  292  cubic 
feet  per  acre  are  added  annually,  whereas  only  236  cubic  feet  per 
year  are  produced  during  the  50  to  60  year  period,  and  106  cuoic 
feet  per  year  during  the  100  to  110  year  period. 

The  amount  of  increase  varies  according  to  the  productive  capacity 
of  the  site.  During  the  decade  of  greatest  productivity  a  forest  on 
Site  V  adds  annually  only  270  Scribner  board  feet  per  acre,  whereas 
on  Site  I  an  average  of  1,960  board  feet  is  produced  during  the 
decade  of  most  rapid  volume  growth. 

A  thorough  discussion  of  the  choice  of  rotation  age  and  other 
problems  of  forest  management  is  obviously  beyond  the  scope  of  this 
bulletin.  Theoretically,  the  age  at  which  to  harvest  the  forest 
crop  is  the  age  at  which  mean  annual  increment  culminates,  since 
this  coincides  with  the  period  of  maximum  average  annual  increase 
in  volume.  But  so  many  other  factors  than  maximum  quantity 
production  in  minimum  time  enter  into  a  choice  of  rotation  age 
that  each  case  must  be  decided  according  to  the  prevailing  conditions. 
It  may  be  that  quality  instead  of  quantity  is  desired,  or  that  finan- 
cially it  is  impossible  to  withhold  cutting  until  the  time  of  maximum 
volume  production,  or  that  trees  of  a  certain  size  are  desired  for  a 
certain  purpose;  any  one  of  these  considerations  alone  will  then 
control  the  length  of  rotation.  All  these  points  and  many  others 
must  be  taken  into  account  when  deciding  upon  a  suitable  rotation 
for  a  crop  of  timber. 

STAND  TABLES 

For  some  purposes  it  is  essential  to  know  the  approximate  number 
of  trees  in  each  diameter  class.  Table  11  shows  for  selected  site 
qualities  the  approximate  number  of  trees  in  each  2-inch  diameter 
class  at  various  periods  in  the  life  of  a  stand  from  20  to  160  years 
of  age.  Additional  tables  for  other  ages  and  site  qualities  may 
be  prepared  by  following  the  procedure  outlined  in  the  appendix. 
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Table  11. — Stand  table  for  Douglas  fir^ 

SITE  I 


2-inch-diameter  class 

Number  of  trees  by  age  classes 

20  years 

40  years 

60  years 

80  years 

100  years 

120  years 

140  years 

160  years 

2-3 

131 
223 

167 
fiO 

4-6            

8 
27 
42 
48 
43 
36 
20 
11 

6 

6-7 

8-9  ._ 

7 
12 
16 
18 
18 
19 
16 
13 
9 
6 
5 

10-11                          -  - 

3 
4 
8 
9 
10 
11 
10 
10 
9 
8 
6 
4 
3 
2 

12-13 

2 
2 
6 
6 
6 
7 
7 
6 
7 
7 
6 
4 
4 
2 
2 
2 

14-16        

2 
2 
3 
4 
4 
5 
6 
5 
5 
6 
6 
5 
4 
3 
2 
1 
1 
1 

16-17 

1 
2 
2 
3 
4 
4 
4 
4 
4 
5 
4 
4 
4 
3 
2 
2 
1 
1 
1 

18-19  

20-21 

22-23 

24-25 

26-27 

28-29  

30-31 

82-33 

84-36 

36-37 

38-39 

40-41 

42-43    . 

44-46. 

46-47 

48-49 

60-51 

Over  50 

Total 

571 

240 

138 

97 

75 

63 

65 

SITE  II 


a-3 

398 
363 
119 

9 
60 
89 
90 
77 
41 
19 

4-6 

3 
13 
33 
35 
38 
38 
30 
20 
10 

8 

6-7 

3 

6 
16 
20 
22 
21 
20 
19 
14 
8 
6 
6 

8-9 

3 
4 
10 
13 
13 
14 
16 
13 
13 
10 
6 
4 
3 
2 

10-11 ^ 

3 
4 
7 
9 
10 
10 
11 
11 
9 
9 
6 
6 
3 
2 
2 

12-13-. 

3 
4 
6 
8 
8 
8 
9 
8 
8 
7 
7 
4 
3 
3 
2 

2 

14-16. 

2 

16-17  

3 

1^19 

5 

20-21 

6 

22-23 

7 

24-26 

7 

26-27 

7 

28-29 

7 

30-31 

6 

32-33 

6 

34-36 

6 

36-37 

6 

38-39 

3 

40-41 

2 

42-43 

2 

44-45 

2 

Total 

880 

385 

228 

159 

123 

101 

88 

78 

1  Table  11  shows  for  a  fully  stocked  acre  the  approximate  number  of  trees  in  each  2-inch  diameter  group 
for  given  ages  and  site  qualities.  In  this  table  the  total  number  of  trees  will  check  with  the  values  given 
in  Table  2,  but  the  nimiber  of  trees  7  inches  and  larger  and  12  inches  and  larger  in  diameter  may  not  always 
be  identical  with  the  values  for  corresponding  ages  and  site  qualities  as  given  in  Tables  3  and  4.  This  dis- 
crepancy is  to  be  expected  since  stand  tables  are,  at  best,  only  an  approximation;  their  purpose  is  only  to 
illustrate  in  about  what  order  the  trees  are  distributed  among  the  various  diameter  classes. 
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Table  11. — Stand  table  for  Douglas  fir — Continued 

SITE   III 


Mnch-dlameter  class 

Number  of  trees  by  age  classes 

20  years 

40  years 

60  years 

80  years 

100  years 

120  years 

140  years 

160  years 

^3 

62 
159 
175 
129 
54 
X6 

4-6 

22 
54 
67 
73 
55 
39 
18 
9 

6-7                  

14 
29 
35 
39 
37 
32 
22 
14 
10 

8-9 

15 
21 
24 
26 
26 
23 
21 
13 
8 
7 

6 
10 
16 
19 
19 
20 
18 
15 
13 
7 
5 
4 

3 
5 
10 
14 
14 
16 
16 
14 
13 
10 
6 
5 
5 

10-11 

12-13                   -  -  - 

14-16 

16-17    

18-19 

20-21 

22-23               .  .      . 

24-25 

26-27        

28-29 

30-31 

32-33 

34-35 

36-37               

2 

Total 

585 

337 

232 

184 

152 

131 

117 

SITE  IV 


2-3        

261 

353 

234 

79 

22 
103 
129 
121 
83 
32 
10 

4-6 

25 
58 
57 
85 
61 
36 
16 
7 

6-7      

33 
44 
46 
49 
45 
27 
16 
11 

13 
27 
32 
38 
36 
30 
23 
14 
7 
4 

7 
14 
25 
27 
30 
28 
25 
18 
10 
7 
4 

3 

8-9                  

9 

10-11  

19 

12-13        

22 

14-16 

24 

16-17    

24 

18-19 

22 

20-21     

21 

22-23                   .  -  . 

13 

24-26 

9 

26-27        

6 

28-29 

4 



....          . 

Total       .      .  - 

927 

500 

345 

271 

224 

196 

175 

SITE  V 


2-3             

148 

305 

214 

91 

22 

16 
90 
125 
132 
100 
45 
18 

8 
57 
92 
97 
85 
42 
22 

4-5 

26 
67 
69 
73 
56 
32 
18 

11 

II 

57 
50 
43 
19 
16 

6 

6-7        

21 

8-9 

41 

10-11    

45 

12-13                  

43 

14-15 

42 

16-17               

26 

18-19 

15 

20-21 

11 

Total 

780 

525 

403 

331 

284 

250 
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VOLUME  TABLES 

The  volumes  of  the  trees  on  the  sample  plots  of  the  yield  study 
were  computed  with  the  aid  of  volume  tables.  Tables  12  to  16 
cover  volumes  in  cubic  feet  classified  by  diameter  and  total  height 
of  trees;  merchantable  volume  in  board  feet,  Scribner  rule,  classi- 
fied by  diameter  and  log  lengths,  and  by  diameter  and  total  height 
of  trees ;  and  merchantable  volume  in  board  feet,  International  rule, 
classified  by  diameter  and  log  lengths,  and  by  diameter  and  total 
height  of  trees. 

These  volume  tables  are  based  on  the  measurement  of  nearly  2,000 
trees,  most  of  which  were  obtained  in  1909  by  T.  T.  Munger,  of  the 
Forest  Service,  and  the  rest  in  1921-1924  by  J.  S.  Boyce,  then  of  the 
Bureau  of  Plant  Industry.  The  tables  were  constructed  by  the 
author  according  to  the  procedure  developed  by  Donald  Bruce  and 
L.  H.  Reineke  of  the  Forest  Service. 

The  volumes  shown  in  the  tables  include  no  allowance  for  defect 
(all  the  trees  measured  having  been  scaled  full).  These  tables  are 
applicable  to  Douglas  fir  trees  less  than  160  years  old  which  are 
within  the  specified  range  of  diameters  and  heights. 
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APPENDIX 
BASIC  DATA 

It  was  impractical  to  get  measurements  of  forests  for  every  age  and  site 
quality,  but  a  good  distribution  among  the  possible  combinations  of  age  and 
site  quality  was  obtained.  Table  17  shows  the  distribution  by  age  and  site 
index  classes  of  the  forests  forming  the  basis  for  these  yield  tables. 

The  geographical  distribution  of  the  sample  plots  has  been  illustrated  in 
Figure  1.  No  attempt  was  made  to  have  an  equal  number  of  plots  for  every 
county ;  in  some  counties  there  are  only  a  few  age-site  quality  combinations  and 
for  these  counties  there  were  fewer  plots  measured  than  for  counties  where 
there  are  many  varieties  of  growth  conditions.  In  Oregon,  128  tracts  were 
measured  comprising  1,008  plots;  and  in  Washington,  133  tracts  comprising 
1,044  plots. 


Table  17.- 

—Distribution  o 

f  composite  plots  hy  a,ge  and  site-index  classei 

r 

Distribution  by  site-index  class 

Age  class 

80 
to 
89 

90 
to 
99 

100 
to 
109 

no 
to 
119 

120 
to 
129 

130 
to 
139 

140 
to 
149 

150 
to 
159 

160 
to 
169 

170 
to 
179 

180 
to 
189 

190 
to 
199 

200 
to 
209 

210 
to 
219 

Total 

20  to  29                     

2 

2 

1 

..... 

..... 

3 

2 
4 
2 
5 
5 
3 
5 

2 
4 

6 
6 
9 
9 
2 
1 
3 
1 

1 
6 
2 
12 
13 
7 
2 

6 

30  to  39 

1 
3 
3 
3 
3 
1 

1 
1 
1 
6 

I 

2 

1 

18 

40  to  49 

1 



1 

1 
..... 

1 

2 
2 
3 

3 
9 
8 
6 
2 
..... 

4 

6 
2 

4 

3 

1 
2 
1 
2 

26 

60  to  59 

48 

60  to  69 

1 
1 

1 

50 

70  to  79 

45 

80  to  89 

15 

90  to  99 

8 

100  to  109 

9 

110  to  119 

1 

4 

120  to  129 

1 

2 

7 

130  to  139 

1 

4 

140  to  149 

1 

3 

160  to  159 

160  to  169 

0 

170  to  179 

1 

1 

Total 

3 

' 

4 

8 

14 

15 

28 

42 

51 

32 

26 

17 

3 

1 

245 

In  these  tabulations,  a  "  tract "  represents  a  forest  of  uniform  age  and  site 
quality  in  which  a  group  of  plots  were  measured.  The  number  of  plots  per 
tract  varied  from  1  to  33,  but,  as  a  rule,  each  tract  comprised  5  to  10  plots. 
The  original  field  work  before  any  plots  were  discarded  covered  the  following :  " 

Tracts 261 

Individual  plots 2, 052 

Total  acreage  of  plots 1,371.05 

The  plots  varied  in  size  from  one-sixteenth  of  an  acre  to  4  acres.  The  dis- 
tribution of  plots  by  size  is  shown  in  Table  18. 


Tahlb  18.- 

— Distribution  of  individual  plots  hy  size  of  plot 

Size  of  plot 

Plot 

Size  of  plot 

Plot 

Number 

21 

38 

414 

605 

16 

1  acre 

Number 
953 

L2  Q(>f  Q 

2  acres  

1 

XjT  acre 

4  acres 

1 

Total        

1^  acre 

2.049 

TECHNIC  OF   PREPARING  YIELD  TABLES 

FIELD  WORK 

It  is  customary  in  constructing  yield  tables  to  select  a  single  plot  as  repre- 
sentative of  a  forest  tract  of  uniform  age  and  site  quality.     (PI.  8.)     In  this 


"  These   figures   include   a   few   periodic   measurements   of  permanent   sample   plots   In 
Douglas  fir,  each  remeasurement  being  considored  as  a  tract. 
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study  it  was  possible  to  take  advantage  of  the  natural  occurrence  of  Douglas 
fir  in  extensive  even-aged  stands  of  uniform  site  quality  and  to  measure  several 
plots  in  eacn  forest.  The  group  of  plots  for  each  forest  subsequently  was 
averaged  to  obtain  a  composite  plot.  By  thus  sampling  the  seemingly  homo- 
geneous conditions  in  various  parts  of  each  forest,  more  accurate  yield  tables 
have  been  obtained  than  would  be  possible  with  but  one  plot  to  the  tract,  no 
matter  how  carefully  it  might  be  selected.  This  assumption  was  supported 
when  the  data  were  analyzed,  for  although  each  plot  of  a  tract  was  selected 
by  inspection  as  representing  normal  stocking,  considerable  variation  was 
found  between  sister  plots  in  the  same  tract. 

The  plot  boundaries  were  surveyed  with  a  compass  and  steel  tape.  All 
plots  except,  perhaps,  half  a  dozen  were  square.  Arbitrary  limits  of  error 
in  closure  of  plot  surveys  were  set  at  3  feet  for  1-acre  plots,  2  feet  for  half-acte 
plots,  and  1  foot  for  quarter-acre  plots. 

All  living  trees  on  the  plots  were  calipered  and  recorded  by  inch  classes 
according  to  species.  Hardwoods  and  the  small  trees  of  the  understory, 
although  they  were  not  used  in  the  yield  computations,  were  measured  for 
diameter  and  recorded. 

For  each  tract  enough  total-height  measurements  were  taken  with  steel  tape 
and  Abney  level  (or  Forest  Service  hypsometer)  to  draft  a  curve  of  height 
over  diameter."  These  trees  were  selected  throughout  the  tract  and  were 
representative  of  the  group  of  plots. 

Age  determinations  were  made  by  counting  the  annual  rings  on  increment 
borings,  or  on  stumps  where  a  part  of  the  stand  was  being  logged  adjacent 
to  the  plots.  The  age  counts  were  made  throughout  the  stand  on  representa- 
tive trees  of  every  crown  class,  although  most  attention  was  given  to  the  domi- 
nant and  codominant  trees  because  the  average  age  of  these  trees  was  taken 
as  the  age  of  the  stand.  Since  the  age  determinations  were  usually  made  at 
several  feet  above  the  ground  level,  it  was  necessary  to  add  to  the  ages  obtained 
at  these  heights  the  number  of  years  required  to  reach  the  height  of  stump  or 
increment  boring.  Table  19,  based  on  1,228  measurements  of  dominant  Douglas 
fir  seedlings,  was  used  to  convert  the  ring  count  to  total  age. 

Table  19. — Height  growth  of  dominant  Douglas  fir  seedlings 


Height  above 
ground  (feet) 

Growing  period  required,  by  site  classes— 

I 

II 

III 

IV 

V 

1 

Years 
3 
4 
5 
6 
7 

Years 
3 

6 
6 

7 
8 

Years 
3 
6 

7 
8 
9 

Years 
4 
6 
8 
9 
10 

Years 

6 

7 

9 
10 
11 

2 

3 

4 

5 

For  each  forest  in  which  measurements  were  taken  a  description  was  pre- 
pared recording  details  of  the  stand  as  a  whole.  The  following  items  were 
included  in  this  description:  Location,  relief,  field  estimate  of  site  quality, 
soil,  ground  cover,  underbrush,  reproduction,  the  stand  itself,  injuries,  and 
Iiistory  of  the  stand. 

OFFICE  COMPUTATIONS 

The  first  step  in  the  oflSce  computations  was  the  elimination  of  tracts  that 
could  not  be  used.  Certain  essential  information  pertaining  to  some  tracts 
apparently  had  been  lost  in  the  years  between  1911  and  1924;  other  tracts 
obviously  were  unsuitable  because  of  indeterminate  age,  or  because  the  stand 
had  been  thinned  or  cut  into.  Sixteen  tracts  comprising  46  plots  (32.725  acres) 
were  so  discarded. 

Individual  plots  of  some  of  the  remaining  tracts  likewise  were  discarded 
because  species  other  than  Douglas  fir  predominated  or  because  there  was 
doubt  as  to  the  uniformity  of  age  as  compared  with  the  other  plots  of  the 
same  tract.     Seventeen  plots  (15.525  acres)  were  so  eliminated. 

"The  height  measurement  of  trees  on  steep  slopes  was  greatly  facilitated  by  the  devel- 
opment of  a  method  permitting  the  use  of  surface  measure  instead  of  horizontal  measure 
in  obtaining  the  distance  from  the  observer  to  the  tree.  A  full  description  of  this  method 
has  been  published  by  R.  E.  McArdle  and  R.  A.  Chapman  (6). 
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The  remaining  plots  were  then  analyzed  by  tracts.  Individual  plots  were 
discarded  if  their  total  basal  area  differed  from  the  average  basal  area  of 
the  tract  by  more  than  twice  the  standard  deviation  about  the  average. 
Seventy-three  plots  (48.51  acres)  were  so  eliminated  because  of  overstocking 
or  understocking.  There  were  left,  after  the  elimination  of  these  data,  245 
tracts  comprising  1,916  individual  plots. 

The  remaining  plots  of  each  tract  were  combined  into  one  composite  plot 
to  be  used  in  all  subsequent  analyses  as  representative  of  that  particular 
site  and  age  class.  This  was  done  by  averaging  the  number  of  trees  in  each 
diameter  class,  and  converting  these  averages,  where  necessary,  to  a  1-acre 
basis.  The  basal  area  of  each  diameter  class  of  the  composite  plot  was  com- 
puted. From  a  curve  of  height  over  diameter  the  average  height  of  each 
diameter  class  was  obtained.  The  cubic-foot.  International  board-foot,  and 
Scribner  board-foot  volumes  for  each  diameter  class  were  computed  with  the 
aid  of  volume  tables.  (Tables  12,  14,  and  16.)  Totals  for  each  of  the  five 
items  (number  of  trees,  basal  area,  and  the  three  volumes)  were  obtained  for 
(1)  the  total  stand,  (2)  the  stand  7  inches  in  diameter  and  larger,  and  (3) 
the  stand  12  inches  in  diameter  and  larger.  The  basal  area  of  the  average 
tree  was  obtained  by  dividing  the  total  basal  area  of  the  composite  plot  by  the 
total  number  of  trees.  The  age  of  a  composite  plot  and  the  average  height  of 
its  dominant  and  codominant  trees"  were  taken  from  the  measurements  of 
the  tract  represented  by  the  composite  plot. 

Table  20. — Check  of  yield  tables  against  basic  data  (deviation  of  actual  values  from 

estimated  values) 

TOTAL  STAND 


Table 

Deviation 

Aggregate 

Average 

Number  of  trees 

Per  cent 

-0.27 

+.63 

+.69 

+1.97 

Per  cent 
19  5 

Basal  area 

11  4 

Cubic  volume 

13  05 

Basal  area  of  average  tree 

21.4 

STAND  7  INCHES  OR  MORE  IN  DIAMETER 

Number  of  trees 

-f-0.74 

+1.55 

+1.13 

+.08 

Basal  area 

14.1 

Cubic  volume... 

International  board-foot  volume 

16.6 

STANE 

12  INCHES  OR  MORE  IN  DIAMETER 

Number  of  trees 

-fO.55 
+3.87 
+2.99 
+3.55 
+2.65 

Basal  area 

23.1 

Cubic  volume 

International  board-foot  volume 

Scribner  board-foot  volume 

23.1 

"  The  height-diameter  tallies  of  a  tract  showed  specifically  which  of  the  trees  measured 
for  height  were  in  the  dominant  and  codominant  crown  classes.  When  the  data  for  some 
of  the  earlier  measured  tracts  were  examined  it  was  discovered  that  the  height  tally 
sheets  showed  onlv  diameter  and  height,  and  had  no  note  concerning  crown  classes.  It 
would  ordinarily  have  been  Impossible  to  determine  the  site  quality  of  these  tracts  on 
the  basis  of  the  average  height  for  dominant  and  codominant  trees.  Experimentation 
with  data  of  tracts  for  which  there  was  complete  information  showed  a  relationship 
between  the  dominant  and  codominant  trees  and  the  rest  of  the  stand  and  thus  permitted 
the  use  of  some  of  the  data  which  otherwise  could  not  have  been  used.  It  was  found 
that  the  dominant  and  codominant  trees  constituted  55  per  cent  of  the  entire  range  In 
diameter  classes  of  a  tract.  In  young  stands  this  range  included  only  a  few  sizes  of 
trees  because  the  entire  range  of  diameters  was  small ;  old  stands  had  a  wide  range  In 
sizes  and  the  dominant  and  codominant  classes  therefore  included  more  diameter  classes 
than  the  young  stands.  With  this  knowledge  it  was  possible  to  determine  the  probable 
lower  diameter  limit  of  the  dominant  and  codominant  crown  classes.  Then  from  the 
height  tally  or  from  the  height-diameter  curve  the  average  height  of  the  trees  in  these 
classes  was  obtained.  A  somewhat  different  method  of  approach  to  this  problem  would 
be  to  compare  the  average  diameter  of  all  crown  classes  combined  with  the  average 
diameter  of  the  dominant  and  codominant  classes. 
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From  this  point  on,  the  composite  plots  were  treated  exactly  as  the  single  plots 
of  the  ordinary  yield  study.  The  method  used  is  that  developed  by  Donald  Bruce 
for  the  yield  study  of  southern  yellow  pine  (1).  Briefly,  the  procedure  is  as 
follows: 

Prepare  curves  representing  site  index. 

Construct  preliminary  curves  of  total  basal  area. 

Reject  plots  which  have  erratic  values  for  total  basal  area.  (The  application 
of  two  standard  deviations  centered  on  the  mean  resulted  in  the  Douglas  fir  yield 
study  in  the  elimination  of  10  composite  plots,  representing  49  individual  plots 
or  22  acres.) 

Using  the  accepted  data,  construct  four  basic  tables — total  basal  area,  basal 
area  of  average  tree,  total  number  of  treeS;  and  cubic-foot  volume. 

Tables  for  the  stand  7  inches  in  diameter  and  larger  and  for  the  stand  12  inches 
in  diameter  and  larger  are  derived  by  means  of  conversion  factors  from  the  tables 
for  the  total  stand. 

The  yield  tables  were  checked  against  the  data  from  which  they  were  con- 
structed.    These  checks  are  given  in  Table  20. 

The  final  basis  for  the  yield  tables,  when  all  data,  for  whatever  cause,  had  been 
eliminated,  was  as  follows: 

Composite  plots  (tracts),  235. 

Individual  plots  involved,  1,867. 

Total  area,  acres,  1,252.29. 

Stand  tables  were  originally  prepared  by  plotting  on  logarithmic-probability 
paper  the  percentage  distribution  of  number  of  trees  in  each  diameter  class,  as 
described  by  Bruce  (1).  The  computation  of  these  stand  values  is  simplified  by 
an  alignment  chart  recently  devised  by  L.  H.  Reineke  and  presented  here  as 
Figure"  17. 
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Figure  17.— Stand  table  alignment  chart. 
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To  use  this  chart  a  straightedge  is  laid  across  the  three  graduated  scales,  inter- 
secting the  scale  for  lower  diameter  limit  at  the  desired  figure,  and  the  scale  for 
average  diameter  at  the  figure  corresponding  to  the  diameter  of  the  average  tree 
of  the  total  stand.  (Table  2.)  The  stand  of  trees  above  the  selected  lower  diam- 
eter limit  is  then  read  on  the  scale  at  the  extreme  right,  in  percentage  of  total 
number  of  trees.  After  computing  the  number  of  trees  above  successive  lower 
diameter  limits  the  number  of  trees  in  each  diameter  group  is  subtracted  from 
the  number  in  the  group  immediately  preceding  to  obtain  the  number  of  trees  in 
each  group.     The  sample  computation  given  in  Table  21  will  make  this  clear. 


Table  21. — Sample  computation  of  stand  table 


Diameter-class 
group 

Lower 

diameter 

limit 

Trees  above  lower 
limit 

Trees  in 
group 

Inches 
4-5 

6-7      . 

Inches 
3.5 
5.5 
7.5 
9.5 
11.5 
13.5 
15.5 
17.5 

Percent 

100.0 

93.5 

77.5 

57.5 

36.0 

19.5 

8.0 

2.7 

Number 

337 

315 

261 

194 

121 

65 

27 

9 

Number 
22 
54 
67 
73 
55 
39 
18 
9 

8-9 

10-ii 

12-13 

14-15 

16-17 

18  and  over 

Total 

337 

Age, 


years;  site  index,  140;  diameter  of  average  tree,  11.1  inches  (from  Table  2);  total  number  of  trees, 
337  (from  Table  2). 


A  REVISED  YIELD  TABLE  FOR  DOUGLAS  FIR 


A  primary  purpose  of  the  yield  table  is  to  predict  the  future  condition  of  given 
stands  of  second  growth.  It  seems  self-evident  that  such  prediction  is  possible 
only  when  the  yield  table  well  describes  such  stands  as  they  are  today.  The 
conventional  normal  yield  table  described  in  the  body  of  this  bulletin  does  not 
meet  this  requirement.  Its  failure  is  widely  recognized  in  the  case  of  partially 
stocked  stands  that  have  fewer  and  larger  trees  than  a  normal  stand.  This  leads 
to  a  confused  definition  of  normality  or  normal  stand  density.  Normality  per- 
centage by  numbers  of  trees  may  not  be  closely  related  to  timber  volume,  and 
normalities  by  basal  area,  cubic-foot  volume,  and  board-foot  volume,  are  often 
grotesquely  different. 

The  conventional  table  also  fails  frequently  in  the  case  of  stands  that  may  be 
considered  normal  in  terms  of  one  but  not  all  standards  of  measurement.  This  is 
because  subnormal  stands  may  become  normal  with  the  passage  of  time.  A 
stand  having  normal  board-foot  volume,  for  example,  may  have  been  normal  for 
many  years  or  for  only  a  few.  If  the  stand  has  been  normal  for  many  years,  it 
will  consist  of  considerably  more  smaller  trees  than  a  stand  that  has  been  normal 
only  a  few  years.  In  other  words,  the  difficulties  in  defining  normality  will 
persist  even  after  normality  has  been  attained. 

Preliminary  yield  tables  for  Douglas  fir  that  are  free  from  most  of  these  dif- 
ficulties are  presented  here.  They  should  be  more  applicable  than  conventional 
tables  to  subnormal  stands,  and  in  many  cases  to  normal  stands  as  well.  No 
claim  is  made,  however,  that  they  are  accurate  for  use  with  all  types  of  sub- 
normal stands  or  with  extreme  cases  of  understocking.  They  must  be  thoroughly 
tested  before  their  applicability  can  be  clearly  determined.  Thus,  the  new  tables 
are  presented  to  permit  actual  tests  against  typical  stands. 

A  further  advantage  of  the  new  tables  is  that  the  independent  variables  used  for 
predicting  stand  volumes  can  be  more  easily  and  accurately  measured.  Site 
index  is  eliminated  completely,  and  age  assumes  a  minor  role.  The  important 
independent  variables  are  average  diameter,  number  of  trees  per  acre,  and  a 
height  relationship  based  on  a  small  number  of  measured  samples. 

Basic  data  for  the  new  tables  are  from  the  same  plots  used  in  preparing  the 
main  part  of  this  publication.     Permanent  sample  plots  established  and  periodi- 
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cally  remeasured  by  the  Pacific  Northwest  Forest  and  Range  Experiment  Station 
were  used  for  checking  the  tables.  Other  auxiliary  data  were  taken  from  W,  H. 
Meyer's  study,  Height  Curves  for  Even-Aged  Stands  of  Douglas  Fir,  reported  in 
a  processed  paper  in  1936,  and  his  Journal  of  Agricultural  Research  article,  A 
Study  of  the  Relation  Between  Actual  and  Normal  Yields  of  Immature  Douglas 
Fir  Forest,  issued  in  1930.  Auxiliary  data  from  an  article  entitled  New  Methods 
and  Results  of  Growth  Measurement  in  Douglas  Fir,  by  P.  A.  Briegleb  and  J. 
W.  Girard,  issued  in  the  Journal  of  Forestry  in  March  1943,  were  also  used. 

AVERAGE  DIAMETER  AS  A  BASIS  FOR  YIELD  TABLES 

Over  20  years  ago  it  was  found  that  some  of  the  more  difficult  problems  of 
normal  yield  table  construction  were  easily  solved  by  using  average  stand  diameter 
(regardless  of  site  and  age)  as  the  independent  variable.  This  led  G.  H.  Barnes 
to  suggest  in  an  article  published  by  the  British  Columbia  Forest  Service  in  1931, 
The  Importance  of  Average  Stand  Diameters  as  a  Factor  in  Forecasting  Timber 
Yields,  that  a  similar  treatment  might  profitably  be  applied  to  the  entire  process. 
Further  studies  confirmed  the  impression  that  stands  of  the  same  average  diameter 
breast  high  were  much  more  nearly  alike  in  every  way  than  were  stands  of  the 
same  site  and  age  class.  Meyer  in  United  States  Department  of  Agriculture 
Technical  Bulletin  544,  Yield  of  Even-Aged  Stands  of  Sitka  Spruce  and  Western 
Hemlock,  issued  in  1937,  presented  partial  yield  tables  based  on  average  diameter 
at  breast  height  as  well  as  the  complete  yield  tables  based  on  site  and  age.  The 
tables  given  here  are  an  extension  of  this  same  principle. 

Table  25  is  the  basic  description  of  second-growth  Douglas  fir  stands  when 
average  stand  diameter  is  the  independent  variable.     This  was  derived  from  the 


Table  25. — Revised  Douglas  fir  yield  table,  based  on  average  diameter  instead  of 

site  and  age 


Normal 
number « 
of  trees 
per  acre 

Normal 
height  of 
trees  of 
average 
d.  b.  h. 

Volume  per  tree 

Volume    per    tree, 
12  inches  d.  b.  h. 
and  over 

Average  d.  b.  h.'  of 
stand  (inches) 

Total 
stand  2 
and  en- 
tire stand 

5  inches 
d.  b.  h. 
and  over 
to  4-inch 
top 

7  inches 
d.  b.  h. 
and  over 
to  4-inch 
top 

12  inches 
d.  b.  h. 
and  over 
to  4-inch 
top 

Interna- 
tional 

Vi-inch 
rule* 

Scribner « 
rule 

2       

4,466 

2,387 

1,530 

1,084 

818 

644 

524 

437 

371 

320 

280 

248 

221 

198 

180 

164 

160 

138 

127 

118 

110 

102 

96 

91 

86 

80 

76 

72 

68 

Feet 
22 
31 
39 
47 
55 
62 
69 
76 
83 
90 
97 
104 
110 
117 
123 
130 
136 
141 
147 
152 
167 
162 
167 
171 
176 
180 
186 
189 
194 

Cubic 
feet 

Cubic 
feet 

CvMc 
feet 

Cvbic 
feet 

Board 
feet 

Board 
feet 

3 

4 

1.8 
3.2 
5.1 
7.6 
10.9 
14.9 
19.6 
25.2 
31.6 
38.6 
46.6 
66.6 
66 
76 
87 
99 

112 

126 

142 

158 

176 

193 

213 

234 

256 

279 

302 

0.9 
2.1 
3.8 
6.2 
9.4 
13.4 
18.0 
23.6 
29.8 
36.6 
44.3 
52.8 
62 
72 
83 
95 

108 

121 

136 

152 

169 

186 

205 

227 

249 

271 

293 

0.2 
1.1 
2.6 
4.9 
8.0 
12.1 
16.7 
22.7 
29.3 
36.6 
44.3 
62.8 
62 
72 
83 
96 

108 

121 

136 

162 

169 

186 

205 

227 

249 

271 

293 

5-- 

6 

0.3 
1.1 
2.5 
6.3 
9.6 
16.1 
21.7 
29.6 
38.3 
48.0 
68 
69 
81 
93 

106 

119 

134 

150 

168 

186 

204 

227 

249 

271 

293 

7         

6 

18 

36 

66 

102 

148 

224 

274 

347 

432 

621 

618 

724 

836 

966 

1.075 

1.206 

1,339 

1.486 

1.663 

1.826 

2..031 

2,249 

2.476 

3 

8 

11 

9       

23 

10 

43 

11 

67 

12       

99 

13 

149 

14 

184 

16 

236 

16 

296 

17 

369 

18 

429 

19      

610 

20 

693 

21 

683 

22 

779 

23 

886 

24 

999 

25 

1.125 

26 

1.262 

27       

1.406 

28-- 

1,562 

29 

1,730 

30-. 

1.906 

'  Weighted  by  basal  area. 

»  Total  stand;  i.  e.,  trees  over  1.6  inches  In  d.  b.  h. 


» To  6-inch  top. 
<  To  8-inch  top. 
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same  plot  data  that  were  used  to  compile  the  yield  tables  in  the  main  body  of 
this  publication.  The  method  of  derivation  is  simple,  involving  merely  sorting 
the  plots  by  diameter-breast-high  classes  and  summarizing,  averaging,  and 
curving  the  corresponding  number  of  trees  per  acre,  normal  height,  and  the 
various  expressions  of  volume  shown  in  table  25.  Because  some  of  these  items 
had  not  been  worked  out  for  the  individual  plots,  ratios  based  on  other  available 
studies  were  used  to  derive  them  to  save  time.  Obviously,  additional  columns 
(such  as  the  number  of  trees  per  acre  more  than  12  inches  in  diameter)  could 
readily  be  added  to  this  table  if  desired,  thus  covering  all  the  standards  of  measure- 
ment presented  in  the  normal  yield  table. 

Table  25  may  be  applied  to  any  given  second-growth  Douglas  fir  stand  for 
which  average  diameter  and  number  of  trees  per  acre  have  been  determined. 
Volume  per  acre,  as  defined  in  the  heading  of  any  of  the  last  six  columns,  is  ob- 
tained merely  bj'^  multiplying  the  volume  per  tree  by  the  number  of  trees  per 
acre  as  determined  by  field  sampling.  This  use  of  the  table  is,  in  effect,  a  short- 
cut method  of  cruising  second-growth  stands. 

CORRECTIONS  FOR  HEIGHT 

The  short-cut  method  described  above  has  been  checked  for  accuracy  by  using 
it  to  estimate  the  volume  in  cubic  feet  of  the  basic  temporary  plots  and  also  of 
the  permanent  sample  plots.  The  standard  error  of  estimate  for  individual  plots 
was  found  to  be  6.5  percent,  even  when  average  diameters  were  interpolated  to 
the  nearest  0.1  inch. 

The  cause  of  this  rather  high  error  was  found  to  be  associated  with  variations 
in  height.  It  is,  then,  clear  that  stands  of  the  same  average  diameter  at  breast 
height  may  vary  in  the  height-diameter  relation.  This  variation  was  in  turn 
found  to  be  loosely  correlated  with  site.  The  looseness  of  this  correlation  suggested 
a  correction  based  directly  on  the  height-diameter  relation  rather  than  indirectly 
on  the  site  index. 

It  was  found  that,  if  the  estimates  of  volume  in  cubic  feet  on  each  plot  were 
adjusted  in  proportion  to  the  ratio  between  (1)  the  average  height  of  the  trees  of 
average  diameter  at  breast  height  on  the  individual  plots  and  (2)  the  corresponding 
normal  height  given  in  table  25,  column  3,  the  standard  error  of  estimate  was 
reduced  to  2.6  percent,  a  very  satisfactory  figure.  The  maximum  error  discovered 
in  stands  10  inches  or  more  in  average  diameter  breast  high  was  4  percent. 

In  1936  Meyer  prepared  a  series  of  standard  Douglas  fir  height-diameter  curves, 
referred  to  on  page  68,  for  each  combination  of  site  and  age  (Height  Curves  for 
Even-Aged  Stands  of  Douglas  Fir).  Table  26  was  taken  from  his  work  sheets 
and  represents  a  similar  series  of  curves  based  on  average  stand  diameters. 

To  correct  volume  estimates  for  variations  in  height,  one  need  only  measure 
a  small  number  of  mechanically  selected  trees  that  are  near  the  stand  average  in 
diameter.  (In  practice,  they  would  be  measured  before  stand  diameter  was 
precisely  determined.)  The  sum  of  the  total  heights  of  the  measured  trees 
divided  by  the  sum  of  the  corresponding  total  heights  taken  from  table  26  will 
give  a  correction  factor  that  should  be  applied  to  the  volume.  For  instance,  if  the 
actual  trees  are  5  percent  higher  on  an  average  than  is  indicated  by  table  26, 
volume  estimates  from  table  25  should  be  raised  5  percent,  etc. 

For  board-foot  volumes,  greater  errors  were  found,  particularly  by  the  Scribner 
rule.  The  standard  error  of  estimate  in  Scribner  volume  for  individual  plots  was 
10.8  percent.  It  was  found,  however,  that  the  large  errors  were  concentrated  in 
the  stands  of  small  average  diameter.  For  stands  with  an  average  diameter  breast 
high  of  12  inches  and  over  the  standard  error  was  only  4.1  percent. 

Many  may  believe  that  errors  in  determining  board-foot  volume  of  a  stand 
with  small  average  diameter  are  of  little  concern,  since  the  volume  is  in  scattered 
trees  of  merchantable  size  and  the  stand  as  a  whole  is  unmerchantable.  More- 
over, such  errors  tend  to  diminish  as  the  stand  grows  older.  If  this  opinion  is 
accepted,  the  present  tables  appear  to  meet  the  requirement  of  adequately 
describing  typical  second-growth  stands  as  they  are  today.  It  remains  to  supply 
a  means  of  predicting  future  volumes. 

NORMAUTY 

Attention  should  first  be  called,  however,  to  the  simplification  introduced  into 
the  concept  of  normality.  When  tables  25  and  26  are  used,  normality  by  number 
of  trees  and  by  volume,  however  expressed,  are  identical.  Normality  may, 
therefore,  be  defined  as  the  ratio  between  the  actual  number  of  trees  per  acre  and 
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Table  26. — Standard  height  for  well-stocked  second-growth  Douglas  fir, 
average  diameter  of  stands  ' 

based  on 

Tree  d.  b.  h. 

Total  height  when  average  d.  b.  h.  of  stand  is— 

(.inches) 

6 

8 

10 

12 

14 

16 

18 

20 

22 

» 

26 

28 

30 

2 

Feet 
32 
44 
55 
64 
72 
77 
81 
85 
88 

Feet 
32 
46 
50 
69 
77 
83 
90 
94 
99 
103 
106 

Feet 
29 
47 
63 
74 
83 
90 
97 
103 
107 
112 
116 
119 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feei 

Feet 

4 

46 
65 
79 
89 
97 
104 
111 
115 
120 
125 
129 
132 
134 
137 

43 
66 
81 
94 
103 
110 
117 
122 
128 
132 
136 
140 
143 
146 
149 
152 
154 

38 
65 
82 
96 
107 
116 
123 
129 
135 
139 
144 
148 
151 
155 
159 
162 
165 

6 

63 
82 
97 
111 
120 
127 
135 
142 
146 
151 
155 
158 
162 
166 
169 
171 

60 
81 
98 
113 
123 
132 
140 
147 
153 
157 
162 
166 
169 
173 
177 
180 
183 
185 

8 

77 
96 
111 
124 
133 
142 
151 
157 
162 
166 
171 
176 
179 
182 
185 
188 
190 
193 
195 

73 
94 
110 
125 
135 
144 
154 
161 
167 
172 
176 
180 
184 
187 
190 
192 
195 
197 
199 

60 
90 
107 
123 
136 
146 
155 
164 
170 
176 
181 
185 
188 
192 
195 
198 
202 
204 
206 

10 

85 
105 
123 
135 
145 
155 
166 
172 
178 
185 
190 
193 
196 
200 
203 
205 
208 
211 

12 

14 

122 

16 

134 

18 

145 

20 

157 

22 

167 

24 

175 

26 

182 

28 

188 

30 

194 

32 

108 

34 

201 

36 

204 

38- 

206 

40 

211 

42 

213 

44 

215 

'  Derived  from  Walter  H.  Meyer's  Height  Curves  for  Even- Aged  Stands  of  Douglas  Fir  and  from  his 
work  sheets. 


that  shown  in  table  25  for  the  corresponding  average  diameter  breast  high  (inter- 
polated to  the  nearest  0.1  inch).  The  similarity  between  this  expression  and 
that  found  in  Perfecting  a  Stand- Density  Index  for  Even- Aged  Forests,  by  L.  H. 
Reineke  (published  in  the  Journal  of  Agricultural  Research  in  1933)  is  self-evident. 
The  percentage  form  is  more  easily  understood  and  leads  to  simpler  computations. 

PREDICTED  DESCRIPTIONS  OF  FUTURE  STANDS 

If  tables  25  and  26  are  to  be  used  for  future  stands,  a  method  must  be  provided 
for  predicting  the  future  average  stand  diameter,  the  future  number  of  trees  per 
acre,  and  the  future  height  correction. 

Diameter  will  be  considered  first.  Conventional  yield  tables  rely  on  age  and 
site  as  the  sole  basis  for  determining  tree  diameter,  even  though  these  two  variables 
usually  lead  to  erroneous  estimates  of  the  present  diameters.  Table  27  provides 
for  predicting  the  diameter  growth  (10-year)  directly  on  the  basis  of  the  present 
diameter  and  the  age.  These  two  variables  are  an  expression  of  preceding  diameter 
growth,  so  that,  in  effect,  estimated  future  growth  is  related  to  that  of  the  past. 
As  figures  in  table  27  indicate,  however,  future  diameter-breast-high  growth  is 
not  assumed  to  equal  that  of  the  past.  Allowance  is  made  for  normal  decline 
in  growth  as  age  advances. 

Table  27  is  merely  a  transformation  of  the  information  contained  in  the  con- 
ventional table  showing  the  relation  between  average  diameter  breast  high  and 
site  and  age.  (See  p.  14.)  Some  technical  objections  may  be  raised  to  the  in- 
direct graphical  method  used  in  deriving  the  table,  but  it  appears  to  be  an  accept- 
able first  approximation  easily  extracted  from  the  available  data. 

It  seems  probable  that  better  estimates  might  be  obtained  by  use  of  current 
diameter  growth  determined  by  increment  borings,  but  here  the  additional  prob- 
lem arises  of  estimating  the  "false  growth"  resulting  from  the  death  of  smaller 
trees.     Pending  further  research  the  present  table  seems  reasonably  satisfactory. 

A  conservative  estimate  of  the  future  number  of  trees  may  be  obtained  by 
calculating  the  present  normality  and  multiplying  the  normal  number  of  trees  for 
the  predicted  average  diameter  breast  high  (table  25)  by  this  percentaj^.  This 
ignores  the  tendency  of  understocked  stands  to  approach  normality.  To  allow 
for  that  tendency,  table  28  has  been  derived  from  a  study  by  Briegleb  and  Girard 
(see  p.  68)  of  understocked  stands.  When  data  obtained  in  that  study  were 
plotted  in  the  form  indicated  by  table  28,  a  straight  regression  line  was  fairly  well 
defined.  By  use  of  this  table  a  corrected  future  normality  can  be  predicted,  and 
presumably  a  more  accurate  forecast  of  the  future  number  of  trees  can  be  made. 
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Table  27. — Estimated  diameter  growth   per  decade  in  normal  stands  of  second- 
growth  Douglas  fir  i 


Average 
d.b.h. 

Diameter  growth  when  age  of  stand  in  years  is  — 

of  stand 
(in.) 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

2     .- 

In. 
1.6 
2.0 
2.4 
2.8 
3.2 
3.7 

In. 
1.1 
1.4 
1.6 
1.9 
2.2 
2.5 
2.7 
3.0 
3.3 
3.6 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

3                  -  - 

0.9 
1.1 
1.4 
1.6 
1.8 
2.1 
2.3 
2.6 
2.8 
3.0 
3.3 
3.5 
3.7 
4.0 

4 

0.9 
1.1 
1.3 
1.4 
1.6 
1.8 
1.9 
2.1 
2.3 
2.5 
2.6 
2.8 
3.0 
3.1 
3.3 



5               

6 --- 

1.0 
1.1 
1.3 
1.4 
1.5 
1.7 
1.8 
2.0 
2.1 
2.2 
2.4 
2.5 
2.7 
2.8 
3.0 
3.1 

7         

0.8 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.7 
2.8 
2.9 

8 -- 

0.7 
.8 
.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 

0.6 
.7 
.8 
.9 
.9 
1.0 
1.1 
1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.7 
1.8 
1.9 
2.0 
2.1 
2.1 
2.2 
2.3 
2.4 

0.6 
.6 
.7 
.8 
.8 
.9 
1.0 
1.0 
1.1 
1.2 
1.2 
1.3 
1.4 
1.6 
1.5 
1.6 
1.7 
1.7 
1.8 
1.9 
1.9 
2.0 
2.1 

9     

0.6 

.6 

.7 

.7 

.8 

.8 

.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.3 

1.3 

1.4 

1.4 

1.5 

1.5 

1.6 

1.7 

1.7 

1.8 

10 

0.5 

.6 

.6 

.7 

.7 

.8 

.8 

.9 

.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

1.3 

1.3 

1.4 

1.6 

1.6 

1.6 

0.5 

.6 

.6 

.6 

.7 

.7 

.7 

.8 

.8 

.9 

.9 

1.0 

1.0 

1.1 

1.1 

1.1 

1.2 

1.2 

1.3 

1.3 

1.4 

11 

12 

13 ---- 

14 

15 

16 — 

17 - 

0.4 

.5 

.5 

.6 

.6 

.7 

.7 

.7 

.8 

.8 

.9 

.9 

1.0 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

1.3 

0.4 
.4 
.5 
.5 
.6 
.6 
.7 

18         

.7 

19 

.7 

20         

.8 

21 

.8 

22       

.8 

23- 

.9 

24 

.9 

26             -     .- 

1.0 

26 

1.0 

27 

1.1 

28 

1.1 

29 

1.1 

30 

1.2 

1  Figures  derived  from  yield  tables  on  page  14.  Above  figures  include  "false  growth"  resulting  from  death 
of  smaller  trees  and  hence  will  not  agree  with  actual  diameter  growth  of  surviving  trees  as  determined  by 
borings. 

Table  28. —  Estimated  increase  in  normality  in  a  10-year  period 


10  years' 

Normality 

10  years' 

Normality 

Normality 

mcrease  m 

after 

Normality 

mcrease  m 

after 

normality 

10  years 

normality 

10  years 

0.30 

0.08 

0.38 

0.95 

0.02 

0.97 

.35 

.07 

.42 

LOO 

.02 

1.02 

.40 

.07 

.47 

1.05 

.01 

L06 

.45 

.06 

.61 

LIO 

.01 

1.11 

.60 

.06 

.66 

1.16 

.00 

1.15 

.65 

.06 

.61 

1.20 

.00 

L20 

.60 

.05 

.65 

L26 

.00 

1.25 

.65 

.06 

.70 

1.30 

-.01 

L29 

.70 

.04 

.74 

1.36 

-.01 

1.34 

.75 

.04 

.79 

1.40 

-.02 

1.38 

.80 

.03 

.83 

1.46 

-.02 

L43 

.85 

.03 

.88 

L50 

-.03 

1.47 

.90 

.02 

.92 

Variations  of  heights  from  those  in  table  26  will  presumably  persist  for  many 
years.  A  careful  search  of  all  available  permanent  sample  plot  information 
failed  to  reveal  any  definite  tendency  for  the  ratios  of  actual  to  standard  heights 
either  to  increase  or  decrease.  The  present  height  ratios  may,  therefore,  be  used 
for  future  stands  without  change. 

example  of  use  of  the  tables 

The  following  calculations  will  clarify  the  manner  in  which  tables  25  to  28 
may  be  used. 

Assume  that  the  data  collected  give  the  following  information: 

Average  number  of  trees  per  acre  (number) 151 

Average  diameter  (inches) 14.  5 


100 

104 

103 

108 

106 

112 

99 

111 

111 

115 

114 

118 

633   ^ 

668  =  0.  95 
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Sample  tree$ 
Diameter  breast  high  (inchea)  Height  (feet)    Diameter  breast  high  {iriches)  Height  (feet) 

13 103  15 111 

14 106  14 99 

12 100  16 114 

Average  age,  70  years. 
Wanted: 

(1)  Estimated  cubic  foot  volume  today  in  trees  7  inches  and  over  diameter 
breast  high  to  4-inch  top. 

(2)  Estimated  volume  today  in   Scribner  board  feet   12  inches  and  over 
diameter  breast  high. 

(3)  Estimated  volumes  10  years  hence  as  above. 

Present  cubic  foot  volume  is  151X48.55   (from  table  25,  by  interpolation),  or 

7,311  cubic  feet  per  acre. 
Present  Scribner  volume  is  151X210  (from  table  25,  by  interpolation),  or  31,710 

board  feet  per  acre. 

Height  correction  Tabular  height 

Diameter  breast  high  Actual  height        (from  table  t6) 

12 

13 

14 

14 

15 

16 

Total 633 

Adjusted  volume  per  acre  =  0.95X  7,331  =  6,964  cubic  feet, 

or=0.95X 31,710=30, 124  board  feet. 

Growth  of  average  diameter  breast  high=  1.7  inches  (from  table  27,  interpolated). 

Estimated  average  diameter  10  years  hence=  14.5  inches+  1.7  inches=  16.2  inches. 

Present  normality  =  151-^210  (table  25)  =  72  percent;  predicted  normality  =  76 

percent  (table  28). 

Number  trees  10  years  hence=178  (table  25)X0.76=  135. 

Volume=  135X64  (table  25)  X  0.95  =8,208  cubic  feet, 

or=135X309  (table  25) X 0.95  =  39,629  board  feet. 

n        ,u  8,208-6,964     ,^,  ,       u-    r    . 

urowth  per  year= ^f) =  124.4  cubic  feet  per  acre  per  year 

39,629-30,124     ^^^  ^       ^^    , 
or yq —  950  board  feet  per  acre  per  year. 

PREDICTIONS  FOR  PERIOD  OVER  10  YEARS 

Predictions  for  two  or  more  decades  may  be  made  by  successive  10-year  steps, 
the  final  stand  at  the  end  of  the  first  period  being  taken  as  the  starting  point  for 
the  prediction  for  the  second  period.  Intermediate  periods  can  be  derived  by 
interpolation. 

ACCURACY  OF  ESTIMATES  OF  FUTURE  VOLUME 

The  accuracy  of  predictions  of  future  volumes  depends  on  the  accuracy  of  pre- 
dictions of  three  factors:  The  future  average  stand  diameters,  the  number  of 
trees  per  acre,  and  the  height  ratios.  The  resulting  errors  will  be  augmented  by 
any  errors  that  arise  in  computing  volumes  from  these  data. 

A  study  of  the  Douglas  fir  permanent  sample  plots  permits  a  preliminary 
appraisal  of  the  accuracy  with  which  future  volumes  can  be  predicted.  The 
permanent  sample  plots  were  all  at  least  fairly  well  stocked.  The  best  figures 
now  available  for  the  permanent  sample-plot  study  are  2.9  percent  standard 
error  of  estimate  for  10-year  future  average  stand  diameters;  5.1  percent  for  10- 
year  future  density;  and  3.4  percent  for  10-year  future  height  ratio.  Predictions 
for  moderately  understocked  stands  should  be  nearly  as  accurate,  provided  that 
the  density  of  the  stands  is  not  so  heterogeneous  as  to  cause  very  abnormal  diam- 
eter distributions. 
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The  standard  error  of  estimate  of  10-year  future  volume  in  cubic  feet  will  reflect 
the  combined  result  of  these  errors,  plus  that  of  calculating  the  cubic  volume  in 
the  simple  way  herein  proposed  (2.6  percent).  Theoretically,  if  the  errors  are  not 
intercorrelated,  this  should  be  for  the  permanent  sample  plots 


V2.92-I- 5.12  +  3.42  +  2.62  =  7.3  percent. 

A  direct  calculation  shows  a  value  of  7.6  percent  for  the  same  plots,  which  is  a 
remarkably  close  check. 

The  similar  standard  error  for  volumes  based  on  the  Scribner  log  rule  and  for 
stands  larger  than  12  inches  in  average  diameter  breast  high  should  correspondingly 
be 

V2.92  +  5.12  +  3.42  +  4.P  =  7.9  percent. 

A  direct  calculation  shows  only  6.6  percent. 

If  predictions  are  carried  further  into  the  future,  the  theoretical  standard  errors 

should  be  (if  the  errors  of  the  later  decades  are  not  correlated  with  those  of  the 

earlier)  the  foregoing  figures  multiplied  by  V2  =  1.4  for  2  decades,  by  V3  =  1.7  for 

;         3  decades,  etc.    Available  data  confirm  this  theory  reasonably  well,  although  the 

jf         actual  errors  are  about  18  percent  higher,  which  suggests  that  surplus  or  deficient 

■  growth  rates  have  a  slight  tendency  to  recur. 

Again,  it  must  be  remembered  that  these  figures  apply  to  plots  of  1  acre  or 
smaller,  and  that  estimates  of  future  volume  on  such  small  areas  are  very  fallible 
because  of  the  erratic  occurrence  of  tree  mortality.  Better  results  should  be 
obtained  for  large  tracts  of  land,  although  even  then  it  must  be  recognized  that 
abnormal  condijtions  such  as  disease,  insect  infestation,  and  sleet  damage,  may 
invalidate  the  predictions.  Such  occurrences,  of  course,  will  upset  calculations 
based  on  the  conventional  yield  table  as  well. 

IN  CONCLUSION 

This  is  not  an  argument  for  the  complete  abandonment  of  the  conventional 
form  of  yield  table.  Such  tables  are  useful  for  making  general  determinations  of 
the  growth  capacity  of  forest  land  as  distinct  from  the  growing  stock  that  hap- 
pens to  be  thereon.  Most  of  the  problems  of  forest  management,  however,  are 
concerned  with  actual  growing  stock  that  is  seldom  normal.  For  these  prob- 
lems the  new  tables  seem  to  have  decided  advantages.  Their  limitations  can  be 
determined  only  by  further  testing. 
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HISTORICAL  REVIEW 

The  earliest  published  statement  in  regard  to  the  poisonous  prop- 
erties of  the  species  Hypericum  was  made  by  Cirillo  (^,  p.  135 ") 
in  his  Fundamenta  Botanicae,  in  1787.  It  is  presumed,  although 
not  positively  known,  that  this  is  all  that  Cirillo  published  on  the 
subject.  A  quotation  from  him  was  made  in  the  Atti  Del  Real 
Instituto  d'Incoraggiamento  Alle  Scienze  Naturali  di  Napoli  (i),  of 
which  the  following  is  a  translation : 

(Hypericum  crispum :  A  quick  poison  of  white  sheep;  so  that  all  which 
graze  in  the  Tarentine  fields  are  black ;  moreover,  the  wool  among  the  rest 
is  not  so  good  as  in  the  time  of  the  Romans.  Possibly  this  plant  was  then 
more  rare.  Cattle,  on  the  other  hand,  feed  upon  Hypericum  crispum  with  no 
hann ;  but  if  while  they  are  eating  this  plant  they,  in  licking  with  the  tongue, 
moij^ten  any  part  of  their  own  body  the  skin  is  quickly  deprived  of  hair. 
It  is  commonly,  by  the  inhabitants,  called  Fumulo.  It  grows  also  in  the  fields 
of  Sicily.) 

The  article  mentioned  also  quotes  from  statements  made  by  Signore 
Manni  di  Lecce,  with  some  additional  statements  made  b}^  the  author 
of  the  article,  which  was  written  without  signature. 

Signore  Gianni  stated  that  the  plant  occurred  toward  the  end  of 
April  and  injured  white  sheep.     The  sheep,  eating  in  the  morning 

1  The  name  of  this  plant,  as  spelled  here,  is  in  accordance  with  the  following  puhllca- 
tion  adopted  by  the  U.  S.  Department  of  Agriculture  as  authority  for  plant  terminology  : 
American  Joint  Committee  ox  Horticultural  Nomenclature,  standardized  plant 
NAMES,  prepared  l>y  F.  L.  Olmsted,  F.  V.  CoviUe,  and  H.  P.  Kelsey.  546  pp.  Salem. 
Mass.,   1923. 

^  Italic  numbers  in  parentheses  refer  to  "  Literature  cited."  p.  21. 
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when  the  plants  were  covered  with  frost,  get  their  chins  and  lips 
covered  with  moisture.  Because  of  the  unpleasant  sensation,  they 
rub  the  lips  and  chin  on  various  parts  of  the  body  and  thus  distribute 
the  poison.  In  a  few  days  the  wool  falls  off,  the  face  swells,  and 
there  is  general  irritation  over  tlie  whole  body.  They  do  not  eat, 
and  sometimes  they  lose  their  eyesight.  Most  of  them  die  of  con- 
vulsions within  a  short  time;  others  may  live  for  a  few  months, 
but  finally  die.  The  trouble  is  confined  to  white  sheep,  the  black  ones 
not  being  affected.  The  better-bred  sheep  are  more  likely  to  suffer 
from  the  poison.  Sometimes  the  shepherds,  when  they  find  the  sheep 
are  poisoned,  wash  the  faces  of  the  animals  in  order  that  the  poison 
may  not  be  spread  further.  Signore  Manni's  statement  that  black 
sheep  have  more  vigor  than  those  with  white  wool  and  consequently 
are  less  likely  to  suffer  is  discussed  in  some  detail.  The  article 
closes  with  a  suggestion  that  it  is  desirable  to  perform  some  experi- 
mental work  to  determine  whether  the  plant  is  harmful  at  all  times 
of  the  day,  and  at  all  seasons;  whether  the  flowers  really  contain 
the  poisonous  matter;  whether  the  plant  is  poisonous  in  all  countries; 
and  to  malve  a  thorough  study  of  the  disease  which  produces  a  loss 
of  wool. 

The  foregoing  statements  show  that  while  Cirillo  evidently  thinks 
that  sheep  are  poisoned  by  eating  the  plant,  Manni  apparently  be- 
lieves that  the  poison  is  carried  to  the  various  parts  of  the  body  in 
a  mechanical  way  when  the  animals  try  to  rub  from  their  faces  and 
lips  the  material  that  has  become  attached  to  them. 

The  first  mention  of  the  poisonous  properties  of  Hypericuin  per- 
joratunn  by  an  American  author  was  the  statement  by  Pursh  in  1814 
{21)  that  it  "is  considered  very  injurious  to  horses  for,  when  they 
feed  upon  it,  blindness  and  other  diseases  are  said  to  be  the  con- 
sequence." 

In  1843  Torrey  {27,  p.  87)  wrote  as  follows : 

This  pernicious  weed  is  generally  believed,  in  this  country,  to  be  the  most 
common  cause  of  "  slabbers "  in  horses  and  horned  cattle ;  and  likewise  to 
cause  sores  on  their  skin,  especially  in  animals  whose  noses  and  feet  are 
white,  and  whose  skin  is  thin  and  tender  *  *  *,  Dr.  .T.  M.  Bijrelow  of 
Ohio  states  that  he  has  known  a  high  degree  of  inflammation  of  the  mucous 
lining  of  the  mouth  and  fauces  produced  by  eating  a  few  of  the  fresh  leaves. 

Darlington  (^,  p.  58)  in  1826,  remarked  that  the  dew  which  col-, 
lects  on  plants  becomes  acrid,  and  that  he  had  seen  the  backs  of  white 
cows  covered  with  sores,  whenever  the  bushy  ends  of  their  tails  had 
been  applied  after  dragging  through  the  St.  Johnswort.     In  1853 
(/,  p.  28),  he  stated  that  St.  Johnswort — 

was  formerly  supposed  to  be  the  cause  of  scabs,  and  cutaneous  ulcers  among 
cattle  especially  white  cows,  and  horses  with  white  feet  and  noses.  The  fact 
was  taken  for  granted,  by  the  farmers :  But  it  must  be  confessed,  tlmt  although 
tlie  plant  continues  to  be  abundant,  the  disease  has  nearly,  if  not  entirely, 
disappeared. 

In  1845  Morrell  {16,  p.  374)  made  the  following  statement : 

That  pestiferous  weed,  called  .Tohnswort,  if  growing  al)un(lantly  where  sheep 
are  pastured,  will  cause  an  irritation  of  tlie  skin,  often  over  the  whole  body 
and  legs  of  the  sheep;  but  generally  it  is  conflned  to  the  neighborhood  of 
the  mouth.  If  eaten  in  too  large  quantities,  it  produces  violent  inflamma- 
tion of  the  bowels,  and  is  frequently  fatal  to  lambs,  and  sometimes  to  adults. 
Its  effects  when  inflammation  is  produced  Internally  are  very  singular.  The 
writer  has  witnessed  the  most  fantastic  capers  of  sheep  in  this  situation,  and 
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once  a  lamb,  while   running,   described  a  circle  with  all  the  precision  of  a 
circus  horse :  this  was  continued  until  it  fell  from  exhaustion. 

In  1849  Verheyen  (29),  in  an  article  on  the  influence  of  certain 
agents  on  animals  of  different  colors,  the  article  being  largely  de- 
voted to  the  eft'ect  of  feeding  upon  buckwheat  mentioned  the  data 
given  by  Cirillo,  Marinosci,  and  Manni,  in  regard  to  Hypericum 
cfispwm.  It  is  a  matter  of  interest  that  Verheyen  apparently  was 
the  first  to  connect  the  effect  of  these  plants  on  the  skin  with  the 
influence  of  the  sun.  Preceding  authors  had  noted  that  only  w^hite 
animals,  or  those  having  Avhite  spots,  were  affected,  but  did  not  seem 
to  have  thought  that  this  eft'ect  was  produced  locally  on  the  body, 
because  w^hite  animals,  or  white  spots,  w^ere  not  protected  from  the 
sun's  rays. 

In  1852  Randall  {22,  p.  271)  made  the  following  statement: 

Sore  face. — Sheep  feeding  on  pastures  infested  with  Johnswort  (llppericum 
perforatum)  not  infrequently  exhibit  an  irritation  of  the  skin  about  the  nose 
and  face,  which  causes  the  hair  to  drop  off  from  the  parts.  The  irritation 
sometimes  extends  over  the  whole  body,  though  no  such  case  has  fallen  under 
my  observation. 

Paugoue  (19),  in  1861,  gave  in  some  detail  the  effect  of  Hyperi- 
cum perforatum  on  horses  which  had  eaten  lucerne  containing  a 
large  percentage  of  St.  Johnswort.  The  symptoms  which  he  noted 
w^ere  anorexia,  depression,  restlessness,  dilated  pupils,  injected  con- 
junctiva, and  dermatitis.  The  animals  were  somewhat  comatose, 
with  a  full,  slow  pulse,  and  a  slow  and  deep  respiration. 

Randall  (^-5),  in  1863,  in  a  somewhat  extended  discussion  of  the 
subject  doubted  whether  the  plant  produced  any  injury  to  cattle  or 
sheep. 

In  1872  Rodet  (2S)  gave  a  description  of  the  plant  and  simply 
stated  that  it  was  reported  to  be  injurious  to  sheep,  and  that  ex- 
periments performed  by  him  failed  to  produce  any  results. 

T^rabut  (28) ,  in  1898,  said  that  in  Tunis  Hypericum  c^ispum  pro- 
duced a  disease  of  sheep  know^n  as  hamra. 

Chesnut  {3),  in  1898,  said  that  the  plant,  Hypericum,  was  com- 
monly believed  to  cause  eruptions  on  cows'  udders,  and  on  the  feet 
of  white-haired  animals.  He  quoted  Doctor  Bready,  w^ho  had  an 
exj3erience  with  five  poisoned  horses  in  Maryland.  The  report  made 
by  Doctor  Bready  is  in  the  files  of  the  department  and  gives  in  con- 
siderable detail  the  symptoms  of  these  animals.  The  main  symp- 
toms were  sores,  dermatitis,  especially  noticeable  on  white  legs, 
resulting  in  ulcers  and  severe  pain.  There  were  sores  on  the  lips 
and  tongue.  Doctor  Bready  took  temperatures  of  the  animals,  and 
in  all  cases  they  were  high,  running  up  to  106°  F.  In  these  animals 
only  the  lips,  tongues,  and  w^hite  areas  were  affected. 

In  1904  Le  Mouroux  {17)  published  a  general  statement  in  regard 
to  eczema  on  cattle  with  spotted  skin,  giving  a  description  similar  to 
those  of  his  predecessors.  He  did  not  state  that  this  eczema  was 
caused  by  Hypericum  perforatunv,  but  it  is  to  be  presumed  that  this 
plant  w^as  the  cause  of  the  trouble. 

In  a  paper  published  by  Henry  {10),  in  1913,  some  details  were 
given  of  the  effect  of  St.  Johnsw^ort  on  horses  which  received  the 
plant  mixed  with  hay.  Of  the  three  animals  fed  on  this  hay,  one  black, 
and  the  other  two  with  more  or  less  white,  the  black  was  not  affected 
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at  all,  but  the  other  two  were  affected  on  the  white  parts  of  the  body. 
The  owner  noticed  that  the  dermatitis  was  more  severe  on  the  days  dur- 
ing which  there  was  a  bright  sun.  Henry  reported  that  it  was  not 
clearly  stated  whether  the  recovery  of  these  animals  followed  their 
removal  from  the  direct  sunlight,  but  he  assumed  that  the  treatment 
given  them  was  while  they  were  in  a  stable. 

He  recorded  the  fact  that  the  symptoms  exhibited  by  these  animals 
resembled  very  closely  those  produced  by  certain  other  plants  under 
similar  conditions.  These  plants  included  the  clovers,  especially 
Trifolimn  hyhriduvi^  and  buckwheat.  He  stated  that  a  fluorescent 
substance  had  been  found  in  the  buckwheat  which  became  toxic 
when  the  animals  were  exposed  to  the  sun  through  the  absorption 
of  the  ultra-violet  rays.  It  is  very  probable  that  the  explanation 
in  regard  to  buckwheat  applies  to  St.  Johns  wort,  inasmuch  as  the 
plant  contains  a  similar  fluorescent  substance.  In  regard  to  treat- 
ment, he  stated  that  as  the  trouble  disappeared  when  the  cause  was 
removed  locally,  treatment  was  of  little  account.  In  the  paper  an 
abstract  of  preceding  literature  on  the  effects  of  this  plant  is  given. 

Rogers,  in  November,  1914,  {26)  published  an  article  in  which  he 
gave  the  results  of  some  experimental  work  with  extract  of  Hyperi- 
Guon  perforatum  on  guinea  pigs  and  dogs.  He  found  that  0.1  cubic 
centimeter  of  fluorescent  extract  given  subcutaneously  was  a  mini- 
mum lethal  dose  for  guinea  pigs  weighing  250  grams  each.  In  a 
dog  the  extract  reduced  the  blood  pressure  and  0.5  cubic  centimeter 
caused  paralysis  of  the  heart.  He  gave  a  somewhat  extended  account 
of  the  preceding  literature  and  discussed  in  a  general  way  the  influence 
of  light  on  white  and  pigmented  skins  in  the  Tropics. 

In  1914  Ray  {24.)  published  a  detailed  account  of  the  toxic  effect 
of  Hypericvmh  crlspymi\^  which  he  said  grew  throughout  northern 
Tunis,  and  was  generally  known  by  its  Arab  name  of  hamra.  Its 
poisonous  effects  are  well  known  there  and  much  feared.  He  stated 
further  that  it  affects  sheep  particularly,  but  is  known  to  poison 
goats,  cattle,  and  horses.  The  poisonous  effects  appear  only  in  the 
light  and  only  on  animals  which  either  are  not  colored  or  only 
partly  colored.  The  symptoms  are  immobility,  with  the  head  fall- 
ing low;  then  the  unprotected  areas  of  the  skin  become  red  and 
swollen,  without  any  distinct  rise  of  temperature.  In  sheep,  goats, 
and  cattle  the  ears,  especially,  are  attacked;  they,  as  well  as  the 
eyelids,  become  enormously  swollen.  In  horses,  itching  on  the  in- 
jured areas  results  in  biting  and  scratching  until  the  skin  is  torn, 
and  resulting  scars  may  remain  hairless.  Sheep  frequently  lose  their 
sight.  Generally  speaiiing,  young  animals  are  more  susceptible  than 
older  ones,  and  improved  breeds  are  more  likely  to  be  attacked  than 
common  animals.  If  white-skinned  animals  are  protected  from  the 
light  they  are  not  affected  by  the  plant.  The  Arabs  stain  the  skin 
with  solutions  of  tobacco  or  henna  and  thus  protect  the  animals. 
In  the  plant  is  a  fluorescent,  red  substance,  which  acts  as  a  sensitizing 
agent  to  light.  By  the  use  of  this  fluorescent  red  pigment  tlie 
author  (Ray)  was  able  to  produce  the  disease. 

Dodd  ((V),  in  April,  1920,  besides  giving  a  general  sunnnary  in 
regard  to  Ilypericwnh  perforatum  and  its  effects  on  cattle,  sheep, 
and  horses,  reported  experimental  feedings  of  shee])  with  the  plant. 
These  animals  showed  the  typical  symptoms  of  Hypericum  poison- 
ing, the  symptoms  coming  on  at   different   i)eriods,  the  minimum 
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period  being  13  days.  Apparently  these  were  the  first  definite  feed- 
ing experiments  to  prove  the  toxic  properties  of  Hypericum. 

Henry  (11),  in  1922,  fed  the  plant  to  both  cattle  and  sheep,  using 
a  younger  stage  of  the  plant  than  that  employed  by  Dodd.  On 
these  animals  typical  symptoms  of  Hypericum  poisoning  were  pro- 
duced. Henry  also  performed  a  series  of  experiments  to  test  the 
possibility  of  contact  poisoning  by  the  plant,  the  results  of  which 
indicated  that  such  poisoning  never  occurs. 

Lawrence  (14)^  in  1922,  stated  that  the  plant  was  abundant  in 
western  Oregon  and  that  cases  of  poisoning  had  been  reported  to 
the  experiment  station.  He  stated  also  that  the  plant  is  sometimes 
called  goatweed  and  Tipton  weed. 

Lange  (IS),  in  1922,  gave  a  summary  of  the  effect  of  the  plant, 
stating  that  besides  Hypericum  perforatum^  H.  maculatum^  and  H. 
pvlchrum  were  also  poisonous. 

Melas-Joannides  (iJ),  in  1928,  stated  that  the  effects  of  H.  crispu7n 
are  frequently  noticed  in  goats  and  sheep  in  Greece. 

In  the  foregoing  review  only  those  articles  which  deal  specifically 
with  Hypericum  as  a  poisonous  plant  have  been  considered.  There 
are  a  number  of  articles  on  the  effect  of  light  in  producing  dermatitis, 
and  other  symptoms  of  animals  that  have  eaten  certain  plants;  in 
these  articles  Hypericum  is  frequently  mentioned,  but  its  effects  are 
not  discussed  in  detail. 

While,  from  the  preceding  historical  review,  it  appears  that  H. 
perforatum  has  long  been  recognized  as  producing  poisonous  effects 
in  a  characteristic  manner,  there  has  been  very  little  definite  experi- 
mental work  to  determine  the  character  of  its  effects  or  its  dosage. 
Many  inquiries  had  been  addressed  to  the  Department  of  Agriculture 
about  the  plant,  to  which  the  only  information  available  for  reply 
was  that  the  plant  was  generally  considered  to  be  poisonous  and  that 
it  was  said  to  produce  an  inflammatory  action  on  unpigmented  sur- 
faces of  various  animals.  The  supposed  losses  in  the  United  States 
were  not  large,  and,  because  of  the  large  numbers  of  more  important 
poisonous  plants,  no  experimental  work  with  H.  perforatum  was 
undertaken  by  the  department  before  1925.  In  that  year  A.  W. 
Sampson,  of  the  University  of  California,  informed  the  department 
that  the  plant  was  making  large  inroads  on  the  cattle  and  sheep 
ranges  of  northern  California,  especially  in  Humboldt  County.  It 
was  thought  that  the  plant  popularly  known  as  Klamath  weed  came 
into  the  region,  through  Del  Norte  County,  from  the  Klamath  River 
country,  in  Oregon.  The  plant  was  considered  by  the  stockmen  as 
a  range  pest,  and  an  investigation  was  requested  to  determine  ways 
of  handling  the  situation.  Doctor  Sampson  thought  it  especially 
important  to  determine  definitely  whether  it  was  dangerous  because 
of  possible  poisonous  properties,  and  suggested  a  cooperative  ar- 
rangement between  the  University  of  California  and  the  Bureau  of 
Animal  Industry  to  begin  feeding  experiments.  It  was  agreed  that 
the  university  should  arrange  for  the  collection  and  shipment  of 
experimental  material,  and  that  the  bureau  would  carry  on  the  ex- 
perimental feedings  at  its  station  near  Salina,  Utah. 

In  accordance  with  this  agreement,  J.  W.  Logan,  county  agent  of 
Humboldt  County,  made  shipments  of  the  weed  to  Salina,  and  the 
experimental  feedings  were  carried  on  during  the  years  1925  to  1928, 
inclusive. 
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DESCRIPTION  OF  THE  PLANT' 

Hypericum  perforatuDi  Linn  (fig.  1),  common  St.  Jolmswort, 
better  known  on  the  Pacific  slope  as  Klamath  weed,  is  also  called 
goatweed,  goatsbeard,  Tipton  weed,  Eolaweed,  amber.  Penny  John, 
rosin  rose,  herb  John,  Johnswort,  and  cammock.  It  is  a  perennial, 
smooth,  erect  herb,  woody  at  base,  growing  from  1  to  2  feet  high  in 
eastern  North  America  and  in  Europe ;  on  the  Pacific  slope  it  often 
reaches  5  feet;  stems  simple,  erect,  2-edged,  branching  freely  by 
runners  from  the  base  w^hich  become  erect,  terminating  in  broad 
C3anes.  Leaves  opposite,  one-half  to  1  inch  long,  numerous,  sessile, 
oblong  to  linear,  becoming  revolute,  obtuse,  with  pellucid  dots. 
Cymes  with  numerous  flowers,  two-thirds  to  1  inch  broad;  petals  5, 
yellow,  edges  black  dotted;  sepals  5,  lanceolate,  acute,  much  shorter 
than  the  petals ;  stamens  numerous,  clustered  in  from  3  to  5  groups ; 
styles  3,  capsules  ovoid,  one-fourth  of  an  inch  long,  3-celled;  petals 
and  stamens  wither  and  remain  on  capsules;  seeds  numerous,  cylin- 
drical, and  pitted.  It  increases  rapidly  both  from  seed  and  vegeta- 
tively  by  runners. 

It  is  naturalized  from  Europe  in  temperate  North  America  and 
introduced  in  Haiti  and  Chile.  It  was  first  introduced,  in  the  grass 
and  grain  seeds  of  the  early  colonists  of  eastern  North  America,  into 
the  grasslands,  pastures,  and  roadsides  of  New  England,  the  Middle 
States,  and  eastern  Canada.  It  now  ranges  from  St.  John's,  New- 
foundland, to  western  Ontario,  southward  to  Virginia  and  the 
southern  Appalachians,  and  westward  to  North  Dakota,  northeastern 
Iowa  and  Missouri. 

It  is  unknown  in  the  Rocky  Mountain  States  and  Provinces  but  is 
abundant  in.  Oregon  and  California.  Gilkey  {9)  states  that  it  is 
found  ''throughout  most  of  western  Oregon,  scattered  colonies  of 
little  economic  importance  in  eastern  and  central  Oregon."  Jepson 
{12)  says  that  it  is  becoming  a  pest  in  abandoned  or  poorly  tilled 
fields  in  the  hill  country  in  northern  California  (Tuolumne  and 
Mendocino  Counties  to  Siskiyou  Countv)  at  altitudes  from  500  to 
2,300  feet. 

In  the  east  the  first  record  is  by  Cutler  (5),  in  1785,  for  Essex 
County,  Mass.,  as  follows : 

Hypericum  floribus  trigynls,  caule  aneipiti,  foliis  obtusis  pelliicido-punctatis^ 
Syst.  Nat.  St.  John's  Wort.  Blossoms  yellow.  In  fields,  July-August.  *  *  * 
The  small  dots  upon  the  leaves,  which  appear  like  so  many  perforations,  are 
said  to  contain  an  essential  oil.  The  leaves  are  given  to  destroy  worms.  The 
tlowers  tinge  spirits  and  oil  of  a  fine  purple  colour. 

Muhlenberg  (18),  in  1793,  lists  this  plant  from  Lancaster,  Pa. 
Barton  in  1793  (^),  lists  Hypericum  perforatum  or  common  St. 
John's  Wort  as  an  introduced  plant. 

Probably  the  Oregon  Trail  pioneers  of  the  forties  and  fifties  car- 
ried the  seeds  from  the  Northeastern  States  to  the  Willamette  Valley, 
Oreg.  Piper  {20)^  in  1906,  gives  Vancouver  as  the  only  locality  he 
knew  in  the  State  of  Washington  where  the  plant  occurred. 

The  first  American  manual  to  describe  the  species  was  that  of 
Pursh    {21)^  in   1814,   as   follows:  H.   perforatum.   "In   old   fields, 

3  The   description    of   the   plant    was    prepared   by    W.    W.    Eggleston,    Bureau   of   Plant 
historical   references. 
Industry.     Acknowledgment  is  made  to  Mr.  Eggleston  also  for  calling  attention  to  certain 
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meadows,  and  on  dry  hills;  common.  Common  St.  John's  Wort  has 
probably  been  introduced  from  Europe,  but  become  one  of  the  most 
pernicious  weeds." 

Although  common  in  the  East  its  control  there  has  never  been  a 
serious  problem.  In  the  foothills  of  California  conditions  are  quite 
different.  The  grasses  and  edible  weeds  of  the  pastures  grow  during 
the  rains  of  the  late  fall  and  early  winter.  Cattle  and  sheep  are 
pastured  in  the  foothills  at  this  time  but  large  areas  are  reserved  as 
'*  dry  feed  "  for  the  next  autumn  before  the  rains  start.  Unfortu- 
nately the  Hypericum  thrives  during  the  dry  times  of  summer,  grow- 
ing taller  and  more  thickly  than  in  the  East.  Klamath  weed  fairly 
crowds  out  other  plants  in  many  areas  of  the  foothills.  Therefore, 
the  need  of  methods  of  eradication  is  now  a  serious  matter  on  the 
Pacific  coast. 

EXPERIMENTAL  WORK 

The  experimental  worli  included  31  feedings  of  cattle  and  33  of 
sheep.     Table  1  is  a  sunnnarized  statement  of  this  w^ork : 
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In  one  of  the  cases,  cattle  No.  1043,  the  plant  was  partly  dried. 
In  all  the  others  air-dried  plant  was  used.  The  figures  for  dosage 
are  estimated  on  the  basis  of  green  plant,  allowing  75  per  cent  for 
loss  of  moisture. 

TYPICAL  CASE  OF   CATTLE   1042 

The  history  of  cattle  No.  1042  is  especially  interesting,  because 
this  is  the  only  one  that  died  as  a  result  of  eating"  H.  'perforatum. 
Cattle  No.  1042  was  a  yearling  heifer,  weighing  555  pounds  at  the 
time  of  the  experiment.  September  14,  1925,  she  was  given  three 
feedings  of  the  plant  at  10.55  a.  m.,  1.05  p.  m.,  and  5.30  p.  m.  The 
dry  plant  was  chopped  and  mixed  with  hay,  and  this  material  was 
kept  before  her  from  September  14  to  September  17,  but  it  is  thought 
that  none  was  eaten  after  September  14.  It  is  evident  that  she  had 
little  appetite  for  anything  after  that  day,  and  it  is  possible  that 

the  loss  of  appetite 
was  an  indication  of 
the  e  if  e  c  t  of  the 
plant.  All  told,  she 
ate  about  7  pounds 
of  plant,  or  a  trifle 
over  5  per  cent  of 
her  weight  of  plant, 
estimated  as  green. 
There  was  definite 
symptoms  of  effect 
during  September 
15.  September  16 
at  about  8  a.  m.  her 
respiration  was  ab- 
normal  and  the 
feces  were  soft.  No 
other  symptoms 
were  noted  during 
that  day  except  a 
rapid  respiration. 
On  the  morning  of 
September  17  the  respiration  was  irregular,  and  the  animal  was 
panting.  This  condition  continued  during  the  morning,  the  tem- 
perature, respiration,  and  pulse  becoming  more  rapid,  and  the  ani- 
mal showing  marked  salivation.  At  1.20  p.  m.  the  temperature  was 
106.8°  F.,  pulse  84,  and  respiration  160.  Figure  2  taken  at  12.50 
p.  m.,  shows  the  animal  at  the  time  when  she  was  much  salivated 
and  her  breathing  was  labored.  During  the  afternoon  she  was  up 
and  down,  being  down  most  of  the  time  with  a  continuation  of  the 
symptoms  of  the  morning.  As  shown  in  Figure  3  the  tempera- 
ture continued  high,  reaching  108.5°  F.  in  the  evening,  and  the 
respiration  and  pulse  rates  were  rapid.  The  respiration  was  at  one 
time  160.  Constant  observations  were  made  during  the  afternoon 
and  up  to  10.25  p.  m.  The  animal  became  weaker  as  the  afternoon 
went  on.  Figure  4,  taken  at  4.35  p.  m.,  when  the  animal  was  on 
her  feet,  shows  her  attitude  during  this  condition  of  weakness.  The 
respiration  continued  not  only  fast,  but  irregular,  and  more  or  less 
labored.     The  feces  were  soft,  and  there  was  some  drizzling  of  the 


Figure  2. — Cattle    1042,   showing   salivation   and   labored 
breathing 


TOXIC  EFFECT  OF  ST.   JOHNSWORT  ON"  CATTLE  AND  SHEEP         13 


urine.  Decided  weakness  appeared  the  latter  part  of  the  afternoon, 
and  when  she  endeavored  to  walk  she  dragged  her  hind  feet  and 
staggered.  She  was  still  able  to  get  up,  however,  and  continued 
rising  at  intervals  until  10.25  p.  m.,  the  last  observation  of  the  day. 
September  18,  at  6.40  a.  m.,  she  was  found  dead,  lying  on  the  left 
side.     The  body  was  still  warm,  so  that  death  must  have  occurred  in 
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Figure  3. — Temperature  and  rates  of  pulse  and  respiration  of  cattle  1042 


the  latter  part  of  the  night.  There  was  little  evidence  of  struggling 
before  death. 

The  autopsy  was  made  at  7  a.  m.  Petechise  and  small  hemorrhages 
were  present  on  the  ventricles  of  the  heart,  the  pericardial  fluid  was 
somewhat  excessive  and  bloody,  and  one  part  of  the  ileum  was  in- 
flamed. The  liver  was  very  light  colored,  and  the  gall  bladder 
much  distended.  The  lungs  were  slightly  congested  and  possibly 
edematous.     The  autopsy  did  not  indicate  any  serious  abnormalities. 

The  microscopical  examination  of  the  various  organs  added  to 
the  information  obtained  at  the  autopsy.     The  walls  of  the  ventricles 
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were  much  congested  in  places,  this  being  most  marked  near  the 
endocardium  of  the  left  ventricle.  Here  there  were  severe  hemor- 
rhages which  had  extended  a  little  distance  into  the  myocardium 
and  had  surrounded  some  groups  of  muscle  fibers,  causing  degen- 
erative changes  in  them.  In  other  portions  of  the  myocardium  the 
capillary  congestion  and  edema  were  less  severe.  The  liver  paren- 
chyma cells  had  undergone  more  or  less  degenerative  change.  In 
most  cases  this  was  little  more  than  well-marked,  cloudy  swelling, 
but  a  few  small  necrotic  areas  were  present,  in  which  were  many 
leucocytes.  The  spleen  was  somewhat  congested  and  contained  an 
abundance  of  hematogenous  pigment.  The  kidney  tubules  were 
somewhat  injured,  the  injury  being  of  the  acute,  parenchymatous, 


FiGUKB  4. — Cattle  1042  in  a  very  weak  condition,   the  day  bffore  her  death,   which 
occurred  four  days  aftor  the  experimental  feeding 

nephritic  type.  The  changes  here  probably  occurred  shortly  before 
the  animal  died.  The  lungs  were  somewhat  congested,  and  a  little 
serum  and  a  few  erythrocytes  were  found  in  the  alveoli.  Th6  bron- 
chial epithelium  was  somewhat  swollen,  and  in  some  cases  the 
bronchial  walls  were  congested. 


TYPICAL  CASE  OF  SHEEP  NO.   1015 

Sheep  No.  1015  was  a  4-year-old  ewe,  weighing  95.5  pounds  at  the 
time  or  the  experiment.  She  had  been  kept  under  observation  from 
July  11,  and  experimental  feeding  was  commenced  on  July  21.  A 
feeding  of  4  per  cent  of  the  animal's  weight  of  11,  jfcrforaturti  was 
given  daily  from  July  21  to  August  20,  by  balling  gun.  The  feed- 
ing was  given  in  divided  doses  three  times  daily. 

On  July  23,  the  feces  were  abnormally  soft,  which  was  the  first 
noticeable  effect  produced  by  the  plant.     On  the  next  day,  July  24, 
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the  animal  showed  very  distinct  depression.  From  this  time  on, 
the  animal  showed  increasing  depression.  The  respiration  was  ir- 
regular most  of  the  time,  but  it  is  doubtful  whether  the  irregularity- 
was  caused  by  the  plant,  as  a  similar  condition  had  been  noticed 
before  the  plant  was  fed. 

On  August  1  there  was  evidence  of  irritation  about  the  nose. 
From  August  1  to  6  the  temperature  was  somewhat  high,  and  on 
August  2  the  pulse  rate  was  abnormally  rapid.  On  August  2  she 
was  rubbing  her  nose  against  the  corral  fence,  presumably  because 
of  the  irritation. 

On  August  3  a  scabby  condition  was  noticed  on  the  nose  between 
the  nostrils.  The  nose  was  deep  purple  and  somewhat  swollen. 
This  condition  continued,  although  on  August  7  the  discoloration 
and  swelling  seemed  to  be  somewhat  lessened,  and  the  next  day  the 
scabs  were  drying  and  peeling  off. 

On  August  9,  although  the  scabs  had  disappeared  from  the  nos- 
trils, there  were  patches  on  different  parts  of  the  nose  and  on  the 
lower  lip.  On  August  10  the  areas  of  irritation  were  creeping  up 
on  the  face,  and  there  were  minute  scabs  over  the  eyes  and  spots  on 
the  ears.  These  spots,  with  the  exception  of  one  on  the  right  ear, 
had  largely  disappeared  by  August  14.  On  August  16  new  scabs 
appeared  below  the  eyes  and  above  the  right  eye.  These  developed 
more  strongly  in  the  next  day  or  two,  but  on  August  20  this  condi- 
tion of  irritation  had  very  nearly  cleared  up  and  no  more  lesions 
appeared.  The  animal  was  in  good  general  condition,  and  the  signs 
of  depression  had  largely  disappeared. 

On  August  21  the  sheep  appeared  practically  normal  and  was 
turned  into  the  pasture.  Her  weight  at  that  time  was  91  pounds. 
Considering  her  age,  the  animal  maintained  her  weight  fairly  well 
during  the  experiment.  It  should  be  noted  that  while  the  depres- 
sion and  irritation  about  the  face  were  without  doubt  produced  by 
the  plant,  the  irritation  gradually  disappeared  while  the  plant  was 
still  being  fed.  The  case  was  interesting  as  showing  that  while  the 
plant  presumably  can  produce  a  toxic  effect,  that  effect  is  slight, 
and  it  is  a  matter  of  much  doubt  whether  under  range  conditions 
any  injurious  effect  would  have  been  noticed.  While  the  symptoms 
were  not  pronounced,  the  general  character  of  the  effect  may  be 
considered  as  typical  of  what  may  be  expected  from  feeding  H. 
perforatum  to  sheep. 

DISCUSSION  AND  GENERAL  CONCLUSIONS 

SYMPTOMS 

CATTLE 

Twenty  head  of  cattle  were  affected  by  the  plant  during  the  ex- 
periments. In  19  of  these  animals  there  was  an  increase  in  the  rate 
of  respiration.  In  some  cases  the  respiration  was  irregular  and 
accompanied  by  panting,  but  in  only  one  of  them  could  it  be  con- 
sidered as  distinctly  labored.  With  this  rapid  respiration  in  6  cases 
there  was  a  higher  temperature,  and  in  12  an  abnormally  rapid  pulse. 
Soft  feces  were  noted  in  14  animals.  In  some  cases  this  condition 
merged  into  a  distinct  diarrhea.  Depression  was  noticed  in  4.  In 
addition  to  the  symptoms  which  appeared  in  the  other  animals, 
cattle  No.  1042,  which  died,  had  salivation,  weakness,  and  a  dribbling 
of  urine.     None  of  the  animals,  except  the  one  that  died,  could  be 
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considered  as  very  sick,  although  the  symptoms  were  distinctly 
marked  in  all.  Because  of  the  statements  that  feeding  H.  perforatmn 
when  the  animals  are  kept  in  the  sunlight  is  followed  by  a  severe 
dermatitis  on  unpigmented  areas,  most  of  the  experimental  cattle 
were  either  white  or  had  white  spots,  and  were  kept  in  bright  sun- 
light. Few  of  them,  however,  showed  any  indication  of  such  symp- 
toms and  none  of  them  showed  any  serious  dermatitis.  The  most 
marked  case  was  cattle  No.  1134,  which  was  uneasy,  continually 
switching  its  tail,  and  kicking  with  its  hind  feet.  The  brand  scars 
were  inflamed  and  covered  with  a  serous  exudate  and  were  licked 
until  they  become  raw.  *  The  behavior  of  the  animal  was  apparently 
caused  by  a  cutaneous  irritation. 

Cattle  No.  1133  showed  similar  symptoms,  switching  its  tail  and 
licking  the  brand  scab  until  the  surface  was  raw  and  bloody;  this 
animal,  too,  had  areas  of  dermatitis  on  the  muzzle.  In  cattle  No. 
1140  the  brand  scabs  became  inflamed  and  bloody,  but  there  was  no 
other  evidence  of  irritation.  Cattle  No.  1130  had  small  scabs  on  the 
nose  but  no  other  symptoms.  These  four  were  the  only  cattle  that 
showed  any  symptoms  indicating  skin  irritation. 

It  is  a  matter  of  some  interest  that  preceding  authors  do  not 
mention  the  rapid  respiration  and  pulse  and  high  temperature  which 
were  noted  in  the  cattle,  nor  do  they  cite  cases  of  death  without  the 
production  of  the  typical  dermatitis. 


In  the  feeding  of  sheep  only  white  animals  were  used.  Thirty- 
three  sheep  were  fed,  and  of  these  11  were  affected.  Seven  had  soft 
feces,  and  3  had  diarrhea.  Four  were  distinctly  depressed,  and  6 
were  nauseated,  1  was  vomiting.  A  higher  temperature  was  noted 
in  8  and  an  increased  pulse  rate  in  4.  Respiration  was  accelerated  in 
1.  One,  No.  1006,  was  salivated.  There  was  a  dermatitis  on  the 
nose  in  3  of  the  sheep,  Nos.  1015,  1011,  and  1029,  and  it  appeared  also 
in  the  ears;  in  2  of  them  the  dermatitis  appeared  also  on  the  face. 
This  was  seen  in  small,  scabby  spots.  In  no  case  was  it  very  pro- 
nounced. Sheep  No.  1015,  in  which  this  condition  was  most  notice- 
able, apparently  felt  the  irritation,  as  it  was  found  rubbing  its  face 
against  the  corral  fence.  In  sheep  No.  1011  the  skin  of  the  face 
seemed  unusually  sensitive. 

The  dermatitis  seen  in  the  sheep  and  cattle  was  very  slight  and 
not  at  all  comparable  with  that  which  is  said  in  literature  to  be 
characteristic  of  the  effect  produced  by  //.  perforatum  on  white  or 
white-spotted  animals  in  the  presence  of  sunlight.  It  may  be  sig- 
nificant that  of  the  seven  animals  that  exhibited  dermatitis,  cattle 
Nos.  1130,  1133,  1134,  and  1140,  and  sheep  Nos.  1015,  1011,  and  1029, 
all  but  two  were  given  the  plant  for  five  days  or  more. 

So  far  as  shown  by  these  experimental  feedings,  it  appears  that 
cattle  or  sheep  eating  H.  perforatum  may  have  an  increased  pulse 
rate,  a  higher  temperature,  and  rapid  respiration.  The  abnormal 
characteristics  of  the  pulse  and  respiration  were  more  noticeable  in 
the  cattle  than  in  the  sheep.  A  laxative  effect  is  ])roduced  on  the 
bowels  and  this  may  become  a  diarrhea.  A  slight  dermatitis  may 
appear  on  the  nose,  face,  and  ears,  and  other  parts  of  the  body  may 
be  slightly  hypersensitive.  In  no  case,  however,  was  there  a  severe 
dermatitis. 
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TOXIC  AND  LETHAL  DOSAGE 


The  minimum  toxic  dose  was  in  the  case  of  sheep  No.  1000,  which 
received  by  balling  gun  4  per  cent  of  its  weight  in  one  day  and  showed 
slight  symptoms.  Sheep  No.  946  was  poisoned  by  6  per  cent  received 
in  one  day  and  sheep  No.  1050  on  5.6  per  cent  in  one  day.  Sheep  No. 
1006  showed  symptoms  after  receiving  8  per  cent  in  two  days. 
Sheep  No.  1058  received  204  per  cent  of  its  weight  in  daily  doses  of 
4  per  cent  with  no  effect,  and  sheep  No.  1015  received  124  per  cent 
in  daily  doses  of  4  per  cent,  producing  symptoms,  but  not  of  a  serious 
character.  It  is  evident  that  the  experimental  evidence  in  regard  to 
the  toxic  dosage  for  sheep  is  very  indefinite.  It  appears  that  a  4  per 
cent  dose  in  one  day  may  produce  symptoms,  but  that  some  animals 
may  receive  this  quantity  daily  for  a  long  period  without  any  effect. 
No  sheep  died. 


The  mimimum  toxic  dose  in  cattle  was  1.18  per  cent  of  animal 
weight  given  to  cattle  No.  1105  in  two  days  with  an  average  daily 
amount  of  0.59  per  cent. 

The  maximum  ineffective  dose  was  given  to  cattle  No.  1133,  59.76 
per  cent  in  daily  doses  of  1.5  per  cent.  Cattle  No.  1101  in  two  sep- 
arate experiments  was  affected  by  1.5  per  cent  given  in  one  day. 

Cattle  No.  1042  was  killed  by  5.04  per  cent  eaten  in  one  day.  But 
cattle  No.  1133  ate  5'.9  per  cent  in  one  day  and  cattle  No.  1135  ate  5 
per  cent  without  any  effect.  It  appears  that  about  1  per  cent  may 
produce  toxic  effect  and  that  about  5  per  cent  may  be  lethal. 

However,  as  in  the  case  of  sheep,  large  quantities  may  be  eaten, 
not  only  in  single  doses,  but  for  a  prolonged  period  without  an}^ 
harm. 

AVhile  these  results  are  far  from  giving  definite  data  in  regard 
to  dosage,  it  is  apparent  that  the  plant  is  much  more  toxic  for  cattle 
than  for  sheep. 

TIME  FROM  CONCLUSION  OF  FEEDING  TO   SYMPTOMS 

With  regard  to  the  animals  which  received  the  plant  in  hay,  there 
were  no  definite  date  as  to  the  time  at  which  the  feeding  was  con- 
cluded, but  this  time  Avas  known  definitely  in  the  case  of  those  fed 
by  balling  gun ;  the  cattle  fed  by  balling  gun  received  the  plant  in  a 
single  feeding.  Table  2  contains  the  data  obtained  from  those  cattle 
on  the  interval  between  feeding  and  the  appearance  of  s3^mptoms. 

Table  2. — Time   elapsing   hetiveen   corwlusion  of   feeding   St.   Johnswort    and 
appearance  of  symptoms  in  cattle 


Cattle  No. 

Date  of 
feeding 

Time  of  first  symp- 
toms 

Cattle  No. 

i 

1 

Date  of 
feeding 

Time  of  first  symp- 
toms 

Hours 

Minutes 

Hours 

Minutes 

Aug.   13 
Sept.    3 
Sept.    6 

19 
27 
25 

18 
0 
15 

1105 

Sept.  10 
Sept.  13 
Sept.  20 

26 
21 
21 

15 

1  1069 

50 

1069 

!  1105 

IS 

1 
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This  table  shows  that  the  maximum  time  elapsing  from  the  con- 
clusion of  the  feeding  to  the  onset  of  symptoms  was  27  hours  and 
the  minimum  was  19  hours  and  18  minutes,  the  average  being  23 
hours  and  29  minutes.  It  is  rather  surprising  that  the  deviations 
from  th.e  average  are  no  greater,  especially  as  the  dosage  varied  from 
1.25  to  4.5  per  cent  of  animal  weight.  There  is  no  correlation  be- 
tween the  length  of  time  before  symptoms  appeared  and  the  size  of 
the  dose. 

Only  two  of  the  sheep  received  the  plant  in  one  day.  Sheep  No. 
946  was  fed  by  balling  gun  between  10.55  and  11.15  a.  m.,  and  again 
between  3.10  and  3.35  p.  m.  Symptoms  appeared  the  next  morning, 
16  hours  and  54  minutes  after  the  conclusion  of  the  second  feeding. 

Sheep  No.  1070  was  fed  by  balling  gun  five  times  between  10.22 
a.  m.  and  4.54  p.  m.  The  first  symptom  was  noted  39  hours  and  47 
minutes  after  the  conclusion  of  the  last  feeding. 

Sheep  No.  1067  was  fed  by  balling  gun  two  days.  On  the  first  day 
it  was  fed  three  times  between  11.40  a.  m.  and  4  p.  m.,  and  on  the 
following  day  it  was  fed  twice  between  11.08  a.  m.  and  1.30  p.  m. 
Definite  symptoms  appeared  66  hours  and  46  minutes  after  the  con- 
clusion of  the  last  feeding. 

AU  the  other  sheep  were  fed  for  several  days  and  the  symptoms 
appeared  while  the  feeding  was  being  carried  on.  In  these  cases  of 
prolonged  feeding  the  symptoms  appeared  at  intervals  varying  from 
the  second  to  the  sixteenth  day  of  the  feeding. 

While  the  experiments  on  both  cattle  and  sheep  were  too  few  in 
number  for  any  definite  conclusions,  there  was  considerable  uni- 
formity in  the  time  required  to  poison  cattle,  whereas  the  time  re- 
quired to  poison  sheep  varied  widely.  In  general,  the  time  before 
symptoms  appeared  was  less  in  the  case  of  the  cattle. 

DURATION    OF    SICKNESS 

Table  3  shows  the  time  elapsing  from  the  first  to  the  last-noted 
symptoms.  The  actual  times  during  which  the  animals  were  sick 
were  probably  longer  than  those  given  in  the  table,  as,  when  the 
animals  were  not  under  constant  observation,  they  may  have  been 
affected  before  the  first  time  noted,  and  there  is  also  an  indefiniteness 
about  the  conclusion  of  the  sickness,  inasmuch  as  the  toxic  effect 
may  have  continued  somewhat  after  the  last  note  was  made.  Cattle 
No.  1130  is  not  included  in  this  table  as  it  was  returned  to  the  owner 
before  the  dermatitis  disappeared. 
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Tabole  3. — Duration   of   sickness   in  cattle   and   sheep   caused    hij   feeding   St. 

Johnswort 


Time  sick 

Animal  No. 

Time  sick 

Animal  No. 

Days 

Hours 

Min- 
utes 

Days 

Hours 

Min- 
utes 

Cattle: 

1043.. 

2 

11 

1 

1 

4 
22 

8 

8 
18 
23 

6 

8 

35 

27 

5 

""si 

Cattle— Continued. 
1152 

2 

2 
3 
3 

4 

-- 

3 

5 

1042      .  . 

1153 

36 

1101  (June  17) 

1154               .             

1101  (June  21-22) 

1133 

16  1 

1105  (July  2&-27) 

Sheep: 

23 
20 

1069  (July  28- Aug.  6) 

6 

1 

29 

1105  (Aug.  13) 

946 

4 

1105  (Sept.  3)2 

1000 

4  i 

1069  (Sept.  6) 

1 

""23" 

21 

6 

20 

8 

30 
40 
50 
5 
5 
25 
19 

1006 - 

19 
28 
9 
1 
5 
4 
2 

1105  (Sept.  10) 

1015 

1069  (Sept.  13) 

1011 

1105  (Sept.  20) 

2 
4 

1050                                    
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1  Sickness  terminated  in  death. 

2  Sickness  noted  on  1  observation  only. 

Of  the  cattle  that  recovered,  the  maximum  duration  of  the  symp- 
toms was  in  the  case  of  No.  1069,  which  was  sick  for  6  days  and  28 
hours,  following  feedings  between  July  28  and  August  5.  The  mini- 
mum time  was  in  the  case  of  cattle  No.  1105,  fed  on  September  3, 
on  which  only  a  single  observation  was  made.  The  average  of  all 
the  cattle  that  recovered,  including  No.  1105,  in  which  a  single  obser- 
vation was  made,  was  2  days,  3  hours,  and  8  minutes.  In  the  case 
of  the  animal  that  died,  cattle  No.  1042,  the  duration  of  illness  was 
1  day,  22  hours,  and  8  minutes.  A  comparison  of  the  duration  of 
illness  with  the  dosages  shows  that  the  larger  doses  were  not  corre- 
lated with  the  longer  time. 

The  average  duration  of  illness  of  the  sheep  affected  by  the  plant 
was  7  days,  14  hours,  and  29  minutes,  the  maximum  being  28  days 
and  the  minimum  4  hours.  A  comparison  of  the  period  of  sickness 
of  the  cattle  and  sheep  shows  that  in  these  experiments  the  duration 
was  distinctly  longer  in  the  sheep.  The  average  duration  in  the 
sheep  w^as  approximately  three  times  that  in  the  cattle,  and  the  maxi- 
mum was  about  seven  times. 

However,  in  the  cases  of  long  illness  of  sheep  the  feeding  was  con- 
tinued after  the  symptoms  were  noted.  The  feeding  of  cattle,  on 
the  other  hand,  ordinarily  ceased  with  the  appearance  of  symptoms. 

The  only  published  data  in  regard  to  the  appearance  and  disap- 
pearance of  symptoms  are  given  by  Dodd  {8).  About  the  only 
symptoms  he  noted  were  those  connected  with  dermatitis.  He  says 
that  a  sheep  was  affected  in  13  days  of  continuous  feeding  of  the 
young  plant  before  flowering  on  a  variable  daily  dosage  with  a 
maximum  of  4.5  pounds.  The  symptoms  disappeared  in  about  one 
month  after  the  cessation  of  feeding;  the  feeding  had  been  continued 
for  34  days  from  the  beginning  of  the  experiment. 


20        TECHNICAL  BULLETIN   2  02,   U.   S.   DEPT.   OF  AGRICULTURE 
^  EFFECT  OF  REPEATED  FEEDINGS 

Cattle  No.  1011  was  fed  three  times  during  the  summer  of  1926, 
cattle  No.  1105  five  times,  cattle  No.  1133  was  fed  continuously 
from  July  22  to  September  15,  1928,  and  cattle  No.  1069  -four  times. 
It  would  seem  possible  from  these  repeated  feedings  to  obtain  infor- 
mation on  cumulation  or  acquired  toleration.  Table  5  shows  the 
results  of  these  feedings. 

Table  4. — Results  of  repeated  feedings  of  cuttle 


Cattle  No. 

Date  of  feeding 

Dosage,  per  cent  of  animal 
weight  (green  plant  basis) 

Result 

1101 

June  17 

1.50  in  1  day 

Symptoms. 
Sick. 

June  21-22      

1.50  in  2  days     

June  25              . 

1.50  in  1  day 

No  effect 

1105-- --- 

July  26-27... 

1.18  in  2  days     

Symptoms. 

Aug.  13         

1.25  in  1  day 

Sept.  3 

2  in  1  day 

Do 

Sept.  10  -. 

3  in  1  day . 

Sept.  20 

4.50  in  1  day 

Do. 

1069 

July28-Aug.  5. 

Aug.  16 

1.75  or  less  in  1  day 

Sick 

1.50  or  less  in  1  day     .  . 

No  effect. 

Sept.  6 

2.53  or  less  in  1  day 

Sick. 

Sept.  13 

Do. 

1133 

July  22-Sept.  15. 

1.3  to  6.3  daily 

Symptoms  Sept.  14,  after  6.3  per 
cent  Sept.  13. 

In  the  case  of  cattle  No.  1101,  the  same  dosage,  1.5  per  cent,  was 

fiven  three  times,  and  in  two  cases  was  fed  in  a  single  day.  In  the 
rst  feeding,  June  17,  there  was  a  slight  effect.  In  the  second  feed- 
ing, June  21  and  22,  given  in  two  days,  the  animal  was  made  sick. 
In  the  third  feeding,  three  days  later,  given  in  one  day,  the  animal 
was  not  affected.  It  might  be  inferred  from  the  first  two  feedings 
that  No.  1101  had  an  increased  susceptibility  because  of  the  first 
feeding.  The  third  feeding,  however,  would  negative  this  inference. 
In  this  case  there  seems  to  be  no  evidence  that  either  toleration  or 
increased  susceptibility  was  produced.  In  the  cases  of  Nos.  1105 
and  1069,  no  more  definite  conclusions  can  be  drawn.  The  data 
simply  seem  to  indicate  that  between  a  dosage  of  1  or  1.5  and  4.5 
per  cent  there  is  very  little  difference  in  effect,  and  taking  the  cases 
together  it  is  not  clear  that  there  is  either  increased  susceptibility 
or  toleration.  Cattle  No.  1133  received  1.5  per  cent  of  its  weight 
daily  from  July  22  to  August  30  with  no  effect;  on  August  31  it 
received  4.32  per  cent  with  no  result;  September  1  and  2  it  had  a 
total  of  2.59  j)er  cent;  on  September  3  it  had  5.9  per  cent.  The 
feeding  was  continued  until  on  September  14  after  eating  6.3  per 
cent  on  the  preceding  day,  it  showed  symptoms.  In  the  early  feed- 
ings it  received  quantities  that  had  been  toxic  in  other  cases.  AVhile 
there  is  a  possibility  that  in  this  long-continued  feeding  it  acquired 
a  toleration  for  the  poison,  it  is  also  possible  that  the  animal  may 
liave  had  less  susceptibility  to  the  poison  than  others. 

IMPORTANCE  AS  A  STOCK-POISONING  PLANT 

While  the  experimental  work  showed  that  the  11.  perforatum  from 
northern  California  may  poison  cattle  and  sheep,  it  is  evidently  not 
a  very  poisonous  plant.  Under  range  conditions  there  is  doubt 
whether  stock  would  eat  enough  to  do  any  harm,  unless  feed  were 
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SO  scanty  as  to  produce  nearly  starvation  conditions.  This  is  very 
different  from  the  statements  quoted  in  the  historical  introduction 
in  regard  to  Europe,  northern  Africa,  and  Australia,  where  the  losses 
are  said  to  have  been  serious. 

Although  many  American  authors  have  treated  of  the  poisonous 
properties  of  this  plant,  they  have  drawn  their  material  to  a  large 
extent,  from  European  sources.  While  a  number  of  cases  of  poison- 
ing, supposed  to  be  caused  by  St.  Johnswort,  have  been  reported  in 
the  neighborhood  of  Washington,  D.  C,  one  of  which  was  reported 
by  Chesnut  (S)  in  1898,  there  is  little  definite  proof  in  North 
America  to  show  the  connection  of  this  plant  with  any  serious  cases 
of  poisoning.  In  1863  Randall  (23)  expressed  himself  as  very  skep- 
tical about  the  injurious  character  of  the  plant. 

Without  attempting  to  explain  the  serious  effects  reported  from 
other  parts  of  the  world,  the  authors  of  this  paper  feel  that  there  is 
every  reason  to  think  that  this  plant  can  not  be  regarded  as  an 
important  poisonous  plant  in  North  America. 

SUMMARY 

St.  Johnswort,  Hypericu7?i  perforatuin^  has  long  been  considered 
an  important  stock-poisoning  plant  in  Europe,  northern  Africa,  and 
Australia.  Various  observers  have  reported  that  domestic  animals 
feeding  on  this  plant  developed  inflammation  and  ulcers  on  unpig- 
mented  portions  of  the  body,  resulting  in  sickness  and  many  times  in 
death. 

Cases  of  poisoning  have  been  reported  in  the  United  States,  but 
there  has  been  no  preceding  experimental  proof  and  the  reported 
losses  have  not  been  large. 

In  recent  years  the  plant  has  spread  abundantly  on  the  ranges  in 
northern  California  and  it  seems  desirable  to  settle  the  question  of 
possible  harmful  effect  of  the  plant  when  eaten. 

Through  a  cooperative  arrangement  with  the  University  of  Cali- 
fornia, a  quantity  of  the  plant  was  collected  at  different  times  and 
fed  to  cattle  and  sheep  during  the  years  1925  to  1928,  inclusive. 

Cattle  and  sheep  were  affected  b}^  these  feedings,  having  high 
temperature,  rapid  pulse  and  respiration,  tendency  to  diarrhea,  and 
mild  dermatitis. 

Although  the  plant  is  evidently  toxic,  deaths  rarely  occur  and 
ordinarily  the  poisonous  effects  are  not  very  pronounced,  and  when 
so,  only  after  a  large  dosage.  Dermatitis  was  produced  in  only  a 
few  cases  and  in  those  w^as  slight :  the  dermatitis  was  not  at  all  com- 
parable with  that  described  in  literature. 

As  one  of  the  possible  forage  plants  on  the  ranges  of  California 
St.  Johnswort  is  not  likely  to  be  a  source  of  much  trouble  because  of 
its  toxic  properties. 
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OBJECT  OF  THE  EXPERIMENT 

An  experiment  was  begun  in  1924  by  the  Arkansas  Agricultural 
Experiment  Station  and  the  State  Agricultural  and  Mechanical  Col- 
lege in  cooperation  with  the  United  States  Department  of  Agriculture, 
in  which  purebred  Aberdeen-Angus  calves,  first-cross  and  second- 
cross  Aberdeen- Angus  calves,  and  Arkansas  native  calves  were  com- 
pared as  sources  of  beef.  In  conducting  the  experimental  work,  data 
were  collected  to  compare  the  weight,  height  at  the  withers,  and  heart 
girth  of  calves  at  birth,  the  gains  made  by  the  calves  to  weaning  time, 
the  feed  requirements  for  fattening  the  calves,  the  quantity  and 
quality  of  dressed  beef  produced,  and  the  financial  returns  for  calves, 
ranging  from  purebred  to  native. 

PLAN  OF  EXPERIMENT  AND  DESCRIPTION  OF  CATTLE 

The  cattle  used  in  the  experiment  were  kept  on  the  farm  of  the 
State  Agricultural  and  Mechanical  College  at  Jonesboro,  Ark.,  under 
the  supervision  of  A.  C.  Cook  from  1924  to  1927,  and  of  H.  W. 
Hollard  from  1927  to  1928,  members  of  the  faculty  of  the  college, 
and  part-time  employees  of  the  Animal  Husbandry  Division,  United 
States  Department  of  Agriculture.  William  Lovard  Davis,  a  stu- 
dent at  the  college,  fed  and  cared  for  the  cattle  throughout  most  of 
the  experiment. 
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The  work  began  with  the  selection  of  40  cows,  which  were  divided 
into  four  lots  of  10  each.  The  breeding  of  the  cows  was  as  follows: 
Lot  1,  purebred  Aberdeen- Angus ;  lot  2,  grade  Aberdeen-Angus,  the 
sire  being  purebred  Aberdeen-Angus  and  the  dams  of  nondescript 
breeding  common  to  eastern  Arkansas;  lot  3,  Arkansas  native;  and 
lot  4,  Arkansas  native.  Lots  1,  2,  and  3  were  bred  to  a  purebred 
Aberdeen- Angus  bull  and  lot  4  to  an  Arkansas  native  bull. 

The  20  native  cows  and  1  bull  which  were  selected  in  Drew  County, 
Ark.,  for  the  experiment,  were  comparable  to  razorback  hogs,  the 
piney  woods  rooters  of  the  central  plains,  and  to  longhorn  cattle,  in 
that  they  showed  no  evidence  of  having  any  immediate  relationship 
to  any  improved  breeds  and  in  that  they  were  accustomed  to  shift 
for  thiBmselves  the  year  round  in  large,  forested  areas,  with  little  or  no 
harvested  feed.  The  cattle  probably  had  received  a  little  feed  from 
cornfields  and  cotton  fields  during  the  winter.  Their  type  was  indeed 
an  example  of  the  survival  of  the  fittest,  since  their  hardiness  and 
prolificacy  were  evident.  During  the  experiment  they  had  much 
better  care  and  feed  than  they  had  been  accustomed  to  and  responded 
very  satisfactorily,  producing  strong  calves  and  supplying  them  Ub- 
erally  with  milk.  The  cows  practically  doubled  their  weight  during 
the  experiment  while  the  bull  quadrupled  his  weight.  The  cows 
appeared  to  be  from  2  to  4  years  old. 

It  is  well  known  that  before  the  Civil  War  a  considerable  number 
of  well-bred  cattle  of  both  beef  and  dairy  breeding  were  brought  to 
the  plantations  of  eastern  Arkansas  by  owners  who  took  pride  in  the 
excellence  of  their  livestock.  Those  cattle  undoubtedly  were  crossed 
with  cattle  of  no  particular  breeding  such  as  moved  westward  with 
the  first  settlers  as  the  frontier  advanced  westward  and  northward 
from  the  Atlantic  and  Gulf  coasts.  These  native  cattle  of  southeast- 
ern Arkansas  are  small  and  have  rather  short  horns.  Some  of  their 
ancestors  may  have  been  Spanish  or  French  cattle. 

The  10  purebred  cows  and  1  purebred  bull  were  taken  from  the 
herd  which  had  been  established  at  the  State  Agricultural  and  Me- 
chanical College  in  1916  and  added  to  from  time  to  time  by  the  pur- 
chase of  bulls  and  additional  cows.  The  10  grade  cows  were  purchased 
in  Cross  County,  and  the  20  native  cows  and  1  bull  were  purchased  in 
Drew  County  in  the  spring  of  1924.  In  the  selection  of  these  cattle 
an  effort  was  made  to  have  them  as  nearly  representative  as  possible 
of  the  class  of  animals  to  which  they  belonged.  Cows  from  3  to  4  years 
old  with  calves  at  side  or  apparently  safe  with  calf  were  sought  to 
avoid  beginning  with  nonbreeders.  An  exception  to  this  poUcy  was 
necessary,  however,  in  replacing  the  purebred  cows,  as  funds  were  not 
always  available  to  purchase  proved  breeders,  and  heifers  were  ac- 
cepted. Table  1  -fthows  the  weights  and  gains  of  each  of  the  four  lots 
of  cows  during  the  period  of  the  experiment  of  four  summers  and  three 
winters.    Footnotes  to  the  table  give  data  relative  to  replacements. 

Because  the  purebred  cows  had  been  more  liberally  fed  and  were 
better  grown  and  fatter  than  the  grades  and  natives,  they  made  much 
smaller  gains  during  the  experiment.  Of  the  original  cows  in  the  ex- 
periments, 6  purebreds  maae  an  average  gain  of  133  pounds  per  head 
m  three  years;  8  grades,  240  pounds  per  head;  8  natives  in  lot  3,  388 
pounds  per  head;  and  10  natives  in  lot  4,  420  pounds  per  head.  The 
bulls  were  kept  at  the  bam  in  small  paddocks  and  fed  separately 
except  during  the  breeding  season,  when  each  was  turned  on  the 
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pasture  with  the  cows  which  he  was  to  breed.  While  on  pasture  the 
bulls  had  no  supplemental  feed.  During  the  first  summer,  1924, 
the  Aberdeen- Angus  bull  was  with  the  cows  of  lots  1,  2,  and  3  from 
June  18  to  July  30,  when  he  was  shipped  to  another  State  college, 
while  the  native  bull  was  with  lot  4  from  June  18  to  August  13.  Dur- 
ing the  second  summer  the  bulls  were  on  pasture  with  their  respective 
lots  of  cows  from  June  4  to  July  22,  and  from  July  30  to  August  21. 
During  the  third  year,  the  breeding  season  extended  from  May  20  to 
August  19,  1926. 

Table  1. — Average  initial  and  final  weights,  and  average  gains  of  the  four  lots 
of  cows  for  the  summer  grazing  and  winter  feeding  periods,  June  17,  1924- 
October  20,  1927 


Season 

Days 

Cow 

Weight  of  cows 

Gain  (+) 

Initial 

Final 

orloss(— ) 

Summer,  1924 

Number 
156 
140 
224 
140 
224 
140 
196 

Number 
18 
10 

29 

10 

39 

10 
10 

Pounds 
878 
985 

1,006 
970 

1,067 
944 
968 

Pounds 

1,007 

1,005 

984 

1,095 

956 

968 

970 

Pounds 
+129 

Winter,  1924-25     

+20 

Summer,  1925 

—22 

Winter,  1925-26 

+125 

Summer,  1926                _     

—  111 

Winter,  1926-27 

+24 

Summer,  1927.. 

+2 

Four  summers 

36 
30 

982 
966 

978 
1,022 

—4 

+56 

Summer,  1924 

2,  first-cross  grades 

156 
140 
224 
140 
224 
140 
196 

<8 
10 
MO 
MO 
10 
10 
10 

647 

784 
846 
855 
907 
867 
847 

801 
846 
855 
907 
867 
8-17 
879 

+154 

Winter,  1924-25.          

+62 

Summer,  1925 

+9 

Winter,  1925-26 

+52 

Summer,  1926        .     _. 

-40 

Winter,  1926-27 

—20 

Summer,  1927... 

+32 

Four  summers 

38 
30 

820 
835 

853 
866 

+33 

+31 

Summer,  1924.  _  ..        

156 
140 
224 
140 
224 
140 
196 

3,  natives 

10 
10 

69 

9 

78 

"9 
10 

440 
637 
693 
795 
854 
749 
787 

637 
691 
795 
855 
745 
804 
809 

+197 

Winter,  1924-25  .          

+54 

Summer,  1925 

+102 

Winter,  1925-26 

+60 

Summer,  1926                   ... 

-109 

Winter,  1926-27 

+55 

Summer,  1927 ... 

+22 

Four  summers 

37 

28 

685 
724 

745 
780 

+60 

Three  winters 

+56 

Summer,  1924 

4,  natives.     

156 
140 
224 
140 
224 
140 
196 

10 
10 
10 
10 
10 
10 
10 

430 
616 
669 
737 
792 
808 
780 

616 
669 
737 
792 
808 
78^ 
815 

+186 

Winter,  1924-25 

+53 

Summer,  1925.  

+68 

Winter,  1925-26 

+55 

Summer,  1926 

+16 

Winter,  1926-27 

-28 

Summer,  1927.. 

+35 

Four  summers  .. 

40 
30 

668 
720 

744 
747 

+76 

Three  winters 

+27 

1  There  were  10  Aberdeen-Angus  cows  until  2  were  killed  by  a  train  on  Sept.  10.  Two  heifers  purchased 
from  Ames  plantation  were  put  with  the  original  cows,  Oct.  8,  but  were  not  included  in  the  experimental 
data  until  Nov.  20. 

2  There  were  10  cows  until  1  died  on  account  of  buckeye  poisoning  Sept.  27. 

3  One  Aberdeen-Angus  cow  was  removed  May  6  on  account  of  being  a  nonbreeder. 

*  One  cow  wa,s  crippled  on  the  second  day  and  consequently  she  was  not  included  in  the  experiment. 
Another  cow  was  injured  by  a  train  on  Sept.  10.  Two  new  cows  from  the  same  plantation  as  the  original 
ones  were  put  with  them  on  Oct.  8  but  were  not  included  in  the  experimental  data  until  Nov.  20. 

«  One  cow  was  badly  cut  on  both  front  legs  by  barbed  wire  Oct.  13  and  did  not  recover  until  about  Dec.  17. 

6  As  one  cow  was  crippled  by  the  bull  on  July  2  she  was  removed  from  the  experiment  for  the  summer 
period,  but  her  calf  was  retained  for  winter  feeding. 

7  Another  cow  was  removed  on  June  3  because  she  was  a  nonbreeder  The  herd  was  brought  up  to  10 
head  again  when  2  cows  were  put  with  the  lot  on  Aug.  25.  Thev  were  not  counted  in  the  experiment  until 
Nov.  18. 

'  Average  initial  and  final  weights  are  given  for  the  9  head  which  were  in  the  experiment  throughout  the 
winter  feeding  period.  One  of  the  10  with  which  the  period  was  begun,  died  Jan.  2  of  pneumonia.  A  sub- 
stitute for  the  missing  cow  was  put  into  the  lot  Feb.  10. 
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METHODS  OF  HANDLING  THE  CATTLE 

All  the  cattle  were  weighed  on  three  consecutive  days,  June  16,  17, 
and  18,  1924,  the  average  of  the  three  weighings  of  each  animal  being 
used  as  its  initial  weight.  Photographs  such  as  are  shown  in  Figures 
1  to  5  were  taken  of  each  of  the  40  cows  and  2  bulls  at  the  beginning  of 
the  experiment.  The  background  consisted  of  a  board  panel  painted 
white  with  vertical  and  horizontal  heavy  black  lines  1  foot  apart  each 
way.  With  each  animal  the  same  distance  in  front  of  such  a  cross- 
section  background  and  with  the  camera  at  the  same  place  each  time, 
comparable  photographs  of  the  height  and  length  of  the  cattle  were 
obtained. 

The  Arkansas  native  bull  had  an  initial  weight  of  312  poimds,  while 
his  final  weight  June  30,  1927,  practically  three  years  later,  was  1,200 
pounds.     After  the  first  breeding  season  the  Aberdeen-Angus  bull 


Figure  1.— The  purebred  Aberdeen-Angus  bull  used  during  the  first  breeding  season, 
which  replaced  him  was  smoother,  more  compact,  and  had  more  quality 


The  bull 


was  replaced  by  one  more  suitable  for  the  purebred  cows.  His  initial 
weight,  August  13,  1924,  at  2)^  years  of  age,  was  1,380  pounds,  while 
his  final  weight  on  August  25,  1927,  practically  three  years  later, 
was  1,325  pounds. 

The  four  lots  of  cows  were  handled  as  nearlv  alike  as  possible 
throughout  the  experiment.  The  average  initial  and  final  weights 
and  gains  for  each  of  the  lots  for  each  summer  and  winter  period  are 
given  in  Table  1.  During  the  grazing  periods  two  pastures  were  used. 
While  one  pasture  contained  94  acres  and  the  other  contained  48  acres, 
their  carrymg  capacity  was  similar,  because  the  larger  one  was  partly 
wooded.  These  pastures,  the  only  ones  available  for  the  experimental 
work,  were  bounded  by  two  railroads  and  a  drainage  ditch.  The 
barbed- wire  fences  and  water, gates  along  the  railroads  were  responsible 
for  most  of  the  losses  mentioned  in  the  footnotes  of  Table  1.  Lots 
1,  2,  and  3,  which  were  bred  to  the  purebred  bull,  were  kept  on  one 
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pasture,  while  lot  4,  bred  to  the  native  bull,  was  kept  on  the  other 
pasture.  Every  two  weeks  after  the  beginning  of  each  grazing 
season  the  two  groups  were  changed  from  one  pasture  to  the  other 


H. 


^%^ 


m4- 


Figure  2.— The  Arkansas  native  bull  used  throughout  this  oxperiment.    This  photograph  was  taken 
at  the  beginning  of  the  experiment,  when  he  weighed  312  pounds 


Figure  3.— Purebred  Aberdeen-Angus  cow  typical  of  the  purebreds  used  in  the  experiment 

SO  that  each  group  was  on  one  of  the  pastures  half  the  time  and  on  the 
other  pasture  the  other  half  of  the  time.  During  the  winter  feeding 
period  each  lot  was  fed  practically  the  same  quantity  of  feed  per  1,000 
pounds  live  weight,  as  shown  in  Table  2, 
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COST  OF  THE  WEANLING  CALVES 


The  following  prices  per  ton  for  feed  have  been  used  to  calculate 
the  cost  of  wintering  the  cows  and  fattening  the  calves:  Sorgo  silage, 
$6;  shelled  corn,  $25;  corn-and-cob  meal,  $20;  rice  bran,  $20;  cotton- 


J,    - 

- \ ^ i i 1 [ 1 i ra*^^' 

i 

WW  —       ' 

' 

l|              J 

r 

1 

- 

1 1  iifeHi  d 

' 

7  VT  -Jt 

1 



^»w« 

'  ^     ''4^ 

-X:-\lJjtH^lJ 

•i 

,  -^      "   ,, 

Figure  4.— Cow  typical  of  the  grade  Aberdeen-Angus  cows  used  in  the  experiment 
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Figure  5.— An  Arkansas  native  cow  t^ical  of  those  used  in  the  experiment 

seed  meal,  $35;  alfalfa  hay,  $20;  oat  hay,  $12;  and  rice  straw,  $8. 
The  costs  of  wintering  the  cows  and  producing  weanling  calves  for 
each  of  the  four  lots  are  given  in  Table  3. 
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Table  2. — Average  rations  of  the  cows  per  1,000  pounds  live  weight  during  the 
winter  feeding  periods  1924-25  to  1926-27 


Lot  and  year 

Sorgo 
silage 

Cotton- 
seed meal 

Rice 
straw- 

Rice 
bran 

Oat  hay 

Lot  1: 

1924-25                                                          

Pounds 
31.68 
32.98 
33.55 

30.80 
34.34 
34.07 

30.61 
33.77 
30.87 

30.61 
33.22 
34.25 

Pounds 

2.01 

.84 

3.43 

1.96 

.87 

3.59 

1.96 

.82 

3.25 

1.87 

.85 

3.  63 

Pound* 
4.56 
2.71 
3.43 

4.43 
2.82 
3.59 

4.40 
2.69 
3.25 

4.49 
2.62 
3.63 

Pounds 

Pounds 
1.97 

1925-26 

4.45 

1926-27                  - 

Lot  2: 

1924-25 

1.91 

1925-26                                 -  -  --- - 

4.69 

1926-27 

Lot  3: 

1924-25                                                   -  --  

1.93 

1925-26 

4.58 

1926-27  1            -          

Lot  4: 

1924-25 

1.93 

1925-26                                                -         

4.58 

1926-27 

1  For  40  days  there  were  only  9  cows  in  lot  3.    Daily  feed  per  1,000  pounds  live  weight  figured  for  1,360 
instead  of  1,400  cow-days. 

Table  3. — The  average  cost  of  wintering  and  grazing  the  cows  per  head,  and  of 
producing  three  crops  of  weanling  calves,  1924-1927 


Item 


Lot  1, 

Aber- 

Lot 2, 

Lot  3, 

deen- 

grade 

native 

Angus 

cows 

cows 

cows 

23.36 

20.36 

16.43 

11.25 

11.25 

11.25 

34.61 

31.61 

27.68 

49.44 

41.23 

41.52 

41.20 

37.63 

32.95 

426 

441 

425 

9.67 

8.53 

7.75 

Lot  4, 
native 
cows 


Average  cost  of  winter  feed  for  140  days.. dollars.. 

Cost  of  grazing  225 1  days,  at  5  cents  a  day do 

Total  feed  cost  per  cow do 

Actual  feed  cost  per  calf  raised do 

Average  feed  cost  per  calf  (84  per  cent  calf  crop) do 

Average  weight  of  weanling  calves pounds.. 

Average  feed  cost  of  calves  per  100  pounds  (84  per  cent  calf 
crop) - dollars.. 


17.41 
11.25 
28.66 
40.94 
34.12 
430 

7.93 


1  Each  wintering  period  was  exactly  the  same  length,  140  days,  while  the  summer  grazing  periods  varied 
from  156  to  224  days,  as  indicated  in  Table  1,  p.  3.  The  variations  of  the  first  and  last  grazing  periods  were 
due  to  the  exigencies  of  beginning  and  ending  the  experiment.  In  order  to  arrive  at  the  exact  feed  cost  of 
producing  the  calves,  the  average  annual  cost  of  the  winter  feed  is  added  to  the  cost  of  pasture  at  5  cents 
per  day  for  225  days,  making  a  full  year  of  365  days. 

The  greater  cost  per  head  for  the  purebred  and  grade  cows  is  due 
to  their  greater  weight,  since  the  rations  were  in  proportion  to  the 
Hve  weight.  The  pasture  is  charged  at  the  same  rate  per  head  for 
all  lots,  5  cents  a  day.  It  is  reasonable  to  suppose  that  the  lighter 
cows  ate  less  grass,  but  there  was  no  practicable  way  of  determining 
how  much  less. 

Both  the  actual  feed  cost,  and  the  feed  cost  based  on  the  assump- 
tion that  there  were  no  significant  differences  in  the  prolificacy  of  the 
lots,  are  included  in  Table  3.  Since  the  average  calf  crop  for  all  the 
cows  for  the  last  two  years  of  the  experiment  was  practically  84  per 
cent,  this  percentage  is  used  in  determining  the  cost  of  the  average 
calf  at  weaning  time.  The  first  year's  calf  crop  of  18  calves  from  40 
cows  is  not  included  in  determining  the  average  calf  crop  because  so 
small  a  calf  crop  was  due  to  the  short  time  that  the  bulls  were  with 
the  cows,  rather  than  to  any  shortcomings  of  the  breeding  stock. 
While  the  total  calf  crop  for  the  lots  for  the  last  two  years  varied 
from  16  to  18  for  each  lot,  or  from  80  to  90  per  cent,  it  seemed  best 
to  use  the  same  percentage  calf  crop  for  all  the  lots  for  determining 
the  cost  of  raising  a  calf  to  weaning  age.  In  addition,  it  is  reasonable 
to  expect  an  80  or  90  per  cent  calf  crop  in  farm  herds  free  from  disease 
and  carefully  culled  so  as  to  eliminate  nonbreeders.     To  compare  the 
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profit  per  head  for  the  calves  when  marketed,  as  in  Table  6,  it  seems 
desirable  to  have  their  cost  at  the  beginning  of  the  fattening  period 
based  on  the  same  calf  crop  for  each  lot. 

Table  3  shows  that  while  calves  for  each  lot  averaged  practically 
the  same  in  weight  at  weaning  time,  426,  441,  425,  and  430  pounds, 
respectively,  the  costs  per  100  pounds  varied  considerably.  The 
purebreds  cost  $9.67  per  100  pounds,  the  second-cross  grades  $1.14 
less,  the  first-cross  grades  $1.92  less,  and  the  natives  $1.74  less  per 
100  pounds. 

BIRTH  WEIGHTS,  MEASUREMENTS,  AND  GAINS  OF  CALVES 

The  average  birth  weights,  heart  girths,  and  heights  of  the  calves  at 
the  withers  and  gains  of  the  calves  during  the  suckling  period  are 
given  in  Table  4.  The  weights  and  measurements  of  the  several  hnes 
of  breeding  were  taken  to  study  the  relation  of  such  weights  and  meas- 
urements to  the  rate  of  growth  and  beefiness  of  the  calves. 


Table  4. — Average  weights 
for 

and  measurements  at  birth  of  the  calves  to  weaning  age 
the  three  years  of  the  experiment 

Lot  No.  and  breeding  of  calves 

Year 

Calves 

Birth 
weight 

Height  at 
withers 

Heart 
girth 

Age  at 
weaning 

Average 

daily 

gains  to 

weaning 

time 

1,  purebred 

1925 
1926 
1927 

Number 
5 
7 
9 

Pounds 
63.0 
69.7 
66.8 

Centime- 
ters 
»64.3 
66.7 
66.8 

Centime- 
ters 
69.4 
72.9 
73.3 

Days 
240 
224 
215 

Pounds 
1.49 

1.56 
1.68 

Average  ' 

66.9 

66.3 

72.2 

226 

1.59 

1925 
1926 
1927 

2,  second  cross 

5 
9 
0 

62.4 
67.5 
65.7 

66.0 
66.7 
68.0 

68.7 
72.0 
72.7 

213 
232 
219 

1.72 

1.65 
1.70 

Average ' 

65.7 

67.0 

71.6 

223 

1.68 

1925 
1926 
1927 

3 
9 

8 

53.2 
62.3 
63.6 

63.3 
66.2 
66.7 

65.8 
71.9 
70.8 

214 
225 
197 

1.50 

1.73 
1.78 

Average  * 

61.5 

66.0 

70.6 

212 

1.71 

1925 
1926 
1927 

4,  native                       

6 
6 
10 

56.3 
63.4 
68.6 

64.7 
68.2 
69.6 

67.6 
73.7 
74.7 

197 
223 
223 

1.57 

1.64 
1.77 

Average  ' 

C4.2 

68.0 

72.7 

217 

1.60 

The  average  for  4  calves,  as  1  calf's  height  was  not  measured 


Weighted. 


Each  year  the  purebred  calves  weighed  more  at  birth  than  the 
second-cross  calves,  and  the  second-cross  calves  weighed  more  than 
the  fii*st-cross  calves.  The  differences  between  the  calves  of  the  first- 
cross  cows  of  lot  2  and  the  native  cows  of  lot  3  became  smaller, 
apparently,  as  the  native  cows  approached  the  first-cross  cows  in 
weight.  (Table  1.)  The  surprising  thing  in  connection  with  the 
birtn  weights  of  the  calves  is  that  each  year  the  calves  of  lot  4  sired 
by  the  native  bull  outweighed  the  calves  of  similar  cows  in  lot  3  sired 
by  the  purebred  Aberdeen- Angus  bull  and  that  they  averaged  appreci- 
ably more  the  third  year  than  the  purebred  and  second-cross  calves. 

The  correlation  between  the  birth  weights  of  all  the  calves  in  the 
four  lots  for  three  years  and  the  weights  when  they  were  weaned  is 
+  0.3738  ±  0.0629.  The  average  age  of  the  85  calves  when  they  were 
weaned  was  219  days.  It  is  probable  that  the  correlation  would  have 
been  higher  had  each  calf  been  weaned  at  the  same  age.     As  thev  were 
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handled  by  lots  this  was  not  practicable.  As  it  was,  only  four  calves 
were  more  than  249  days  old  when  they  were  weaned,  and  only  five 
were  less  than  189  days  old  at  weaning  time. 


Figure  6.— Purebred  Aberdeen-Angus  calves  at  the  end  of  the  fattening  period,  April,  1928 
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Figure  7. — Calves  of  grade  Aberdeen-Angus  cows.   These  calves  were  sired  by  a  purebred  Aberdeen- 
Angus  bull.    The  picture  was  taken  at  the  end.of  the  fattening  period,  April,  1928 

The  correlation  between  the  birth  weights  and  weaning  weights  is 
significant.  In  other  words,  the  heavier  calves  at  birth  are  likely  to 
be  the  heavier  calves  at  weaning  time.  It  does  not  necessarily  follow, 
however,  that  the  heavier  calves  at  birth  make  greater  gain.  In  fact, 
according  to  Table  4,  in  which  the  calves  are  divided  according  to  their 
breeding,  the  purebreds,  which  weighed  from  1.2  to  5.4  pomids  more 
at  birth  than  the  grade  and  native  calves,  made  the  smaller  daily 
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gains  than  any  of  the  other  lots  each  year.  But,  on  the  other  hand, 
the  correlation  between  the  birth  weights  of  all  the  calves  and  their 
total  gains  to  weaning  time  is  +0.1786  ±  0.0708.  While  this  correla- 
tion is  small  it  is  positive  and  indicates  that  the  heavier  calves  at 
birth  make  sUghtly  greater  gain  than  the  lighter  calves.     In  conclud- 


FlGURE  8. 


-Calves  of  Arkansas  native  cows.  These  calves  were  sired  by  a  purebred  Aberdeen-Angus 
bull.    The  picture  was  taken  at  the  end  of  the  fattening  period,  April,  1928 


Figure  9.— Arkansas  native  calv*es  at  the  end  of  the  fattening  iwriod,  April,  1928 

ing,  it  seems  evident  that  nutrition  rather  than  birth  weight  deter- 
mmes  the  rate  of  a  calf's  growth.  Since  all  the  calves  had  the  same 
pasturage,  the  native  and  grade  cows  either  gave  more  milk  than  the 
purebred  cows  or  the  native  and  grade  cattle  are  better  adapted  to 
utilizing  such  pasture  than  the  purebreds. 
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The  first-cross  calves  were  shorter  at  the  withers  each  year  than  the 
calves  of  the  other  lots.  However,  the  differences  are  slight  in  com- 
parison with  the  purebred  and  second-cross  calves.  As  in  weight, 
the  native  calves  exceeded  the  first-cross  calves  in  height  at  the  withers 
by  a  considerable  difference  each  year. 

In  heart  girth,  as  in  weight,  the  purebred  calves  ranked  above  the 
second-cross  calves,  and  they,  in  turn,  above  the  first-cross  calves 
each  year.  However,  the  native  calves  ranked  above  the  first-cross 
calves  the  first  year  and  above  all  the  lots  in  heart  girth  the  second  and 
third  years,  with  the  result  that  their  average  for  the  three  years  is 
higher  than  any  of  the  other  lots.  The  purebreds  ranked  second  in 
heart  girth. 

At  weaning  time  there  was  a  maximum  difference  of  two  weeks  in 
the  average  ages  of  the  four  lots.  The  purebreds  were  the  oldest, 
and  the  first-cross  calves  were  the  youngest.  At  first  it  may  seem 
that  the  age  at  weaning  time  has  something  to  do  with  the  average 
daily  gains  up  to  weaning,  since  the  purebreds  made  the  smallest 
gains  and  the  first-cross  calves  made  sHghtly  the  largest  gains.  How- 
ever, the  second-cross  calves  which  were  3  days  younger  on  the  aver- 
age than  the  purebred  calves  made  practically  as  large  daily  gain  as 
the  first-cross  calves,  which  were  11  days  younger.  Therefore,  it 
may  be  concluded  that  the  difference  of  as  much  as  2  weeks  had  no 
effect  on  the  average  daily  gains.  Since  the  purebreds  were  outdone 
in  gains  in  every  case  by  the  grade  and  native  calves  there  is  good 
reason  to  believe  that  the  native  stock  was  better  adapted  to  make 
gains  on  grass  than  the  purebred  stock.  The  same  observation  holds 
true  in  the  case  of  the  cows,  as  shown  in  Table  1.  In  each  of  the 
four  grazing  seasons  the  purebreds  made  the  smallest  gains  or  the 
greatest  losses,  and  with  two  exceptions  the  native  caws  made  a 
better  showing  than  the  first-cross  cows.  The  difference  became 
smaller  as  the  natives  approached  the  first-cross  cows  in  weight. 
The  writers  can  not  say  how  much  of  this  better  showing  of  the  native 
cows  was  due  to  their  growth  having  been  inhibited  through  lack  of 
feed  before  their  participation  in  the  experiment. 

FEED  REQUIREMENTS  FOR  FATTENING  THE  CALVES 

The  average  rations  and  daily  gains  and  the  feed  required  per  100 
pounds'  gain  for  each  lot  of  calves  for  the  fattening  periods  are  given 
in  Table  5,  and  the  appearance  of  the  various  lots  is  shown  in  Figures 
6  to  9.  The  purebreds  ate  just  a  little  more,  and  gained  appreciably 
more  daily  each  year,  than  the  second-cross  and  first-cross  calves. 
The  differences  in  feed  occurred  chiefly  in  the  quantities  of  brewers' 
rice  and  com  which  were  fed.  The  natives  in  turn  ate  somewhat 
less  than  the  grade  calves,  the  average  grain  consumed  daily  for  the 
three  years  being  1  pound  less. 

The  average  gains  of  the  natives  for  the  three  years  were  one-quar- 
ter of  a  pound  less  than  for  the  purebreds  and  one-sixth  of  a  pound  less 
than  for  the  grades.  So  far  as  gains  are  concerned  there  was  no 
difference  between  second-cross  and  fii*st-cross  calves. 

As  the  daily  gains  and  rations  of  the  natives  were  considerably  less 
than  the  rations  and  gains  of  the  other  lots,  the  indications  are  that 
they  were  the  poorest  feeders  in  the  feed  lot.  On  the  other  hand, 
the  purebred  calves  were  the  best  feeders. 
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Each  year  the  second-cross  calves  required  slightly  more  of  nearly 
every  feed  than  the  purebreds  to  produce  100  pounds  of  gain.  The 
chief  exception  was  in  the  winter  of  1927-28,  when  the  purebreds 
consumed  524  pounds  of  grain  for  each  100  pounds  of  gain  and  the 
second-cross  calves  consumed  only  518  pounds.  The  concentrates 
consumed  per  100  pounds,  gain  for  the  second-cross  and  first-cross 
calves  were  practically  the  same,  while  the  first-cross  calves  took  less 
of  silage  and  hay.  The  native  calves  required  as  much  or  more 
roughage  and  cottonseed  meal  in  most  cases  and  less  grain  for  100 
pounds'  gain  than  the  other  lots  of  calves.  On  the  whole  there  was 
little  difference  in  the  feed  requirements  for  100  pounds'  gain  in  the 
four  lots,  certainly  none  that  seemed  to  have  any  relation  to  the 
differences  in  breeding.  The  same  is  true  of  the  cost  of  100  pounds' 
gain.  The  first  year  the  most  expensive  gains  were  in  the  purebred 
lot,  and  the  cheapest  in  the  first-cross  lot.  The  second  year  the 
most  expensive  gains  were  in  the  native  lot  and  the  cheapest  in  the 
purebred  lot.  The  third  year  the  most  expensive  gains  were  in  the 
second-cross  lot  and  the  cheapest  in  the  first-cross  lot.  For  the  3- 
year  average  the  second-cross  calves  made  the  most  expensive  gains, 
and  the  purebreds  made  the  cheapest  gains.  The  differences  are  so 
small,  and  the  order  of  economy  in  respect  to  the  four  kinds  of  feed 
fed  varies  so  much,  that  the  price  of  one  or  more  feeds  might  change 
the  order  of  the  lots  completely,  in  respect  to  the  cost  of  100  pounds' 
gain. 

Table  5. — The  average  rations,  daily  gains,  and  quantities  of  feed  consumed  for 
and  cost  of  100  -pounds^  gain  for  each  lot  of  calves  * 


Sorgo  silage 

Alfalfa 

Cottonseed 
meal 

Carbonaceous 
concentrates 

Gain 
Iier 
calf 

day 

Cost 

Breeding  of  calves 

Ration 

Feed 
per  100 
pounds' 

gain 

Ration 

Feed 
per  100 
pounds' 

gain 

Ration 

Feed 

per  100 

pounds' 

gain 

Ration 

Feed 
per  100 
pounds' 

gain 

of  100 

pounds' 

gain 

Purebred: 

1926-26 

Pounds 
5.6 
2.8 
2.7 

Pounds 
336 
163 
150 

Pounds 
6.1 
5.1 
4.5 

Pounds 
364 
296 
246 

Pounds 
1.0 
1.7 
2.9 

Pounds 
63 
97 
156 

Pounds 
4.7 
8.8 
9.6 

Pounds 
283 
607 
624 

Pounds 
1.67 
1.74 
1.84 

DoUars 
9.28 

1926-27 

11  49 

1927-28 

10.87 

Average 

3.4 

191 

5.1 

288 

2.1 

118 

8.3 

471 

1.77 

10.76 

Second  cross: 
1926-26 

6.5 
2.8 
2.7 

333 
173 
156 

5.9 
5.0 
4.5 

360 
306 

257 

1.0 
1.7 
2.9 

64 
104 
162 

4.7 
8.8 
9.1 

286 
640 

518 

1.65 
1.63 
1.76 

9  27 

1926-27 

12. 15 

1927-28 

11.06 

Average 

3.3 

196 

6.0 

295 

2.0 

121 

8.2 

483 

1.69 

11.14 

First  cross: 

1926-26 

4.8 
2.8 
2.4 

311 
168 
137 

5.2 
5.1 
4.1 

341 
306 
233 

.9 
1.7 
2.7 

69 
101 
153 

4.1 
8.8 
8.7 

268 
624 
496 

1.53 
1.68 
1.76 

8.43 

1926-27    .. 

11  88 

1927-28 

10.38 

Average 

2.9 

172 

4.7 

279 

2.0 

118 

8.1 

482 

1.69 

10. 82 

Native: 

1926-26 

4.7 
2.8 
2.3 

306 
208 
142 

5.1 
5.0 
4.2 

333 
371 
257 

.9 
1.7 
2.5 

58 
125 
152 

4.0 
7.6 
8.1 

265 
663 
602 

1.62 
1.34 
1.62 

8  58 

1926-27 

13.65 

1927-28 

10  67 

Average.. 

2.9  1        494 

4.6 

302 

1.9 

125 

7.1 

468 

1.62 

10.97 

1  The  calves  were  fed  140,  162,  and  168  days  for  the  3  fattening  periods,  respectively. 
GRADING  THE  CATTLE  AND  CARCASSES 

The  second  and  third  crops  of  calves,  dropped  in  1926  and  1927, 
were  graded  by  a  committee  at  the  time  of  both  weaning  and  market- 
ing. After  the  carcasses  had  been  in  the  cooler  48  hours  they  were 
graded  by  the  same  committee. 
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The  committee  in  each  instance  consisted  of  two  representatives  of 
the  United  States  Department  of  Agriculture,  one  each  from  the 
Bureau  of  Agricultural  Economics  and  the  Animal  Husbandry  Divi- 
sion of  the  Bureau  of  Animal  Industry,  and  one  representative  of  the 
State  experiment  stations  cooperating  on  the  national  cooperative 
project,  A  Study  of  the  Factors  which  Influence  the  Quality  and 
Palatability  of  Meat.^  The  average  grades  for  each  lot  are  given 
in  Table  6.     The  individual  grades  are  given  in  Table  7. 

Table  6. — Average  feed  costs  of  production  for  each  lot  of  calves;  sale  weights  and 
prices;  returns  over  feed  costs;  shrinkage  and  dressing  percentages;  and  feeder, 
slaughter,  and  carcass  grades 


Item 


Cost  of  weaning  per  head  i dollars. 

Feed  cost  to  fatten  per  head  • do... 

Total  feed  cost  per  head  • do... 

Sale  weight  per  head  ' pounds. 

Net  sale  value  per  head  i dollars- 
Difference  between  sale  value  and  total  feed  cost  per  head.do... 


Net  sale  price  per  100  pounds: 
1926 

1927          

1928                                                           

Shrinkage  in  transit: 

1926                                    

per  cent 

1927 

1928                    

...-....-  ...—^-  ^  do^  -  - 

Average 

do.... 

Cold-dressed  percentages: 

1926 

1927 

1928      

""":""."".:"do:::: 

do  .. 

Average 

do 

-cattle  grades,  1926-27  2 do. 

Average  slaughter-cattle  grades  1926-27  2 do. 

Average  carcass  grades,  1926-27  2 do. 

Average  feeder -cattle  grades,  1927-28  2 do. 

Average  slaughter-cattle  grades  1927-28  2 do. 

Average  carcass  grades,  1927-28  2.. ...do. 


Purebred 
calves 


41.20 
30.36 
71.56 
672. 86 
74.62 
3.06 


7.91 
10.49 
13.22 


11.09 


4.29 
1.75 
7.76 


5.00 


54.86 
60.15 

58.28 


58.15 


81.9 


82.3 
81.3 
77.9 


Second- 
cross 
calves 


37.63 
30.05 
67.68 
676.  52 
74.08 
6.40 


7.41 
10.49 
13.22 


10.95 


6.01 
1.91 
7.11 


First- 
cross 
calves 


32.95 
29.49 
62.44 

S64.50 
70.17 

•  7.73 


6.91 
9.99 
12.47 


10.56 


6.32 

.23 

9.44 


4.84  I 


4.78 


56.33 
60.16 

58.  78 


54.91 
58.20 

58.64 


58. 85 


80.4 
78.3 
78.6 
83.8 
77.8 
78.4 


57. 


79.3 
76.9 
76.4 
80.0 
73.2 
76.0 


Native 
calves 


34.12 
26.62 
60.74 
630. 48 
61.98 
1.24 


6.66 
8.74 
11.72 


9.83 


5.42 
3.12 
8.30 


5.29 


55.15 
57.79 

57.37 


57.03 


61.1 
62.6 
70.8 
66.7 
68.0 


1  Average  for  three  years. 

2  Values  of  from  96.7  to  100  represent  high  Selected  grade  feeder  cattle  and  high  Prime  grade  slaughter 
cattle  and  beef  carcasses;  93.4  to  96.6  middle  Selected  feeders  and  middle  Prime  slaughter  cattle  and  car- 
casses; and  90.1  to  93.3  low  Selected  and  low  Prime,  respectively.  Values  of  from  80.1  to  90,  70.1  to  80, 
60.1  to  70,  and  50.1  to  60  represent  the  ranges  of  the  Choice,  Good,  Medium,  and  Common  grades,  respec- 
tively, each  divided  into  three  subgrades  as  in  the  case  of  the  Selected  and  Prime  grades. 

MARKETING  DATA  AND  GRADES  OF  THE  CALVES 

Production  costs,  sales  weights  and  prices,  profits,  shrinkage  and 
dressing  percentages,  feeder,  slaughter,  and  carcass  grades  are  given 
in  Table  6. 

At  the  end  of  the  1925-26  experiment,  the  calves  were  shipped  to 
the  stockyards  at  Kansas  City,  Mo.,  and  sold  by  lots  to  a  packing 
company.  They  were  in  transit  for  approximately  36  hours,  but  the 
shrinkage  represents  the  loss  in  weight  from  the  average  of  three 
days'  final  weights,  April  7,  8,  and  9,  to  the  sale  weight  at  noon, 
April  11.     In  slaughtering,  the  identification  of  each  animal  carcass 

'  The  personnel  of  the  grading  committee  varied  from  time  to  time.  Those  who  participated  in  the 
grading  of  the  cattle  and  carcasses  were:  L.  B.  Burk  and  D.  J.  Slater,  Bureau  of  Agricultural  Economics, 
U.  S.  Department  of  Agriculture;  A.  T.  Edinger,  Bureau  of  Agricultural  Economics  and  Bureau  of  Animal 
Industry,  U.  S.  Department  of  Agriculture;  A.  C.  Cook  and  H.  W.  Hollard,  State  Agricultural  and  Mechan- 
ical College  and  Bureau  of  Animal  Industry,  U.  S.  Department  of  Agriculture.  The  cooperative  arrange- 
ments and  direction  of  the  summarization  of  the  grading  records  were  in  charge  of  O.  G.  Hankins,  Bureau 
of  Animal  Industry. 
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was  maintained.  Standard  rib  cuts  were  taken  from  representative 
carcasses  and  shipped  to  the  United  States  Animal  Husbandry  Ex- 
periment Farm,  Beltsville,  Md.,  for  studies  of  the  meat  in  accordance 
with  the  national  cooperative  project,  A  Study  of  Factors  which 
Influence  the  QuaUty  and  Palatability  of  Meat. 

At  the  end  of  the  second  and  third  experiments  the  cattle  were 
shipped  to  the  National  Stock  Yards,  East  St.  Louis,  111.,  a  some- 

Table  7. — Feeder  cattle,  slaughter  cattle,  and  beef-carcass  gradings  of  the  individual 
animals  in  the  1926-27  and  1927-28  experiments 


1926-27 

1927-28 

Breeding  of  the  lots 

Ani- 

Feeder- 

Slaugh- 

Beef- 

Ani- 

Feeder- 

Slaugh- 

Beef- 

mal 

cattle 

ter-cattle 

carcass 

mal 

cattle 

ter-cattle 

carcass 

No. 

grading 

grading 

grading 

No. 

grading 

grading 

grading 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Purebred 

21 

84.1 

78.9 

79.8 

1 

78.8 

79.3 

73.3 

22 

82.8 

82.2 

82.0 

2 

77.5 

77.8 

76.8 

23 

75.7 

78.0 

78.2 

3 

82.8 

79.0 

75.0 

24 

81.7 

82.2 

86.7 

4 

87.9 

82.6 

77.8 

25 

83.4 

81.8 

80.9 

5 

85.9 

81.5 

81.4 

26 

82.0 

82.7 

80.2 

6 

77.4 

79.5 

75.4 

27 

83.8 

80.3 

76.6 

8 
9 

87.6 
78.0 
84.4 

82.4 
86.3 
83.1 

82.4 
77.8 
82.5 

Average . 

81.9 

80.9 

80.6 

82.3 

81.3 

77.9 

Second  cross 

28 

75.8 

71.9 

74.0 

11 

84.8 

78.6 

73.3 

29 

78.6 

77.6 

75.1 

12 

87.8 

74.3 

78.2 

30 

83.1 

77.9 

81.9 

13 

83.5 

76.7 

81.6 

31 

77.7 

79.8 

80.1 

14 

83.3 

81.3 

84.1 
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what  shorter  distance  than  to  Kansas  City,  Mo.  The  cattle  of  the 
second  experiment  were  weighted  April  14, 15,  and  16,  and  were  shipped 
April  16.  They  were  in  transit  32  hours,  and  were  sold  April  18. 
The  shrinkage  covered  three  days'  time.  As  the  cattle  of  the  third 
experiment  were  not  shipped  until  the  day  after  the  taking  of  the  last 
final  weight,  were  in  transit  26  hours,  and  were  not  sold  until  the  day 
following  their  arrival,  the  shrinkage  for  them  covers  four  days.     On 


BEEF  PRODUCTION  FROM  CALVES  15 

each  occasion  the  cattle  were  sold  by  lots,  one  packing  company  buying 
all  the  cattle  from  one  experiment.  After  slaughter,  the  carcasses  which 
had  been  identified  with  the  animals  from  which  they  came  were 
graded,  and  standard  rib  cuts  were  taken  from  representative  car- 
casses in  each  lot.  Then  they  were  shipped  to  Beltsville,  Md.,  for 
studies  of  the  meat. 

The  net-sale  prices  are  based  on  market  weights  and  the  net 
proceeds  from  the  sale  of  each  lot  of  cattle.  The  first  year  the  pure- 
bred calves  brought  the  top  price,  the  second-cross  calves  50  cents 
per  100  pounds  less,  the  first-cross  calves  $1  less,  and  the  natives 
$1.25  less  than  the  purebred  calves.  The  second  and  third  years  the 
purebred  and  second-cross  calves  sold  equally  well  while  the  first- 
cross  calves  brought  50  cents  and  75  cents  less  per  100  pounds,  re- 
spectively. The  native  calves,  the  second  and  third  years,  sold  for 
$1.75  and  $1.50,  respectively,  less  than  the  purebreds  and  second- 
cross  calves.  Consequently  the  average  spread  for  the  three  years 
between  the  top  lots  was  14  cents,  between  the  middle  lots,  39  cents, 
and  between  the  bottom  lots,  73  cents. 

In  comparing  the  profits  per  head  for  the  four  lots,  one  should  keep 
in  mind  that  the  cost  per  100  pounds  of  the  calves  at  weaning  time 
was  greatest  for  the  purebred  calves  and  least  for  the  calves  of  the  two 
lots  of  scrub  cows,  with  the  calves  of  the  grade  cows  in  between.  The 
greater  cost  of  the  purebred  calves  was  attributable  to  the  greater 
weight  of  the  cows  and  proportionately  heavier  winter  rations.  With 
very  small  differences  in  cost  of  gains  during  the  fattening  periods, 
the  higher  selling  prices  of  the  purebred  calves  were  not  sufficient  to 
offset  the  advantage  which  the  two  lots  of  grade  calves  had  in  cos-t  of 
production  per  head  at  weaning  time.  In  the  case  of  the  native 
calves,  however,  the  sale  price  was  so  much  less  that  the  profit  per 
head  was  the  smallest  of  the  four  lots. 

The  averages  for  the  three  years  indicate  that  the  natives  lost  more 
in  shipment  to  market  than  any  of  the  other  lots.  That  was  due^ 
however,  to  the  heavier  shrinkage  in  that  lot  than  in  any  of  the  other 
lots  the  second  year.  As  the  natives  lost  practically  the  same  as  the 
average  of  the  other  three  year  lots  the  first  and  third  years,  there  is  not 
sufficient  evidence  to  prove  that  they  shrink  more  in  transit  than  the 
purebred  and  grade  calves.  On  the  other  hand  the  better-bred 
cattle  seem  to  have  a  slight  advantage  over  the  native  cattle  in 
dressing  percentage.  The  natives  ranked  above  the  purebred  and 
first-cross  calves  by  a  small  margin  the  first  year,  but  the  second  and 
third  years  they  dressed  less  than  any  of  the  other  lots  by  a  margin 
varying  from  0.41  to  2.37  per  cent. 

The  purebred  calves  and  their  carcasses  were  graded  ''low  Choice" 
with  one  slight  exception.  The  second-cross  calves  and  carcasses 
graded  ''high  Good  "  with  two  exceptions  which  were  "low  and  middle 
Choice."  The  first-cross  calves  and  carcasses  graded  "top  Good" 
with  two  exceptions  which  were  "middle  Good"  and  "low  Good." 
The  native  calves  and  carcasses  graded  "top  Medium"  with  one 
"low  Good"  and  two  "low  Medium." 

SUMMARY  AND  CONCLUSIONS 

The  object  of  this  experiment  was  to  determine  the  relative  economy 
of  producing  market  beef  calves  from  cows  carrying  varying  pro- 
portions of  beef  breeding  and  sired  by  purebred  and  native  bulls. 
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Three  crops  of  weanling  calves  were  produced  considerably  more 
cheaply  per  head  and  per  100  pounds  Uve  weight  from  native  Arkansas 
cows  than  from  purebred  Aberdeen-An^us  cows,  because  the  grade 
and  native  cows  were  smaller  and  reqmred  less  feed  in  winter  than 
the  purebred  cows.  The  average  annual  cost  per  calf,  based  on  an 
84  per  cent  calf  crop,  was  $34.61,  $31.61,  $27.68,  and  $28.66  per  head 
for  purebred,  grade,  and  two  lots  of  native  cows,  respective^.  The 
average  cost  per  100  pounds  of  live  weight  up  to  weaning  time, 
based  on  an  84  per  cent  calf  crop,  was  $9.67,  $8.53,  $7.75,  and  $7.93 
for  purebreds,  second  crosses,  first  crosses,  and  natives,  respectively. 

The  average  birth  weights  of  the  calves  in  the  various  lots  were 
similar,  being  66.9,  65.7,  61.5  and  64.2  pounds,  respectively,  for 
purebreds,  second  crosses,  first  crosses,  and  native  calves  during  the 
three  years.  These  weights  were  almost  uniform  for  purebreds  and 
second  crosses  from  year  to  year,  but  increased  each  year  with  the 
first  crosses  and  natives  as  their  dams  increased  in  size.  The  native 
calves  outweighed  at  birth  the  first-cross  calves  each  year,  and  during 
the  third  year  outweighed  the  purebred  and  second-cross  calves. 

When  running  on  pasture  with  their  dams,  without  supplementary 
feed,  grade  and  native  calves  made  greater  gains  to  weaning  time 
than  purebred  calves.  These  average  daily  gains  for  the  three  years 
were  1.59,  1.68,  1.71  and  1.69  pounds,  respectively,  for  purebreds, 
second  crosses,  first  crosses,  and  native  calves. 

While  there  was  practically  no  difference  in  the  feed  required  per 
100  pounds  of  gain  for  purebreds,  grades,  and  natives  fattened  after 
they  were  weaned,  the  purebred  calves  ate  slightly  more  and  made 
somewhat  greater  gains  than  the  grade  or  native  calves.  The  average 
cost  of  producing  100  pounds  of  gain  was  $10.76,  $11.14,  $10.82, 
and  $10.97,  respectively,  for  purebreds,  second  crosses,  first  crosses, 
and  natives  for  the  three  years. 

The  combined  costs  up  to  weaning  time  and  of  fattening  were  less  for 
native  calves,  but  the  sale  price  of  purebreds  and  grades  was  enough 
higher  so  that  the  sale  value  of  purebreds  and  grades  more  than  made 
up  the  difference  in  lower  total  feed  costs  of  the  natives.  When  the 
average  total  feed  cost  was  taken  from  the  average  sale  value  for  each 
lot,  the  return  above  feed  costs  was  $3.06,  $6.40,  $7.73,  and  $1.24  a 
head  for  the  purebred,  second-cross,  first-cross,  and  native  calves, 
respectively.  These  returns  indicate  the  value  of  service  of  a  pure- 
bred sire  on  native  cows.  The  first-cross  calves  made  a  return  per 
head  of  more  than  six  times  as  much  as  the  native  calves,  or  a  differ- 
ence of  $6.49  a  head. 

The  dressing  percentage  was  higher  for  purebred  and  high-grade 
calves  than  for  first-cross  and  native  calves,  but  the  difference  was 
not  great.  The  average  dressing  percentages  were  58.15,  58.85, 
57.96,  and  57.03,  respectively. 

With  one  slight  exception,  the  purebreds  graded  highest  as  feeders, 
as  slaughter  cattle,  and  as  carcasses.  The  second-cross  calves  ranked 
second,  the  first-cross  calves  third,  and  the  natives  fourth.  The 
natives  were  from  a  grade  to  two  grades  below  the  purebreds  in 
every  case. 
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INTRODUCTION 

Forestry  in  the  United  States  is  no  longer  merely  a  theory  or  a 
subject  for  discussion;  it  has  gotten  down  to  concrete  things  in  the 

1  The  bulk  of  the  information  presented  in  this  bulletin  was  collected  between  1921  and 
1927  by  the  Southern  Forest  Experiment  Station,  New  Orleans.  The  writer  wishes  to 
express  his  thanks  to  the  station's  entire  staff,  and  particularly  to  E.  L.  Demmon  and 
Lenthall  Wyman,  for  assistance  in  its  collection  and  presentation.  He  is  also  deeply 
indebted  for  constructive  criticism  and  sup:sf*stions  to  a  numl)er  of  southern  lumbermen 
iind  foresters  who  examined  the  preliminary  draft  of  this  bulletin. 

-  Since  July  8,  1927,  director  of  the  Allegheny  Experiment  Station. 
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woods.  Nor  is  the  growing  of  timber  confined  to  public  lands ;  it  is 
slowly  making  headway  on  land  in  private  ownership.  It  is  be- 
coming a  form  of  land  management,  developed  through  practical 
measures  for  protecting  forest  growth  from  fire  and  other  destructive 
agencies,  for  logging  woodlands  so  as  to  carry  over  or  reproduce  a 
crop  of  timber,  and  for  planting  forest  trees  on  cut-over  areas.  The 
value  of  timber,  with  other  economic  considerations,  is  causing  land- 
owners more  and  more  widely  to  study  the  possibility  of  profitable 
reforestation.  These  developments  have  created  a  general  demand 
for  information  on  the  timber-growing  methods  adapted  to  the 
various  types  of  forest  growth  in  the  United  States  and  what  these 
methods  will  cost. 

Timber  culture,  like  the  growing  of  farm  crops,  is  necessarily 
governed  in  any  country  by  the  soil  and  climate,  by  the  requirements 
of  native  forest  trees,  and  oy  local  economic  circumstances.  Lessons 
may  be  drawn  from  the  experience  of  other  countries,  as  the  United 
States  has  drawn  upon  the  forestry  of  Europe.  But  profitable 
methods  of  growing  timber,  particularly  under  the  wide  range  of 
forest  types  and  economic  conditions  in  the  United  States,  can  be 
worked  out  only  from  our  own  experience  and  investigation,  region 
by  region.  Owners  of  southern  pine,  for  example,  may  well  profit 
by  the  demonstrated  value  of  a  sustained  yield  of  gum  to  the  naval- 
stores  industry  of  France.  Whether  the  French  methods  of  grow- 
ing and  chipping  pine  trees  can  be  adapted  to  American  conditions 
is  doubtful,  although  investigations  thus  far  show  promise.  What- 
ever is  done  in  the  way  of  working  out  or  adapting  methods  to 
southern  pine  must  take  into  consideration  labor  conditions  in  the 
South. 

Hence,  to  meet  the  need  for  information  on  practical  ways  and 
means  of  growing  timber  profitably  in  the  various  parts  of  the 
United  States,  it  is  important  that  the  results  of  our  own  experience 
and  investigation  to  date  be  brought  together  and  set  forth  in  the 
clearest  possible  way.  This  the  Forest  Service  has  attempted  to  do 
in  a  series  of  publications  dealing  with  12  of  the  principal  forest 
regions  of  the  United  States.  The  information  presented  has  been 
gathered  from  many  different  sources,  including  the  experience  of 
landowners  who  have  engaged  in  reforestation.  An  effort  has  been 
made  to  bring  together  the  gist  of  what  has  thus  far  been  learned 
about  the  growing  of  timber  in  the  United  States;  and  the  results 
have  been  verified  as  far  as  possible  by  consultation  with  the  forest 
industries,  State  foresters,  and  forest  schools.  This  bulletin  thus 
undertakes  to  set  forth  what  are  believed  to  be  the  soundest  methods 
of  reforestation  as  yet  developed  in  our  common  experience  and 
study  in  the  southern  pine  region. 

Necessarily,  no  finality  is  claimed  for  the  measures  proposed. 
Timber  growing  in  every  country  has  come  about  through  a  gradual 
evolution  in  industrial  methods  and  the  use  of  land.  AH  too  little 
is  yet  known  of  the  best  methods  of  growing  timber  in  the  southern 
pineries.  As  time  goes  on,  research  and  practical  experience  will 
add  greatly  to  the  success  and  certainty  of  the  practice  in  our  woods, 
just  as  American  agriculture  has  steadily  become  more  highly 
developed  or  manufacturing  processes  liave  been  perfected  through 
experience  and  study.    But  we  know  enough  now  about  growing 
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timber  in  the  southern  pineries  to  go  right  ahead.  Believing  that 
the  forest-land  owners  of  this  region  are  ready  to  engage  in  timber 
growing  on  a  large  scale,  the  Forest  Service  has  endeavored  to  place 
before  them  in  concise  terms  the  best  suggestions  and  guides  which 
our  experience  to  date  affords. 

In  this  bulletin  the  measures  proposed  have  been  arranged  in  two 
general  groups.  The  first  includes  the  first  steps,  or  the  least  that 
must  be  done  under  the  local  physical  conditions,  to  prevent  timber- 
bearing  land  from  becoming  barren.  These  measures,  in  which  the 
prevention  of  fire  is  of  outstanding  importance,  represent  broadly 
the  lowest  cost  that  must  be  incurred  to  keep  forest  lands  reasonably 
productive.  They  have  been  worked  out  primarily  from  the  stand- 
point of  the  landowner  who  may  not  be  ready  to  engage  in  real 
timber  culture  but  who  wishes  to  prevent  cut-over  tracts  unsuitable 
for  any  purpose  except  timber  growing  from  becoming  a  liability  on 
his  hands.  The  Forest  Service  believes  that  these  first  steps,  or 
minimum  measures,  should  be  speedily  applied  to  all  of  the  forest 
lands  in  the  southern  pine  belt  and  that  public  policy  should  encour- 
age their  universal  application  in  such  ways  as  protection  from  fire 
and  the  adjustment  of  forest  taxation  to  the  business  of  timber 
growing. 

Fires  have  been  incredibly  frequent  and  widespread  in  the  south- 
ern pineries.  Over  three-fourths  of  the  forest  acreage  burned 
annually  in  the  United  States  is  in  the  pine  belt  of  the  South ;  and  a 
concerted  drive  to  control  and  eliminate  the  man-caused  fire  is  the 
most  urgent  first  step  in  forestry  for  this  region.  At  the  same  time, 
extremely  close  cutting  or  turpentining  has  been  an  essential  cause 
of  the  barrenness  of  probably  ten  million  acres  of  southern  pinelands, 
and  still  accounts  largely  for  the  addition  of  about  one  and  one-third 
million  acres  a  year  to  the  idle  land.  Protection  from  fire  and  the 
leaving  of  seed  trees  go  hand  in  hand  as  the  minimum  measures 
needed  to  replace  the  pine  forests  of  the  South. 

The  second  group  of  proposed  measures  constitutes  what  may  be 
called  desirable  forestry  practice  as  far  as  our  knowledge  and  ex- 
perience to  date  enable  us  to  determine  it.  These  measures  are  de- 
signed to  grow  reasonably  complete  crops  of  the  more  valuable 
timber  trees,  making  full  use  of  the  productive  capacity  of  the 
land.  Such  recommendations  are  addressed  primarily  to  the  land- 
owner who  wishes  to  use  his  property  up  to  its  full  earning  power 
for  timber  culture.  It  is  impossible  to  frame  any .  general  set  of 
measures  of  this  character  that  are  adapted  to  the  individual  needs 
of  particular  holdings  or  industrial  establishments.  Hence,  in  pre- 
senting this  group  of  suggested  measures,  the  Forest  Service  has 
attempted  only  to  outline  the  more  general  and  fundamental  things, 
with  illustrative  methods  of  forest  practice.  The  details  of  inten- 
sive forestry,  like  the  details  of  intensive  agriculture  or  engineering, 
call  for  an  expert  survey  to  work  out  the  plans  and  methods  best 
adapted  to  a  particular  tract  of  land  or  a  particular  business.  One 
of  the  most  important  features  of  planning  for  the  management  of  a 
forest  property  or  a  supply  of  raw  material  for  a  forest  industry  is 
to  devise  not  simply  logging  methods  that  will  reproduce  crops  of 
timber,  but  a  scheme  of  operation  that  will  afford  a  continuous 
yield  of  the  products  desired.  Thus  only  may  sustained  earnings  be 
realized  or  a  sustained  supply  of  raw  material  made  available. 
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It  is  not  practicable  to  draw  a  hard  and  fast  line  between  the 
first  steps  that  will  maintain  some  degree  of  productiveness  on  for- 
est land  and  the  more  intensive  measures  that  v^^ill  bring  the  quantity 
and  quality  of  wood  produced  up  more  nearly  to  an  ideal  manage- 
ment. The  author  has  not  attempted,  therefore,  to  deal  with  the  two 
general  types  of  forest  practice  as  separate  and  distinct,  but  has 
rather  endeavored  to  present  a  common-sense  and  practical  resume 
of  the  various  steps  in  timber  growing  in  the  form  that  will  be  most 
helpful  to  men  to  whom  timber  growing  is  a  concrete  business  and 
logging  problem.  At  the  same  time  it  is  hoped  that  the  bulletin  will 
liave  value  for  the  everyday  reader  who  is  interested  in  forestry  as 
an  important  phase  of  land  use  in  the  United  States  and  in  the 
public  policies  designed  to  bring  forestry  about. 

It  is  impossible  for  a  publication  necessarily  dealing  in  broad 
terms  with  the  conditions  existing  over  a  large  region  to  attempt 
any  brass-tack  conclusions  on  the  cost  and  returns  of  timber  grow- 
ing. The  approximate  cost  of  the  measures  advocated  is  indicated 
as  far  as  practicable,  with  the  extent  to  which  they  may  be  of  bene- 
fit to  logging  operations,  but  with  no  attempt  to  segregate  the  items 
chargeable  to  harvesting  one  crop  of  timber  from  those  which  should 
be  regarded  as  invested  in  a  following  crop.  Conservative  estimates 
of  the  future  yields  of  timber  that  may  be  expected  under  the  prac- 
tices recommended  are  given  where  facts  appear  to  warrant  them; 
but  no  forecasts  of  the  profits  to  be  derived  from  commercial  refor- 
estation are  attempted.  The  financial  aspects  of  forestry  can  not  be 
dealt  with  in  general  terms.  Here  again  expert  advice  must  deal 
with  the  land  and  business  problems  of  the  individual  forest  owner  or 
maimfacturer. 

There  are,  for  example,  very  wide  variations  in  timber-growing 
capacity  among  the  pine  soils  of  the  South.  On  sands  underlain  by 
permeable  clay  the  growth  may  be  three  times  as  fast  as  on  the 
deepest  sands,  such  as  parts  of  the  Choctawhatchee  National  Forest ; 
and  these  contrasts  may  occur  within  a  distance  of  25  miles.  Tim- 
ber growing  may  be  so  related  to  a  going  business  or  the  protection 
of  ])lant  investments  as  to  make  its  commercial  returns  substantially 
greater  than  in  situations  where  these  relations  do  not  exist.  All 
such  factors  point  to  the  need  for  expert  study  of  individual  cases 
to  determine  satisfactorily  the  financial  side  of  forestry. 

As  a  broad  conclusion,  the  Forest  Service  has  tremendous  faith 
in  the  commercial  promise  of  timber  growing  to  southern  landowners. 
The  law  of  supply  and  demand  is  working  steadily  to  create  timber 
values  which  will  pay  fair  returns  on  forestry  as  a  business.  The 
economic  history  of  other  countries  which  have  passed  through  a 
cycle  of  virgin-forest  depletion  similar  to  that  which  the  United 
States  is  now  traversing  points  to  the  same  conclusion.  The  time 
is  fast  ai)i)r()acliirig  when  forestry,  and  forestry  alone,  will  supply 
the  cnoriiioiis  quanlilies  of  wood  deinand(»d  by  American  luarkets. 
'i'he  I'lmdamtMjfHl  laws  of  business  tend  in  the  nature  of  things  to 
enable  the  uiaikets  for  forest  products  to  be  supplied  at  a  profit  to 
the  grower  of  timber.  The  returns  already  being  obtained  from  this 
form  of  land  em|)loyment  at  points  in  the  South  show  that  this  rela- 
tionshi]j  between  the  value  of  timber  and  the  cost  of  producing  it 
is  already  coming  into  being. 
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To  the  men  who  own  forest-producing  land  in  the  Southern  States 
or  who  are  engaged  in  industries  which  require  timber  as  raw  mate- 
rial forestry  now  offers  a  commercial  opportunity.  Satisfactory 
returns  from  forestry  can  not  be  promised  in  sweeping  terms  any 
more  than  returns  from  the  manufacture  of  lumber  or  paper.  But 
the  opportunity  for  a  profitable  employment  of  capital  and  business 
talent  in  the  growing  of  timber  merits  the  same  consideration  and 
the  same  expert  guidance  as  industrial  opportunities  in  the  conver- 
sion of  timber.  This  applies  with  special  force  to  commercial  insti- 
tutions which  have  made  large  capital  investments  in  manufacturing 
l^lants  and  distributing  organizations,  dependent  for  their  main- 
tenance upon  a  future  supply  of  forest-grow^n  material.  It  applies 
also  to  owners  of  land,  in  large  tracts  or  farm  woodlands,  the  earn- 
ing capacity  of  which  lies  mainly  in  the  growing  of  trees,  and  which, 
without  tree  growth,  will  become  either  a  doubtful  asset  or  an  out- 
right liability. 

The  industrial  development  of  the  South  is  rapid.  It  is  bringing 
not  only  a  larger  home  market  for  lumber  but  greater  opportunities 
for  the  close  utilization  of  timber  and  the  profitable  sale  of  small 
material  for  such  products  as  pulp  and  paper.  As  a  timber-growing 
region  the  South  is  favored  by  relatively  cheap  land,  by  cheap 
logging,  and  by  her  advantageous  position  in  relation  to  the  markets 
of  the  Northeastern  and  Central  States  and  the  agricultural  Middle 
West.  Her  young  pine  timber  grows  rapidly.  There  are  few  regions 
where  the  returns  in  marketable  forest  products  come  earlier  or  in 
greater  volume.  The  interest  of  the  people  of  the  South  in  forestry 
has  increased  tremendously  in  the  last  10  years,  and  intelligent 
public  support  of  industrial  and  farm  forestry  will  be  more  and  more 
evident. 

The  Forest  Service  earnestly  asks  the  forest-land  owners  of  the 
South  to  determine  for  themselves,  with  the  same  care  with  which 
they  would  approach  any  other  business  problem,  whether  timber 
growing  does  not  offer  a  commercial  opportunity  which  should  be 
grasped.  It  commends  this  bulletin  to  them,  not  as  a  complete  or 
authoritative  scheme  that  can  forthwith  be  followed  with  profit  in 
their  own  woods,  but  as  a  starting  point  in  utilizing  the  opportunities 
that  forestry  may  offer. 

K.  Y.  Stuart. 


THE  SOUTHERN  PINE  REGION  AND  FORESTS 

The  southern  pine  region,  as  defined  in  this  bulletin  (fig.  1), 
includes  all  forest  lands  in  which  pine  is  or  was  the  chief  species 
in  the  sandy  coastal  plain  from  Delaware  and  Maryland  to  Texas, 
on  the  bluffs  and  uplands  on  the  east  bank  of  the  Mississippi  River, 
and  on  the  rocky  hills  of  central  Alabama,  w^est-central  Arkansas, 
and  southeastern  Okhihoma.  Although  by  no  means  embracing  the 
entire  South-,  it  will  sometimes  be  referred  to  in  this  bulletin  as  "the 
South  "  for  the  sake  of  convenience.  It  is  known  as  ''  the  piney 
woods  "  to  the  great  majority  of  those  living  within  its  borders.  The 
piedmont  plateau  of  Virginia,  the  Carolinas,  and  Georgia,  of  which 
the  forests  are  also  predominantly  pine,  is  not  treated  in  this  publica- 
tion of  this  series. 
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The  importance  of  the  southern  pine  region  as  a  source  of  lumber 
may  be  judged  from  the  fact  that  southern  pine  (all  species  com- 
bined) became  the  leading  lumber-producing  species  in  the  United 
States  late  in  the  nineteenth  century,  and  has  remained  so  continu- 
ously ever  since.  During  the  22  years  from  1904  to  1925,  36  per  cent 
of  the  Nation's  lumber  was  cut  from  southern  pine,  chiefly  in  that 
portion  of  the  South  covered  by  this  bulletin.  In  addition  to  lumber, 
southern  pine  has  furnished  vast  quantities  of  crossties,  piling,  poles, 
posts,  and  minor  forest  products.  In  two  species  of  southern  pine, 
longleaf  and  slash,  is  found  the  world's  chief  source  of  naval  stores. 
Also  recent  years  have  brought  a  great  increase  in  the  use  of  southern 
pines  for  wood  pulp. 


Figure  1. — The  southern  pine  region  as  covered  in  this  bulletin.  Shortleaf  and  lob- 
lolly pines  occur  abundantly  in  the  piedmont  plateau  also  ;  and  shortleaf  pine  in 
northern  Arkansas,  southeastern  Missouri,  and  the  lower  portions  of  the  Appa- 
lachian and  Allegheny  Mountains.  No  attempt  has  been  made  to  indicate  the 
numerous  hardwood  or  cypress  bottom  lands  included  in  the  general  region 

RANGE  AND  HABIT  OF  GROWTH  OF  THE  SOUTHERN  PINES  AND 
PRESENT  CONDITION  OF  CUT-OVER  LANDS 

The  great  bulk  of  the  cut  of  southern  pine  comes  from  four  species : 
Longleaf  (Pimus  palusti'is^  ^  shortleaf  (P.  echinata),  loblolly  (P- 
taeda),  and  slash  (P.  caribaea).  The  measures  necessary,  (l)  to 
keep  southern  pinelands  in  productive  condition,  and  ^2)  to  utilize 
their  full  capacity  to  produce  wood  and  naval  stores  under  intensive 
managoment,  are  largely  determined  by  the  habits  of  growth  of  the 
pines  themselves,  the  present  condition  of  forest  lands,  and  the 
manner  in  which  timber  is  now  being  logged  or  turpentined.    These 
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factors  are  briefly  described  for  each  species  of  pine  separately, 
although  two  or  more  species  may  occur  togethei"  or  associate  with 
hardwoods. 

LONGLEAF  PINE 

Longleaf  pine  originally  ranged  from  the  extreme  southeastern 
corner  of  Virginia  southward  to  Florida  and  westward  to  Texas 
and  was  easily  the  most  abundant  pine  of  the  coastal  plain  and  other" 
regions  here  considered.  However,  as  a  result  of  the  cutting  of  the 
original  forest  and  its  replacement  over  large  areas — particularly 
in  North  Carolina  and  Virginia — ^by  other  pines,  the  commercial 
range  of  longleaf  has  somewhat  diminished.  The  tree  still  main- 
tains a  wide  distribution  in  altitude,  being  found  from  the  flatwoods 
of  the  coastal  plain,  sometimes  only  10  or  15  feet  above  sea  level, 
to  the  foothills  of  the  Appalachian  Mountains  in  northern  Alabama. 

Longleaf  pine  in  both  the  virgin  forest  and  second  growth  is  char- 
acteristically a  tree  of  pure  stand — one  in  which  80  per  cent  or  more 
of  the  trees  are  of  a  single  species.  Pure  longleaf  stands  are,  how- 
ever, generally  broken  up  along  small  drainage  ways  by  narrow 
strips  of  hardwoods  and  other  species  of  pine.  On  the  border  line 
between  the  coastal  plain  and  the  piedmont  and  Mississippi  bluffs, 
longleaf  is  mixed  with  loblolly  and  shortleaf  pine  on  the  uplands; 
the  same  mixture  is  found  at  the  northern  limit  of  the  longleaf 
range  in  Louisiana  and  Texas.  On  the  flat,  poorly  drained  lands 
along  the  coast,  and  particularly  bordering  ponds,  longleaf  mingles 
with  loblolly  and  slash  pines. 

Longleaf  pine  produces  abundant  seed  or  mast  only  at  rather  long 
intervals.  The  virgin  longleaf  forest  rarely  bears  a  full  crop  of  seed 
oftener  than  once  in  about  seven  years.  Even  on  cut-over  lands, 
where  the  scattered  trees  have  the  full  light  and  abundant  root  space 
believed  to  favor  seed  production,  seed  is  not  borne  in  appreciable 
quantities  oftener  than  every  three  or  four  years  {2Ji).^  It  is  this 
habit  of  infrequent  seeding  which  places  this  species  below  all  others 
of  the  region  in  satisfactory  reproduction. 

The  seed  itself  is  the  largest  borne  by  any  of  the  southern  pines, 
and  is  readily  found  and  devoured  by  a  wide  variety  of  animals  and 
birds.  But  its  weight  no  doubt  contributes  to  its  marked  ability  to 
penetrate  a  mat  of  tangled  grass  and  surface  vegetation  to  the 
mineral  soil  necessary  to  successful  germination.  A  satisfactory 
stand  rarely  fails  of  establishment  merely  because  a  proper  seed 
bed  was  not  exposed.  In  fact  the  burning  occasionally  advocated 
as  necessary  to  clean  the  ground  for  the  reception  of  longleaf  pine 
seed  may  so  expose  the  resulting  seedlings  to  frost,  direct-heat  kill- 
ing, and  to  drying  out  of  the  surface  soil,  as  to  defeat  the  very  end 
sought;  undoubtedly  much  depends  on  the  weather  following  ger- 
mination. 

In  competition  with  other  species  of  pine  and  with  hardwoods,  long- 
leaf  seedlings  are  at  a  decided  disadvantage,  owing  to  their  peculiar 
habit  of  very  slow  height  growth  during  the  first  three  to  eight 
years,  the  length  of  this  period  depending  on  the  quality  of  the  site.* 

^  Italic  Bumbers  in  parentheses  refer  ta  Literature  Cited,  p.  1 13. 

*  Site  is  the  combination  of  soil  and  climate  which  determines  the  amount  of  wood 
which  can  be  grown  on  forest  land. 
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On  the  other  hand,  tliis  growth  of  only  a  few  inches  in  the  first  few 
years  of  its  life  gives  the  longJeaf  pine  remarkable  fire  resistance. 
Over  the  greater  part  of  the  tree's  range,  germination  takes  place 
promptly  after  the  seed  reaches  the  ground  in  early  winter.  Up  to 
the  first  autumn  following  germination  the  seedlings  are,  of  course, 
readily  killed  by  scorching.  From  this  time  until  the  seedlings  are 
about  6  inches  in  height,  their  stems  and  buds  are  so  completely  pro- 
tected by  a  heavy  growth  of  needles,  or  "  straw,"  that  winter  fires 
kill  comparatively  few  of  them.  For  two  or  three  years  after  they 
first  begin  to  mate  good  height  growth — a  foot  or  more  in  a  single 
season — the  seedlings  are  again  extremely  sensitive  to  fire,  and  a 
considerable  proportion  of  them  are  killed  by  fires.  After  this 
second  period  of  sensitiveness,  longleaf  pine  develops  a  heavy  bark 
that  enables  it  throughout  the  rest  of  its  life  to  survive  an  extraor- 
dinary number  of  fires.  Experiments  have  shown,  however,  that  fre- 
quent fires  result  in  a  natural  reduction  in  its  rate  of  growth  (20), 

Hogs  are  locally  a  serious  enemy  of  longleaf  pine  seedlings.  It 
has  been  amply  demonstrated  by  experiments  that  these  animals, 
either  of  the  razorback  or  more  domesticated  variety,  can  wipe  out 
a  stand  of  longleaf  pine  seedlings  as  much  as  5  or  10  years  old  (^0). 
They  destroy  the  young  seedlings  by  girdling  them  at  and  below  the 
surface  of  the  ground,  at  which  point  this  pine  has  a  heavy  inner 
bark.  They  may  cause  serious  damage  to  well-grown  saplings  by 
stripping  the  bark  from  the  surface  roots.  No  doubt  hogs  consume 
considerable  quantities  of  longleaf  pine  seed  also,  particularly  if 
other  food  is  scarce  in  the  late  fall  or  winter. 

Because  of  its  slow  early  growth,  longleaf  pine  is  sometimes 
regarded  as  a  less  desirable  species  for  timber  growing  than  the  other 
southern  pines.  This  has  persuaded  some  owners  to  plant  other 
species  on  denuded  longleaf  land.  On  one  forest  property  managed 
for  sustained  naval-stores  production,  hogs  are  allowed  to  range  at 
will,  with  the  object  of  eliminating  longleaf  in  favor  of  the  faster- 
growing  slash  pine.  But  it  should  be  remembered  (1)  that  longleaf 
is  found  naturally  on  the  very  poorest  soils  in  the  entire  coastal 
plain,  where  growth  of  any  species  is  certain  to  be  slow;  and  (2)  that 
particularly  on  such  soils  it  is  dangerous  to  upset  natural  conditions 
which  are  the  result  of  centuries  of  adjustment  of  the  forest  to  its 
environment.  In  other  words,  the  planting  of  loblolly  pine,  for 
example,  on  dry  longleaf  pine  land  may  be  apparently  successful  for 
a  number  of  years,  yet  in  the  long  run  prove  disappointing,  because 
of  the  inability  of  the  substitute  species  to  thrive  under  the  rigors  of 
drought.  In  mixed  growth  of  slash  and  longleaf,  the  longleaf  pine, 
while  interfering  very  little  with  the  faster-growing  slash,  may  prove 
an  invaluable  insurance  against  the  complete  destruction  of  the 
stand  in  an  accidental  fire. 

Longleaf  is  more  susceptible  to  the  brown-spot  needle  blight 
{Cryptosporiwm  aclcolvmh  Thiim)  than  the  other  pines.  Under 
some  conditions  this  disease  kills  many  seedlings  less  than  a  foot  or 
two  in  height,  and  must  stunt  the  growth  of  others. 

The  very  heavy  taproot  of  the  longleaf  pine  enables  even  scattered 
trees,  such  as  are  left  under  forest  management  for  seed  production,  to 
stand  up  under  high  winds.  Only  on  soil  types  which  have  an  im- 
penetrable clay  or  hardpan  within  a  foot  or  two  of  the  surface,  so 
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that  the  taproot  can  not  develop,  is  longleaf  thrown  by  any  ordinary 
wind.  The  tropical  cyclones  which  occasionally  visit  the  piney 
woods,  and  which  have  cleared  the  way  for  the  well-known  stands  of 
even-aged  "  harrican "  (hurricane)  timber,  will  of  course  uproot 
even  longleaf.  No  tree,  except  perhaps  cypress,  is  capable  of  with- 
standing the  force  of  such  winds.  The  relatively  small  trees  charac- 
teristic of  second  growth  suffer  less  than  the  mature  veterans  of  the 
original  forest,  regardless  of  species   (29). 

Resistant  to  both  fire  and  wind,  longleaf  pine  has  other  virtues. 
At  least  in  second  growth,  it  has  been  found  to  withstand  deeper 
chipping  for  naval  stores  than  slash  pine.  Also  longleaf  continues 
to  grow  at  a  more  uniform  rate,  both  in  height  and  diameter,  than 
the  other  southern  pines. 

Although  some  extensive  stands  of  splendid  second-growth  long- 
leaf  have  succeeded  the  virgin  timber,  particularly  in  southern 
Georgia  and  Alabama  and  in  northern  Florida,  a  far  greater  pro- 
portion of  longleaf  pine  land  has  been  completely  denuded — that 
is,  stripped  clear  of  seed-producing  trees  and  repeatedly  burned — 
than  of  loblolly,  shortleaf,  or  slash  pine  land.  Occasionally  the 
seed  trees  have  been  destroyed  by  close  cutting  alone,  as  in  the 
animal-logged  area  shown  in  Plate  2,  A.  More  often,  however, 
steam  skidders  combined  with  close  cutting  have  been  responsible 
for  their  destruction. 

Good  stands,  frequently  running  from  10,000  to  15,000  board 
feet  to  the  acre  over  large  areas,  have  invited  the  use  of  the  skid- 
ders, which,  as  ordinarily  operated,  break  down  or  cripple  many 
of  the  trees  left  standing  by  the  fallers.  Turpentining,  followed 
by  fires  which  kindle  the  old  boxes  or  faces,  has  killed  the  virgin 
timber  on  thousands  of  acres.     (PI.  8,  B.) 

The  absence  of  cultivated  lands  and  of  well-constructed  roads, 
both  of  which  in  the  shortleaf  and  loblolly  pine  belts  act  as  fire 
breaks,  has  permitted  the  annual  fires  in  longleaf  forests  to  cover 
very  large  areas.  The  combined  effect  of  close  cutting,  steam  skid- 
ding, and  burning  is  illustrated  in  Plate  2,  B. 

It  is  estimated  that  of  approximately  42,100,000  acres  ^  of  cut- 
over  longleaf  and  slash  pine  land,  22,400,000  acres  have  not  re- 
stocked, either  because  of  fires,  absence  of  seed  trees,  or  both.  The 
virgin  stands  remaining — about  8,600,000  acres — are  being  cut  at 
the  rate  of  750,000  acres  a  year,  of  which  about  four-fifths  is  clear- 
cut.  Cutting  and  destructive  turpentining  of  second  growth,  or 
of  remnants  of  the  virgin  timber  left  in  early  logging,  cover  ap- 
proximately 1,200,000  acres  a  year,  half  of  this  area  being  denuded 
of  seed-bearing  trees.  The  trees  remaining  from  earlier  cuttings 
in  virgin  stands  are  often  too  scattered  for  profitable  saw-timber 
operation,  but  are  cut  for  poles,  piling,  and  ties. 

An  example  of  practically  complete  denudation  is  a  tract  of  long- 
leaf  pine  land  in  southAvest  Louisiana  cut  over  between  1914  and 
1919.     It  originally  bore  a  stand  of  about  15,000  board  feet  to  the 

^This  and  similar  figures  given  later  in  the  text  are  for  the  entire  commercial  range 
of  the  southern  pines,  including  the  piedmont  plateau,  in  the  following  States  :  Virginia, 
the  Carolinas,  Georgia.  Florida,  Alabama.  Mississippi,  Loxiisiana,  Texas,  Oklahoma,  and 
Arkansas.  Separate  information  is  not  available  for  the  area  outside  of  Ihe  piedmont, 
that  is,  the  region  covered  by  this  bulletin.  It  has  also  been  necessary  to  include  slash 
pine  with  longleaf  pine,  and  loblolly  with  bhortleaf.     The  ligurcs  are  for  January,  11)12(5. 
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acre  of  prime  timber.  A  tally  was  made  in  1925  of  the  standing 
trees  and  seedlings  on  a  strip  2  chains  wide  run  at  random  for  4 
miles  through  the  tract.  This  showed,  on  each  5  acres,  less  than  one 
living  pine  4  inches  d.  b.  h.®  or  larger,  and  generally  this  occasional 
tree  was  so  small  or  crippled  as  to  be  incapable  of  seed  production. 
Longleaf  seedlings,  averaging  only  28  to  the  acre,  were  almost 
wholly  "  advance  growth,"  that  is,  they  had  been  present  under  the 
virgin  stand  before  it  was  cut. 

SHORTLEAF  PINE 

Extensive  pure  forests  of  shortleaf  pine  are  largely  confined  to  the 
western  portion  of  the  southern  pine  region,  chiefly  southwestern 
Arkansas,  northeastern  Texas,  and  southeastern  Oklahoma.  Small 
stands,  chiefly  on  old  fields,  containing  80  per  cent  or  more  of  this 
pine  occur  at  many  points  in  the  coastal  plain  outside  of  Florida, 
and  are  particularly  abundant  near  the  fall  line  (piedmont  plateau 
boundary)  in  Virginia,  the  Carolinas,  and  Georgia,  and  in  northern 
Mississippi.  For  the  most  part,  how^ever,  shortleaf  pine  grows  in 
mixtures  with  other  tree  species.  With  loblolly  pine  it  occurs  on 
innumerable  old  fields,  and  with  upland  hardwoods  and  loblolly 
on  hundreds  of  thousands  of  acres  of  cut-over  or  culled  land,  from 
Virginia  to  Texas  and  Oklahoma. 

Shortleaf  pine  probably  bears  seed  as  frequently  and  abundantly 
as  any  of  the  southern  pines,  and  the  small  size  of  the  seed  enables 
it  to  be  carried  long  distances  by  the  wind,  occasionally  as  far  as  an 
eighth  to  a  quarter  of  a  mile  (22).  It  does  not  require  mineral 
soil  for  germination,  and  on  the  exposed  soil  of  old  fields  serious 
overcrowding  often  results  from  too  abundant  germination.  How- 
ever, a  certain  amount  of  crowding  is  necessary  to  the  development 
of  clean-boled  trees,  since  shortleaf,  no  doubt  owing  to  its  ability  to 
withstand  shade,  prunes  itself  in  natural  stands  less  rapidly  than 
the  other  southern  pines.  A  mixture  of  hardwoods  in  the  stand  is 
believed  to  encourage  pruning. 

Shortleaf  seedlings  have  the  advantage  of  sprouting  vigorously 
if  damaged  by  a  light  fire,  provided  they  are  not  more  than  10  or  12 
years  old  at  the  time  of  the  fire,  and  provided  the  fire  did  not  occur 
during  the  vegetative  season. 

Pure  stands  of  virgin  shortleaf  pine  on  the  poorer  sites  are  occa- 
sionally denuded  by  close  cutting  and  repeated  fires.  (PI.  2,  C.) 
The  area  of  nonrestocked  shortleaf  and  loblolly  (very  largely  short- 
leaf)  land  is  approximately  6,250,000  acres,  to  which  close  cutting 
is  adding  about  100,000  acres  yearly.  But  in  general  this  pine, 
growing  in  lighter  stands  than  longleaf  and  lending  itself  less  well 
to  the  profitable  use  of  steam  skidders,  suffers  little  denudation. 
The  lighter  stands  are  not  the  result  of  a  lower  growth  rate  but  of 
the  closer  approach  to  an  all-aged  condition.  In  a  stand  where  all 
ages  of  trees  from  seedlings  to  mature  veterans  are  represented  the 
volume  of  merchantable  material  present  at  any  one  time  is  very 
much  less  than  in  a  stand  whore  tlio  trees  are  all  of  one  age    and 

«D.  b.  h.^diamrtcr  breast  hlKh.  All  Hir  dljunetcrs  rIvpii  in  this  bulletin  are  diame- 
ters breast  higb,  or  tit  a  point  4Vi  feet  above  tlie  surlacc  of  tlie  ground. 
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mature.  Unless  subsequent  fires  burn  in  the  slash  or  tops,  such  an 
all-aged  forest  culled  of  its  mature  timber  soon  recovers  and  is 
ready  for  another  cutting  in  15  to  30  years.     (PI.  1,  B.) 

LOBLOLLY  PINE 

Pure  forests  of  virgin  loblolly  pine  were  never  common,  and  are 
now  found  only  in  southeastern  Texas  and  southeastern  Arkansas 
on  flatlands  just  above  the  overflow  level  of  the  main  streams.  How- 
ever, loblolly  pines  as  individuals  or  in  small  groups  grew  naturally 
among  the  virgin  hardwoods  in  a  very  wide  variety  of  those  bottom 
lands  which  are  not  subject  to  long  overflow  or  backwater,  and  the 
tree  has  been  very  aggressive  in  extending  its  range  into  all  lands 
adjacent.  Because  in  the  early  days  of  the  southern  pine  industry 
in  the  coastal  plain  it  was  the  longleaf  on  the  slopes  and  ridges  that 
was  cut  and  the  loblolly  in  the  draws  and  bottoms  that  was  left 
standing,  the  latter  had  all  the  better  of  it  in  the  subsequent  reseed- 
ing  of  the  cut-over  land.  Although  fires  were  less  destructive  to  the 
longleaf,  the  fondness  of  hogs  for  longleaf  seed  and  roots  threw  the 
balance  the  opposite  way.  Pure  stands  of  second-growth  loblolly 
pine,  both  on  old  cuttings  and  on  abandoned  fields,  are  now  scat- 
tered throughout  the  coastal  plain  north  of  central  Florida,  with 
the  exception  of  the  region  of  pure  shortleaf  pine  earlier  described. 

The  aggressiveness  of  this  species  is  partly  due  to  its  abundant 
production  of  light,  wind-borne  seed  and  to  its  apparent  ability  to 
adjust  its  root  habit  to  meet  a  wide  variety  of  soil  conditions.  But 
it  is  chiefly  due  to  its  extremely  rapid  growth.  In  any  even-aged 
mixture  of  pines  or  pines  and  hardwoods,  loblolly  almost  always 
exceeds  its  associates  both  in  height  and  diameter  growth ;  but  occa- 
sionally slash  pine  seems  to  do  even  better.  Loblolly  pine  seedlings, 
although  unable  to  sprout  following  a  severe  fire,  early  develop  a 
very  thick  bark,  and  in  the  pole  stage  the  tree  is  more  resistant  to 
fire  than  shortleaf. 

It  is  needless  to  say  that  loblolly  pine  land,  unless  ravaged  by 
frequent  fires,  rarely  remains  denuded  very  long. 

SLASH  PINE 

Extensive  pure  stands  of  virgin  slash  pine  were  rare  except  in 
the  lower  peninsula  and  Gulf  coast  of  Florida.  From  South  Caro- 
lina to  eastern  Louisiana  individuals  or  small  groups  of  slash  pine, 
like  loblolly,  were  present  in  the  virgin  forest  along  small  streams 
and  in  swamps  throughout  the  flatwoods  of  the  coastal  plain,  and 
these  have  provided  the  seed  for  great  acreages  of  beautiful  second 
growth  on  adjacent  cut-over  longleaf  land,  and  on  occasional  old 
fields.  Abundant  seed  production,  very  vigorous  early  growth,  and 
ability  to  adapt  itself  to  a  wide  range  of  soils  are  characteristic  of 
this  species.  It  is,  however,  sensitive  to  fire  for  the  first  few  years. 
With  the  spread  of  fire  protection  in  the  South  slash  pine  will 
imdoubtedly  be  greatly  benefited  in  its  competition  with  longleaf  for 
the  moist  flatlands,  and  it  shows  some  evidences  of  taking  posses- 
sion of  the  moderate  slopes  as  well.  It  produces  large  quantities 
of  naval  stores,  on  the  average  more  than  longleaf,  but  is  more  sensi- 
tive to  heavy  chipping, 
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The  wet  areas  in  which  slash  pine  commonly  occurs  do  not  burn 
often,  but  when  dry  enough  to  burn  make  a  very  hot  fire,  because 
of  the  abundant  vegetation.  Hence,  slash  pine  land  is  not  uncom- 
monly denuded.  Severe  turpentining  followed  by  windfall  and  fire 
is  a  source  of  widespread  denudation  of  second-growth  stands. 

OTHER  SOUTHERN  PINES 

Sand  or  scrub  pine  {Pinus  clausa)  is  found  chiefly  in  the  hills  of 
the  peninsula  of  Florida,  on  sites  where  no  other  tree  now  appeal's 
able  to  establish  and  maintain  itself,  and  in  west  Florida  bordering 
salt  water  and  the  streams  flowing  directly  into  it.  The  tree  grows 
very  much  faster  than  the  longleaf  pine,  which  is  its  most  common 
associate  in  mixtures,  and  has  some  promise  as  a  pulpwood  and  box- 
board  species.  On  the  other  hand  it  is  limby,  produces  inferior 
lumber  for  general  purposes,  and  is  extremely  sensitive  to  fire.  Even- 
aged  stands  of  well-grown  sand  pine  are  not  uncommonly  swept  by 
crown  fires,  and  would  be  completely  wiped  out  were  it  not  for  the 
tree's  peculiar  habit  of  opening  its  cones  chiefly  at  high  tempera- 
tures. That  is,  a  stand  of  this  species  may  have  every  tree  destroyed 
by  fire,  but  may  arise  from  its  own  ashes  as  a  result  of  the  release  of 
seed  from  cones  remaining  on  the  trees  for  years  prior  to  the  fire. 

Black,  pond,  or  pocoson  pine  {Pinus  rigida  serotina)^  which  grows 
near  the  Atlantic  and  Gulf  coasts,  although  inferior  to  loblolly  pine, 
is  sometimes  mistaken  for  it.  Like  many  another  tree  of  poor  form 
and  quality  of  wood,  it  is  a  good  deal  better  than  nothing,  and  is 
decidedly  worth  producing  on  lands  where  no  other  species  grows. 

The  spruce  or  cedar  pine  {Pirms  gidbra)  borders  many  streams 
throughout  the  coastal  plain  from  South  Carolina  to  east  Louisiana, 
and  is  in  some  respects  the  equal  of  loblolly  pine,  which  it  seems  to 
resemble  in  habits. 

None  of  these  pines  is  of  enough  importance  to  warrant  further 
discussion  in  this  bulletin,  and  in  fact  very  little  is  known  about 
them. 

ADVANTAGES  OF  THE   SOUTH   FOR  TIMBER   GROWING 

The  southern  pine  region  as  a  whole  has  advantages  for  timber 
growing  which  are  equaled  by  very  few  forest  regions  in  the  United 
States.     These  advantages  are  both  natural  and  economic. 

The  southern  pines  as  a  group  rank  among  the  most  rapidly  grow- 
ing tree  species  in  the  United  States  {17a).  A  fully  stocked  acre  of 
second  growth  will  produce  15  to  36  cords  of  rough  (unpeeled)  pulp- 
wood  at  20  years  of  a^e  and  4  to  8  and  10  inches  d.  b.  h.,  and  12,()(X) 
to  30,000  board  feet  (lumber  tally)  at  40  years  and  7  to  12  and  16 
inches  d.  b.  h.  These  figures  are  for  average  land ;  the  lower  figures 
are  for  longleaf,  the  higher  for  loblolly.  Such  stands  are  growing 
at  an  average  yearlv  rate  (for  the  periods  named)  of  0.75  to  1.8  cords, 
or  from  300  to  750  board  feet  to  the  acre. 

The  remarkably  early  age — 25  to  30  years  on  average  sites — at 
which  loblolly,  shortleaf,  and  slash  pines  begin  to  produce  saw  logs 
in  commercial  quantities  may  overcome  a  disadvantage  under  wliich 
most  large  manufacturers  find  themselves  when  considering  the  pos- 
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sibility  of  timber  growing  as  a  means  of  sustaining  the  cut  of  exist- 
ing mills.  This  disadvantage  is  the  comparatively  short  operating 
period  left  them  before  their  virgin  stumpage  is  exhausted.  Where 
proper  steps  have  been  taken  for  the  protection  of  the  timber,  second- 
growth  saw  logs  will  often  have  developed  since  early  cutting,  either 
on  the  operator's  lands  or  on  purchasable  lands  near  by,  and  will 
keep  his  mills  running  after  the  virgin  timber  is  gone.  Longleaf 
pine,  although  somewhat  slower  than  the  other  species  to  produce 
saw  logs,  on  land  of  average  quality  reaches  a  size  for  profitable 
turpentining  at  25  years. 

The  southern  pines  are  not  only  remarkably  quick  growing,  but 
are  also  of  excellent  form  for  high-grade  utilization.  Longleaf  and 
slash,  because  of  sparse  branching,  have  relatively  few  knots,  even 
in  the  upper  portions  of  their  stems,  and  all  four  species  rapidly  lose 
their  lower  limbs  in  dense  second-growth  stands.  The  long,  clean 
boles,  which  are  the  striking  characteristic  of  well-stocked  southern 
pine  stands,  and  which  make  possible  the  production  of  serviceable 
lumber  from  young  trees,  are  well  illustrated  in  Plate  1,  A.  The 
wood  of  the  southern  pines  is  adapted  to  a  very  large  variety  of 
purposes,  which  include  construction  timbers,  dimension,  interior 
finish,  flooring,  and  special  products.  Longleaf  and  slash  in  particu- 
lar are  strong  woods,  and  the  heartwood  of  all  species  is  durable. 
The  lumber  presents  no  serious  problems  in  successful  drying.  Sec- 
ond growth  in  particular  takes  such  preservatives  as  creosote  very 
readily.  It  should,  of  course,  be  realized  that  young,  quickly  de- 
veloped stands  of  second  growth  will  not  produce  the  same  quality 
of  lumber  as  the  mature,  slow-grown  stands  of  virgin  timber,  and 
that  open,  wide-spaced  stands  will  grow  only  very  coarse  lumber. 
The  value  of  the  pines  for  certain  kinds  of  pulpwood  is  extremely 
high,  because  of  the  long  fiber.  No  other  American  species  have 
been  successfully  worked  for  naval  stores  on  a  commercial  scale. 

In  ease  of  natural  reproduction  it  would  be  hard  to  find  species 
better  adapted  to  timber  growing  than  loblolly,  shortleaf ,  and  slash 
pines.  Pine  seed  does  not  require  a  special  soil  for  successful  germi- 
nation. It  has  been  found  to  penetrate  to  mineral  soil  even  through 
dense  grass  or  underbrush,  and  to  produce  seedlings  which  are  gen- 
erally able  to  establish  themselves.  In  spite  of  the  variety  and 
abundance  of  competing  vegetation  on  southern  pineland,  the  pines 
appear  able,  except  perhaps  under  extreme  conditions  of  poor  soil  and 
thorough  establishment  of  brush,  to  grow  up  through  the  vegetation 
in  numbers  sufficient  to  make  an  excellent  commercial  stand. 

Fires  have  been  the  greatest  cause  of  failure  of  the  southern  pines 
to  reproduce  naturally  throughout  their  range,  and  they  are  still  a 
main  obstacle  to  timber  growing  in  the  South.  Yet  in  many  re- 
spects the  control  of  fire  in  this  region  is  infinitely  less  of  a  problem 
than  in  other  important  forest  regions.  For  example,  it  has  been 
found  that  only  a  very  minor  proportion  of  these  fires  are  set  by 
lightning — the  one  agency  beyond  present  human  control.  Man- 
made  fires  are  preventable  by  man.  Furthermore,  the  custom  of 
burning  the  piney  woods  each  year  in  order  to  freshen  the  pasturage 
is  giving  way  before  the  southern  stockman's  growing  realization 
that  fires  in  the  long  run  are  as  much  of  a  hindrance  to  the  stock 
industries  as  to  the  forest  industries.     Locality  after  locality  in  the 
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southern  pine  belt  is  demonstrating  that  once  local  people  are  con- 
vinced of  the  advantages  to  be  derived  from  fire  protection  the  pre- 
vention of  fires  is  by  no  means  impossible. 

Like  prevention,  control  of  fire  is  on  the  whole  easier  in  the 
South  than  in  many  forest  regions.  Although  it  is  true  that  surface 
fires,  if  driven  by  high  winds  through  dry  grass  or  pine  needles, 
are  at  times  very  difficult  to  stop,  it  is  equally  true  that  fire  rarely 
mounts  into  the  crowns  of  the  trees.  Fire  fighting  is  vastly  easier 
in  the  South  than  in  forest  regions  where  crown  fires  are  the  rule', 
or  where  fire  may  burn  stubbornly  for  days  in  deep  layers  of  decay- 
ing vegetable  matter  on  the  surface  of  the  ground. 

Filially,  the  damage  done  by  fire  to  the  average  acre  is  less  in 
the  piney  woods  than  in  many  parts  of  the  United  States.  Of  the 
millions  of  acres  of  pineland  in  the  South  which  still  burn  over 
every  year,  only  a  portion — for  the  most  part  that  bearing  seedlings 
and  saplings — suffers  complete  destruction  of  the  timber  crop. 
Half-grown  stands  are  destroyed  only  occasionally,  and  mature 
stands  rarely.  Even  under  the  best  system  of  fire  protection  some 
land  is  bound  to  burn  at  times,  but  contrary  to  popular  belief,  it  has 
been  found  that  most  fires  are  not  appreciably  hotter  or  more 
destructive  on  land  long  protected  than  on  land  frequently  burned. 

The  southern  pines  have  few  serious  enemies  besides  fire.  Locally, 
grazing  by  sheep  and  goats  may  be  destructive,  but  the  number  of 
sheep  in  the  piney  woods  has  steadily  dwindled.  More  widespread, 
but  by  no  means  universal,  is  hog*  damage.  Over  perhaps  a  quarter 
of  the  longleaf  belt  hogs  have  played  a  part  in  keeping  lands  un- 
productive. Compulsory  fencing,  not  only  of  hogs  but  of  all  classes 
of  livestock,  is  gradually  becoming  the  rule  in  the  South.  This  will 
automatically  eliminate  grazing  damage  from  areas  definitely  dedi- 
cated to  timber  growing  and  will  perhaps  go  farther  than  any 
other  one  measure  in  overthrowing  the  practice  of  annual  burning 
by  stockmen. 

No  tree  disease  threatens  to  become  a  scourge  in  the  southern 
pineries,  although  the  needle  blight  kills  some  longleaf  pine  seed- 
lings in  their  early  stages.  Among  innumerable  forest  insects,  a 
species  of  bark  beetle  occasionally  becomes  epidemic  and  kills  con- 
siderable acreages  of  mature  pine.  The  tropical  hurricanes,  which 
have  wrought  enormous  local  destruction  to  the  virgin-pine  forests 
of  the  South  in  times  past,  seem  little  likely  to  do  comparable  damage 
to  the  second-growth  forests  of  the  future. 

The  natural  advantages  of  southern  pinelands  for  timber  growing 
are  made  doubly  effective  by  their  economic  advantages. 

Cheap  land  is  still  a  characteristic  of  the  southern  piney  woods. 
When  timber  was  bought  in  the  early  nineties  at  $1.25  an  acre  the 
land  was  considered  by  the  great  majority  of  purchasers  to  have 
been  thrown  in;  and  even  to-day  the  values  attaching  to  bare  land 
formerly  in  pine  are  very  small.  Large  tracts  of  cut-over  land, 
fairly  well  supplied  with  seed-bearing  trees,  may  be  bought  for  $2  to 
$10  an  acre,  and — what  is  of  especial  importance  to  those  who  would 
like  to  extend  the  life  of  their  sawmills  and  other  wood-using  plants — 
land  well  stocked  with  young  timber  up  to  10  or  15  years  of  age  nuiy 
be  bought  for  $4  to  $20  an  acre.  This  is  for  the  region  as  a  whole; 
some  at  $10  is  still  available  in  every  southern  pine  State.     Such 
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stands,  which  within  two  or  three  decades  will  furnish  saw  logs,  are 
being  bought  to-day  in  ever-increasing  area  by  f  arsighted  men  inter- 
ested in  the  perpetuation  of  going  forest  industries.  Although  the 
quality  of  the  logs  they  will  produce  is  generally  below  that  obtained 
from  virgin  timber,  now  very  hard  to  buy  in  large  tracts,  half -grown 
stands  are  often  the  better  investment  because  of  their  cheapness  and 
lower  carrying  charges. 

As  a  result  partly  of  the  high  value  of  their  products  and  the 
proximity  of  the  South  to  lar^e  and  steady  markets,  the  stumpage 
values  of  southern  pines  has  risen  in  the  last  25  years  at  a  faster 
rate  than  have  average  softwood  stumpage  values  for  the  United 
States  as  a  whole.  This  is  graphically  shown  in  Figure  2,  based 
on  data  compiled  in  the  Forest  Service  by  C.  W.  Boyce. 

The  flatness  of  the  greater  part  of  the  coastal  plain  combines  with 
the  generally  firm  footing  for  logging  animals  to  make  this  region 
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Figure  2. — The  steady  advance  in  stumpage  value  of  southern  pine.  Longleaf  pine 
includes  slash  also,  and  shortleaf  includes  loblolly.  The  South  Atlantic  States 
are  Virginia,  the  Carolinas,  Georgia,  and  Florida.  The  lower  Mississippi  States 
are  Alabama,  Mississippi,  Louisiana,  Texas,  and  Arkausas 
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one  of  the  cheapest  in  the  United  States  for  logging  operations. 
Except  in  occasional  extensive  swamps,  such  as  the  Okefenokee  in 
southern  Georgia,  where  pine  occurs  in  considerable  quantities  on 
islands,  and  in  the  Ouachita  Mountains  of  Arkansas,  removal  of  the 
timber  presents  very  minor  engineering  problems.  Timber  of  such 
size  as  to  be  difficult  to  handle,  or  country  so  rocky  and  elevated 
as  to  tax  the  ingenuity  of  logging  engineers,  is  almost  unknown  in 
the  South.  Abundant  resident  labor,  accustomed  from  boyhood  to 
woods  and  sawmill  work,  is  characteristic  of  the  southern  pineries. 

The  southern  pineries  are  strategically  located  with  respect  to 
markets  in  the  great  industrial  centers  of  the  Northeastern  and 
Central  States  and  the  agricultural  Middle  West.  The  center  of  this 
consuming  territory  is  about  1,200  miles  from  southern  Mississippi, 
which  is  now  the  chief  manufacturer  of  lumber  from  virgin  tim- 
ber, but  it  is  2,750  miles  from  the  west  coast.  The  South  itself  is 
rapidly  exi:)anding  its  manufacturing  industries  and  requiring  in- 
creasing quantities  of  wood  on  its  farms;  it  is  thus  already  al>sorb- 
ing  a  remarkably  high  percentage  of  the  output  of  its  own  forests. 
Although  the  total  cut  of  southern  pine  was  substantially  less  in 
1922  than  in  1925,  the  percentage  consumed  within  the  States  south 
of  Mason  and  Dixon's  line  (not  including  Missouri)  increased  from 
42  to  51  in  those  three  years. 

Public  interest  in  timber  .growing  in  the  South,  as  evidenced  by 
the  establishment  of  State  forestry  departments,  has  awakened  to 
an  amazing  degree.  A  forester  was  employed  yearlong  by  Mary- 
land as  early  as  1906  and  by  North  Carolina  in  1909.  Virginia  and 
Texas  began  active  forestry  work  in  1915  and  Louisiana  in  1917. 
Since  1924,  Alabama,  Oklahoma,  Georgia,  Mississippi,  Florida,  South 
Carolina,  and  Delaware  have  undertaken  the  Avork.  Only  one  State 
in  the  South  remains  without  a  forestry  department.  A  substantial 
sentiment  in  favor  of  timber  growing  in  this  State,  however,  is 
evident  in  the  employment  of  an  extension  specialist  in  forestry. 
The  counties  in  several  States  have  contributed  funds.  Powerful 
aid  has  been  lent  through  cooperative  expenditures  of  the  Federal 
Government,  and  the  example  set  on  the  national  forests.  Table  1 
shows  the  degree  to  which  the  Southern  States  have  individually 
taken  the  public  action  which  must  largely  precede  or  at  least  acconi- 
pany  private  action  in  timber  growing. 

Table   1. — Aimual  appropriatioti^t   for   forestry  dcpatinients  hy   the   Southern 

Stutctt  for  1928' 


state 


Delaware 

Maryland 

ViTKinia 

North  C3arolina 
8oiith  (Carolina 

(leorRia... 

Florida 


Anpro- 
priation 


$5,000 
49,100 
30,000 
47,300 
4,000 
13,500 
12,500 


State 


Alabama.-. 
Mississippi. 
Louisiana.. 

Texas 

Oklahoma. 

Total 


Appro- 
priation 


$50,000 
20,000 
8a  000 
51,700 
15,000 


378,100 


•  l^eoause  of  variations  in  methods  of  apj)ropriation  and  in  fiscal  jtan  as  between  the  States  the  figures 

given  arc  .lot  in  all  instances  precisely  oomimruble. 
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IDLE  AND  Desolate  from  Misuse 


Close  cutting  and  fires  have  convorKMl  one  of  the  fhiest  virgin  longleaf  pine  tracts  in  Tx>uisiana  (A) 
into  a  waste  on  which  thore  is  no  liope  liere  of  natural  reforestation  and  have  rendered  otiually 
valuable  land  in  Mississipi)i  (H)  a  drug  on  the  nnirket.  No  oiu?  will  purchiusc  such  iireas  when 
millions  of  acres  of  similar  land,  studded  with  seo<l-lH>aring  trees  and  neiHling  only  lire  nrott'ction 
to  make  thoiu  productive,  are  for  sale  at  the  same  price.  Similarly,  on  shortleaf  liuicl  in  Okla- 
homa (C),  close  cutting  and  fires  have  left  the  land  leafy  but  uni)ro<luctive.  Of  68  shortleaf 
pines  above  9  inches  in  diameter  originally  standing  to  the  acre  here,  an  average  of  only  1.5 
ragged  individuals  were  left  in  logging.  The  few  pine  seedlings  that  start  on  such  aretis  must 
struggle  against  worthless  hardwoods. 
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Taxes,  which  in  some  instances  have  undoubtedly  borne  heavily 
upon  the  owners  of  southern  forest  lands,  are  not  generally  so  high 
as  is  popularly  believed.  Louisiana  and  Alabama  have  adopted  a 
policy  of  deferring  taxes  on  forests  until  the  trees  are  grown. 

MEASURES  NECESSARY  TO  KEEP  FOREST  LANDS 
PRODUCTIVE 

In  spite  of  its  great  natural  and  economic  advantages  as  a  timber- 
growing  region,  the  South  in  1926  (the  last  year  for  which  detailed 
figures  are  available)  could  boast  of  only  a  very  small  percentage 
of  its  100,000,000  acres  of  cut-over  pineland  as  fully  productive  of  a 
new  crop  of  trees.  The  condition  of  this  vast  area  was  estimated 
to  be  as  follows : 

Acres 

Denuded/  without  young  growth  or  seed  trees 10,  000, 000 

Not  restocked,^  but  having  enough  seed  trees  to  restock  under  fire 

protection 18,  650,  000 

Fully  or  partially  restocked  to  saplings  and  cordwood 35,  500,  000 

Fully  or  partially  restocked  to  saw  timber 36,  750,  OiJ(J 

Total 100,  900,  000 

Fire  protection  will  permit  the  restocking,  in  time,  of  the  second 
class  of  land,  but  no  amount  of  protection  can  bring  about  any 
change  in  the  10,000,000  acres  in  the  first  classification.  Less  than  1 
per  cent  of  the  last  two  classes  may  be  considered  fully  stocked. 

Roughly  14,000,000  acres  of  virgin  pineland  remained  in  the 
South  in  1926.  Nearly  5,000,000  acres  of  virgin,  culled,  or  second- 
growth  pine  stands  are  each  year  logged  or  destructively  turpen- 
tined. On  about  1,330,000  of  these  acres  all  seed  trees  are  destroyed. 
Few  acres  indeed  are  left  in  a  condition  to  restock  fully. 

Agriculture  and  other  uses  for  pineland  cut  over  or  wrecked  by 
turpentining  do  not  begin  to  take  the  place  of  timber  growing 
{17a) .  Therefore  all  but  an  insignificant  part  of  this  land  is  likely 
to  lie  practically  idle  unless  put  to  work  again  producing  wood. 
The  problem  of  unproductive  or  only  partially  productive  forest 
land  is  not  solving  itself.  Idle  land  is  a  liability  to  its  owner  and  a 
drag  on  the  prosperity  of  the  community.  How  to  keep  forest 
lands  productive  is  of  deep  concern  to  thousands  of  southern  pine- 
land owners.  It  is  of  vital  interest  to  scores  of  piney  woods  com- 
munities which  depend  for  their  prosperity  and  often  their  very 
existence  on  the  continued  operation  of  a  sawmill,  turpentine  still, 
or  some  other  forest  industry. 

Fire  protection  must  precede  and  accompany  all  other  measures  to 
restore  lands  to  productivity  or  keep  them  productive.  Close  cut- 
ting and  heavy  turpentining,  stripping  the  land  of  all  trees  big 
enough  to  bear  seed,  are  a  second  cause  of  barren  land.  The  reserva- 
tion of  seed  trees  on  all  areas  not  already  well  stocked  with  young 
growth  is  necessary  to  keep  the  land  productive.  Finally,  in  some 
localities,  grazing  by  hogs,  and  less  often  by  sheep  and  goats,  so 
seriously  interferes  with  young  pines  that  some  degree  of  protection 

''  '*  Denudwl  "  iind  "  not  rt'stockccl  "  together  comprise  the  area  elsewhere  referred  to 
ay   "  nonrestockcd." 
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against  it  is  essential.  These  three  measures — protection  against 
fire,  reservation  of  seed  trees,  and  (locally)  protection  against  live- 
stock— will  keep  the  great  bulk  of  southern  pinelands  from  becom- 
ing a  liability  to  owner  and  community  alike.  Only  the  10,000,000 
acres  stripped  of  seed  trees  will  remain  barren  indefinitely  unless 
planted  or  otherwise  artificially  reforested. 

FIRE  PROTECTION 

In  the  South,  as  in  every  other  forested  region  of  the  world,  con- 
trol of  fire  is  absolutely  essential  to  the  successful  growing  of  timber 
crops.  Fires  are  the  overwhelmingly  important  cause  of  the  com- 
plete idleness  of  18,650,000  acres  of  southern  pineland,  and  of  the 
partial  idleness  of  at  least  70,000,000  acres  more. 

NECESSITY   FOR   FIRE  PROTECTION 

Fires  in  Virgin  Timber 

Except  for  an  occasional  tract  where  hurricanes,  very  severe  in- 
sect attack,  or  an  unusually  destructive  summer  fire  wiped  out  the 
old  forest  and  made  way  for  a  new  crop  of  trees  all  of  one  age,  it 
is  altogether  probable  that  the  virgin  forests  of  southern  pine  were 
many-aged.  That  is,  on  any  acre,  or  certainly  on  any  10  acres, 
pines  were  of  all  ages,  and  therefore  of  all  sizes  from  seedlings  to 
mature  trees.  The  space  occupied  by  the  roots,  and  overshadowed  by 
the  crown,  of  a  single  mature  tree  was  on  its  death  filled  by  a  large 
number  of  seedlings.  As  these  seedlings  developed  into  saplings, 
and  the  saplings  into  mature  trees,  competition  for  light  and  mois- 
ture constantly  reduced  their  numbers.  Hence  it  is  believed  that 
throughout  the  original  pine  forests  of  the  South  there  was  typically 
a  greater  number  of  trees  in  any  given  diameter  class  than  in  the 
next  larger  class. 

This  typical  distribution  of  trees  according  to  diameter  class  in 
two  large  tracts  is  shown  graphically  in  Figure  3,  A  and  B.  Tract 
A  contained  over  100,000  acres,  oi  which  a  1,745-acre  sample  is 
represented  in  the  diagram  {^6) ;  tract  B  contained  15,000  acres, 
of  which  a  T57-acre  sample  is  shown  (8) .  From  a  little  over  1  tree 
to  the  acre  in  the  15  to  20  inch  classes,  the  number  of  trees  in  a 
diameter  class  in  tract  A  rose  steadily  to  14  in  the  2-inch  class.  In 
tract  B  the  rise  from  1  in  the  22-inch  class  to  7  in  the  2-inch  class 
tvas  somewhat  less  regular.  The  general  upward  trend  in  number 
of  trees  from  the  large  diameters  to  the  small  is  nevertheless  plainly 
evident  in  both  tracts. 

Fires  in  the  original  pine  forests  were  apparently  very  largely 
confined  to  those  set  by  lightning.  Many  trees  were  struck,  then  as 
now,  but  most  of  the  resultant  fires  were  extinguished  by  the  heavy 
rains  which  normally  accompany  lightning  in  the  South.  Fires  were 
perhaps  occasionally  set  by  the  Indians  for  special  purposes,  such 
as  fostering  a  new  growth  of  grass  and  thereby  attracting  game  to 
restricted  areas  where  it  might  be  more  readily  shot.  If  so,  in  the 
Indians'  sparing  use  of  fire  probably  originated  a  restricted  burning 
by  the  white  owner  of  livestock,  which  later  grew  into  uncontrolled 
and  wholesale  use  of  fire  in  the  piney  woods.  From  the  evidence  at 
hand,  it  is  impossible  to  believe  that  the  pine  forest  could  have  re- 
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DIAMETER   BREAST  HIGH-INCHES 

FiGUBE  3. — Fire  loaves  its  mark  on  the  virgin  forest.  Normally,  as 
in  tracts  A  and  B,  there  are  more  small  trees  than  large,  but  in 
tracts  C,  D,  and  E  there  are  fewer  trees  of  the  smallest  sizes  than 
of  the  sizes  just  above  them.  More  frequent  fires  account  for  the 
difference 
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newed  itself  year  after  year  during  the  centuries-long  occupancy  of 
it  by  the  Indians,  had  the  red  man  practiced  burning  as  regularly 
as  his  successor.  Most  virgin  forests  of  the  twentieth  century,  until 
very  recently  swept  with  ever-increasing  frequency  by  the  white 
man's  fires,  are  no  longer  all-aged,  but  are  fast  becoming  old-aged. 
Proof  of  this  may  be  found  in  Figure  3,  C,  D,  and  E,  and  in 
Figure  4. 

For  many  years  the  rocky  Ouachita  Mountains  of  central  Arkansas 
have  been  burned  nearly  as  regularly  as  the  longleaf  pine  lands  of  the 
coastal  plain.  Figure  3,  C  represents  the  stand  on  about  115,000 
acres  in  the  Ouachita  National  Forest.  Although  there  are  some 
irregularities,  no  doubt  due  to  the  methods  used  in  tallying  trees  on 
the  5  per  cent  cruise,  it  is  evident  that  the  number  of  trees  to  the 
diameter  class  increases  from  the  32-inch  to  the  10-inch  class,  and 
then  drops  off  markedly.  Fire  is  responsible  for  this  progressive 
decrease  in  the  number  of  trees  below  10  inches;  no  other  known 
agency  over  a  long  period  of  time  destroys  the  younger  trees  in 
such  great  numbers.  Should  these  tracts  continue  to  burn  as  regu- 
larly as  they  have  in  the  past  it  is  plain  that  the  number  of  trees 
w^ould  constantly  decrease,  because  there  would  not  be  a  succession  of 
small  trees  to  replace  the  veterans  that  are  bound  to  die.  Fire  would 
slowly  but  surely  wipe  out  the  forest.  Fire  protection  as  now  estab- 
lished on  the  national  forests  will  halt  this  process.. 

The  remaining  diagrams  in  Figure  3  represent  tracts  of  loblolly 
pine  in  bottom-land  mixture  with  both  other  pines  and  hardwoods. 
The  Alabama  sample  consists  of  226  acres  out  of  about  3,000  (27) ; 
the  Arkansas  sample  is  nearly  three  times  as  large.  Both  tracts 
show  abnormally  few  trees  smaller  than  3  inches  in  diameter,  but 
these  are  in  markedly  better  condition  than  the  shortleaf  pine  of  the 
Ouachita  Mountains.  This  accords  with  the  generally  observed 
fact  that  loblolly  bottom  lands  (commonly  called  "  hammocks ") 
are  less  often  burned  than  the  uplands. 

It  is  in  the  longleaf  pine  belt  that  repeated  fires  have  most  seriously 
threatened  to  destroy  the  original  pine  forests  of  the  South.  Four 
localities,  in  five  States,  are  represented  by  the  samples  graphically 
shown  in  Figure  4.  The  samples  vary  in  size  from  124  to  2,651  acres, 
and  the  tracts  sampled  are  about  20  times  as  large  (^7,  ^9),  On 
every  tract  there  is  a  diameter  below  which  the  number  of  trees  per 
inch-class  drops  off,  instead  of  increasing  as  it  normally  should. 
This  diameter  in  A  and  B  is  4  inches  or  less,  but  in  C  and  D  it  is  as 
high  as  14  inches.  Without  enough  young  trees  coming  constantly 
along  to  replace  the  mature  trees  that  die,  such  forests  are  on  the 
highroad  to  final  extinction.® 

As  a  further  illustration  of  the  extent  to  which  damage  from  fire 
(on  longleaf  land  probably  from  hogs  also)  has  kept  down  the 
productivity  of  virgin  or  lightly  culled  land,  two  brief  studies  made 
by  the  Southern  Forest  Experiment  Station  may  be  cited.  More 
than  2  miles  of  strip  survey  were  run  through  typical  pure  stands  of 
virgin  shortleaf  pine  in  west-central  Arkansas.     At  the  end  of  each 

**ThIs  la  not  Intended  In  any  sense  ns  Q  crltlolam  of  the  flre-protectlve  opjrnnizntlon  of 
the  States  named.  Most  of  the  trac'ts  wero  examined  years  before  those  urbanizations 
bejran  to  function,  and  all  wero  exauiiued  before  their  efforts  could  have  given  young 
growth  u  chance  to  develop. 
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Figure  4. — The  fiery  path  of  destruction.  Generations  of  the 
white  man's  fires  liave  prevented  young  trees  from  developing 
to  talce  the  place  of  the  old  in  virgin  longleaf  forests.  Another 
century  or  two  of  repeated  turning  would  wipe  out  the  forest 
altogether 
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chain  the  investigators  carefully  estimated,  for  the  square  tenth-acre 
which  they  had  just  run,  the  percentage  of  the  area  which  was  grow- 
ing trees  at  full  capacity.  Full  capacity  was  not  judged  in  terms  of 
mature  or  merchantable  trees  only ;  as  long  as  the  ground  was  covered 
by  pines  of  any  size  in  sufficient  numbers  to  develop  into  a  satis- 
factory stand  the  unit  was  considered  to  be  growing  to  capacity. 
Occasional  small  patches  of  land  in  the  immediate  vicinity,  obviously 
growing  all  the  trees  which  they  were  capable  of  supporting,  were 
the  standard  for  judgment. 

The  entire  area  was  thus  found  to  be  growing  trees  at  only  53  per 
cent  of  its  capacity;  more  than  a  fourth  of  the  tenth  acres  were 
growing  30  per  cent  of  their  capacity  or  less,  and  less  than  a  fifth 
80  per  cent  or  more.  A  smaller  area  of  longleaf  pine  land  in  southern 
Alabama  was  similarly  examined.  The  tract  had  been  cut  over  to  a 
16-inch  stump  limit  about  22  years  before.  The  average  unit  was 
found  to  be  working  to  only  30  per  cent  of  its  capacity,  and  only  a 
sixth  of  the  units  at  half  capacity  or  better.  On  both  these  areas 
abundance  of  seed  had  obviously  been  produced  for  years;  unmis- 
takable evidence  of  many  fires  was  the  key  to  the  half  utilization  or 
less  of  these  forest  lands  by  the  timber  crop  now  on  them.  There 
is  no  reason  to  believe  them  exceptional. 

Fires  in  virgin  timber  destrov  not  only  the  young  grovsiih  on  which 
depends  the  normal  renewal  of  the  forest,  but  also  the  mature  trees. 
Many  veterans  that  would  otherwise  have  remained  sound  for  years 
are  eaten  into  by  repeated  fires  (pi.  4,  A)  and,  weakened  by  rotting 
fungi  and  boring  insects,  to  which  they  are  thus  exposed,  drop  out  of 
the  stand  during  heavj  winds.  In  a  typical  virgin  longleaf  pine 
stand  in  central  Louisiana  (16)  the  loss  in  burned-down  trees  over 
a  period  of  three  years  amounted  to  3.5  per  cent  of  the  volume  of  the 
stand.  A  study  by  the  Southern  Forest  Experiment  Station  (15) 
of  typical  virgin  pine  stands  in  Texas,  Louisiana,  Arkansas,  and 
Mississippi  showed  that  among  10-inch  trees  12  per  cent  of  all 
shortleaf  and  20  per  cent  of  all  longleaf  trees  were  visibly  fire- 
scarred,  and  that  these  percentages  steadily  increased  with  the  size 
of  the  trees  to  more  than  50  per  cent  of  those  35  inches  in  diameter. 
A  greater  frequency  of  fires  in  longleaf  stands  accounts  for  the 
greater  damage  to  this  relatively  thick-barked  species. 

The  butt  logs  of  fire-scarred  trees  are  reduced  in  total  scale  and 
in  value  of  the  merchantable  material  remaining  in  them.  The  value 
of  the  lumber  obtained  from  218  fire-scarred  shortleaf  pine  logs  in 
Arkansas  was  compared  with  the  value  of  lumber  from  218  sound 
logs,  and  found  to  be  $10.20  less  per  thousand  feet,  gross  log  scale." 

Fires  in  Logqinq  Slash 

Cutting  of  either  virgin  or  second-growth  timber  leaves  the  land 
in  the  most  hazardous  possible  condition  except  that  produced  by  a 
hurricane  or  blow  down.  The  density  of  slash  or  tops  left  on  the 
ground  following  logging  of  course  varies  greatly  with  the  number 
of  trees  cut  and  the  closeness  of  utilization.     It  is  safe  to  say,  how- 

•Garvbr,  R.  D.,  and  Miller,  R.     utilization  op  shortleaf  pine  at   small  mills, 
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ever,  that  up  to  40  per  cent  of  the  ground  may  be  covered  by  slash  on 
clear-cut  areas  of  saw  timber  in  good  stand,  about  25  per  cent  repre- 
senting a  common  condition.  A  fire  burning  in  pine  tops  within 
two  years  of  logging  will  ordinarily  wipe  out  near-by  advance 
reproduction  and  may  destroy  grown  trees  as  well. 

An  excellent  second-growth  stand  of  mixed  shortleaf  and  loblolly 
pines  and  hardwoods  in  northern  Louisiana  was  cut  in  July  to  a 
stump  limit  of  about  12  inches.  A  September  fire  in  the  slash 
killed  all  standing  trees  below  4  inches  d.  b.  h.,  and  those  4  to  14 
inches  in  the  following  percentages :  Loblolly,  87 ;  shortleaf,  69 ;  and 
hardwoods,  67.  (PI.  3,  A.)  Another  early  fall  fire  in  slash  from  a 
heavy  virgin  stand  of  the  same  species  in  central  Louisiana  caused 
losses  in  the  remaining  stand  in  somewhat  different  proportions, 
namely :  50  per  cent  of  the  shortleaf,  25  per  cent  of  the  loblolly,  and 
31  per  cent  of  the  hardwoods. 

Within  from  six  months  to  two  years  after  logging  the  needles 
have  dropped  from  the  pine  tops  and  the  hazard  is  somewhat  re- 
duced, but  the  tops  continue  to  be  a  fire  menace  until  the  smaller 
branches  down  to  an  inch  or  more  in  diameter  have  rotted  and  the 
larger  branches  are  lying  close  to  the  ground.  Longleaf  pine  slash 
will  add  materially  to  the  ordinary  hazard  for  five  to  eight  years 
following  logging  of  virgin  timber,  and  the  slash  of  the  other  pines 
for  three  to  five  years.  (PL  4,  B.)  The  tops  of  second-growth 
trees  have  little  heartwood,  and  their  slash,  though  temporarily  very 
dangerous,  rots  within  two  or  three  years.  Since  about  1,350,000 
acres  of  virgin  pine  are  annually  cut  over  in  the  South,  and  3,600,000 
acres  of  second  growth,  it  is  probable  that  between  14,000,000  and 
17,000,000  acres  of  pineland  would  at  any  one  time  be  in  a  condition 
of  special  fire  hazard  if  the  slash  on  all  areas  were  left  to  rot. 

Fires  in  Cut-over  Land 

The  18,650,000  acres  of  cut-over  southern  pineland  which  has 
already  been  referred  to  as  possibly  productive  but  at  present  com- 
pletely idle  is  believed  to  have  enough  seed  trees  to  insure  a  satis- 
factory stand  of  seedlings  if  fires  are  kept  out;  but  under  present 
conditions  this  vast  acreage  does  not  bear  even  the  beginnings  of  a 
crop  of  pine. 

The  same  abundant  rainfall  and  long  growing  season  which  enable 
the  southern  pines  to  produce  wood  at  an  astonishing  rate  foster  a 
luxuriant  growth  of  grass,  herbs,  and  sometimes  brush  on  cut-over 
land.  When  this  vegetation  is  frosted,  or  when  it  becomes  dry 
through  prolonged  drought,  it  makes  a  fire  hot  enough  to  destroy 
not  only  newly  fallen  pine  seed,  but  pine  seedlings  and  saplings  of 
considerable  size.  Portions  of  every  tract  of  course  escape  burning, 
even  in  a  fire  which  appears  to  make  a  clean  sweep,  and  this  may 
allow  the  establishment  in  spots  of  a  fair  stand  of  longleaf  seedlings 
under  practically  yearly  burning ;  escape  of  longleaf  land  from  burn- 
ing during  the  year  following  a  good  mast  may  permit  excellent 
restocking  to  take  place.  But  anything  approaching  annual  fires  in 
shortleaf,  loblolly,  or  slash  pine  cut-over  land  will  kill  a  great 
majority  of  all  seedlings  before  they  have  reached  5  years  of  age. 

The  effect  of  fire  on  longleaf  pine  seedlings  in  cut -over  lands 
over  a  period  of  years  has  been  studied  by  the  Southern  Forest 
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Experiment  Station  at  several  points.  Amonf^  them  is  a  tract  at 
McNeill,  Miss.,  where  E.  W.  Hadley  found  that  56  per  cent  of  the 
see(llin<j^s  survived  after  two  years  in  a  grazed  pasture  annually 
burned,  as  contrasted  with  75  per  cent  in  a  similar  unburned  pasture. 
The  first  fire  occurred  when  the  seedlings  were  but  2  or  8  months  old 
and  the  second  about  a  year  later.  Since  in  an  adjacent  area  which 
had  not  been  grazed  the  fire  loss  amounted  to  82  per  cent,  the  56 

Cer  cent  survival  in  spite  of  burning  may  be  laid  to  chance  reduction, 
y  grazing,  of  the  luel  about  some  of  the  seedlings.  The  experi- 
mental tract  is  representative  of  a  large  acreage  of  longleaf  lands 
cut  over  early  in  this  century.  About  one-tenth  of  the  pine  area  is 
occupied  by  seed  trees  left  in  the  original  cutting,  about  one-fourth 
by  a  fair  growth  of  longleaf  seedlings,  and  the  balance  is  open 
land. 

At  Urania,  La.,  longleaf  seedlings  on  a  small  plot  free  of  all  older 
growth  were  first  subjected  to  fire  when  about  14  months  old.  None 
were  killed  by  this  or  four  successive  winter  fires,  and  the  loss  in  a 
second  series  of  five  fires  was  no  greater  than  that  from  natural 
causes,  including  disease,  in  an  adjacent  unburned  plot.  But  at  the 
end  of  the  10  years  of  repeated  burning  the  leading  seedlings  on  the 
burned  plot  were  only  about  one-third  as  tall  as  those  on  the  un- 
burned, and  their  measurable  volume  of  wood  one-thirtieth  as 
great  (20).  The  tenacity  with  which  these  longleaf  pine  saplings 
clung  to  life  under  the  abuse  of  repeated  fires  is  illustrated  in 
Plate  4,  C. 

It  should  be  clearly  understood  that  very  much  greater  losses 
will  result  from  fires  running  in  cut-over  longleaf  lands  during  the 
season  of  active  plant  growth.  For  example,  a  summer  fire  which 
swept  a  tract  at  Urania,  La.,  very  similar  to  that  just  described, 
killed  87  per  cent  of  the  longleaf  seedlings  0.5  to  4  feet  high,  and  38 
per  cent  of  those  4  to  15  feet  high.  Those  below  0.5  foot  largely 
survived,  as  is  commonly  the  case.  The  heavy  damage  was  due  in 
part  to  the  fact  that  this  fire  was  burning  over  land  kept  "  rough  "  ^^ 
for  nine  years.  But  a  winter  fire  in  a  similar  rough  at  Urania  killed 
only  51  and  10  per  cent,  respectively,  of  the  seedlings  0.5  to  4  feet 
tall,  and  4  to  15  feet  tall. 

The  effect  of  repeated  fires  in  cut-over  shortleaf  pine  land  is  illus- 
trated by  a  tract  in  Oklahoma.  The  tally  of  a  typical  acre  a  year 
after  the  last  fire  showed  that  there  were  present  among  a  very  large 
number  of  hardwood  sprouts,  700  sprouts  of  shortleaf,  on  an  average 
about  a  foot  and  a  halt  tall,  and  no  seedlings  whatever.  Pines  more 
than  4  feet  tall  and  up  to  6  inches  in  diameter  at  breast  height  were 
totally  lacking.  Evidently  fires  had  been  killing  back  the  short- 
leaf  seedlings  as  fast  as  they  appeared  on  the  area,  and  at  the  same 
time  greatly  encouragin":  the  multiplication  of  the  hardwood  spiY)uts. 
Were  fires  henceforth  Kept  out  of  this  land  the  shortleaf,  which 
greatly  outnumbered  and  completely  dominated  the  hardwoods  in 
the  original  stand,  would  have  to  contend  with  about  three  times 
their  number  of  hardwood  sprouts.  On  another  tract  in  the  same 
locality  the  fires  were  for  some  reason — possibly   the   presence   in 

1" "  RouRh  "  is  a  word  usod  imivcrsiilly  hi  the  fur  South  to  mean  "  unburucd."  The 
aumc  Avord  aa  a  noun  indicales  au  uuburmU  ttica. 
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PLATE  4 


F207875       F203363       F 194875 

A,  Fire  i)roto('tioii  would  have  l)t'i>n  cIkviiht  lioro.  Stumpam*  onotmh  to  pay  for  a  yoar"s  proUTtion 
of  100  acres  is  about  to  rot,  or  ho  burnt  up  in  succoodinK  (in\s.  This  is  a  mrt  of  tho  lonnloaf  stjuid 
roprosontod  hy  Kinuro  4,  I);  H,  still  a  nionaco  after  four  years,  this  shortleaf  top  in  an  Oklahoma 
cuttiiik'  would  add  to  the  heat  of  anew  Hre.  Note  also  that  there  are  no  pine  swdlniRs  in  it,  although 
just  beyond  the  niiui  they  number  over  »,0()()  to  tlie  acre.  Netniless  to  say,  there  have  bwn  no  fires 
siiic(>  lo^niii^;;  (\  survivors  of  10  fires.  These  l()n^;leaf  saplings  have  survivinl  10  winter  {\rvs  experi- 
mentally set  to  test  their  resistance,  but  the  nieiusurable  volume  of  wood  produce<l  is  less  than 
one-thirtieth  of  the  wood  Rrown  in  an  adjacent  unburned  stand  of  the  same  age.  I'rania  (La.) 
branch,  Southern  Forest  K.xperiment  iStation. 
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PLATE  6 
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A,  Why  burniii}?  of  lurnciitiiio  orchards  is  not  always  otToctive.  A  month  after  this  orehanl 
burnod,  onoiinh  straw,  killiMi  by  fire,  had  fallen  around  the  raked  face  to  olTset  the  rakinjj.  Note 
the  excellent  installation  of  cup  and  apron;  H,  the  toll  of  heaN-j'  chippinj;  and  subsoiiuont  fires. 
A  t  least  28  i)er  cent  of  the  turpentined  trees  in  this  abandoned  Florida  orchard  have  died  or  been 
broken  oil  by  the  wind.    Table  8  gives  the  details. 
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PLATE  7 


F208996  F209209 

TURPENTINED   FACES   FULLY    HEALED   IN    13  TO    15   YEARS 

Healed  faces  on  (A)  a  longleaf  pine  and  (B)  a  slash  pine.   Fire  has  been  kept  out  of  these  abandoned 
orchards  in  Georgia  and  Florida  for  at  least  15  to  25  years. 


Tech.  Bui.  204.  U.  S.  Dept.  of  Agriculture 


Plate  8 


A,  An  unjustifUible  sacrince.  As  a  protection  against  awidental  fires  at  a  dangerous  season  this 
entire  turpentine  orchard  was  burnt  on  a  calm  winter  day.  Yet  the  number  of  faces  thus  pro- 
tected wius  only  12  to  the  averaf?e  acre,  and  on  some  acres  dropiH>d  to  2.  After  10()  years  of  buni- 
iiiK  this  culled  land  in  west  Florida  is  rapidly  approaching  a  desert.  No  type  of  land  is  more  in 
need  of  fire  protection  thim  such  deep  sands;  B,  no  green  tree  has  ever  been  cut  here.  This 
virgin  staiid  of  longlcuf  pine  in  Florida  has  been  destroyed  by  turi)entimng  and  fires  alone. 
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places  of  unconsumed  slash — more  spotted,  but  usually  severe 
enough  where  they  did  burn  to  kill  the  shortleaf  outright.  Here 
fibout  200  pines  per  acre  between  1  foot  in  height  and  6  inches  in 
diameter  had  survived — a  mere  remnant  of  a  full  stand. 

IjobJolly  pine,  because  it  lacks  the  shortleaf's  ability  to  sprout,  is 
more  often  wiped  out  by  fires  when  in  the  seedling  and  small-sapling 
stage.  Slash  pine,  on  the  other  hand,  is  somewhat  more  resistant 
than  shortleaf,  but  cut-over  land  can  reproduce  to  none  of  these 
species  unless  fires  are  kept  out. 

What  has  been  said  in  the  foregoing  paragraphs  about  fire  in 
cut-over  lands  of  course  applies  also  to  old  fields  just  reseeding  to 
pine. 

Fires  in  Second-Growth  Stands 

The  vigorous  trees  more  than  5  feet  in  height  in  sapling  longleaf 
stands,  and  more  than  10  feet  high  in  such  stands  of  the  other  chief 
pines,  are  not  generally  killed  by  occasional  winter  fires.  This  is 
because  their  bark  near  the  ground  has  become  a  quarter  to  half  an 
inch  thick  and  because  only  the  surface  laj^er  of  fallen  pine  straw, 
or  leaf  litter,  is  usually  consumed  by  such  a  fire.  The  lower  layer 
is  damp  and  remains  unburned.  Nevertheless,  such  stands  if  burned 
at  all  frequently  are  certainly  retarded  in  their  growth  (i-^). 
Their  foliage  is  killed  (pi.  3,  B),  and  the  valuable  mulch  of  fallen 
pine  straw  is  on  the  average  much  shallower  than  on  unburned  land. 
"  Cat  faces,"  or  wounds  on  trees  at  the  base,  which  are  common  on 
large  trees  in  the  virgin  forest,  are  less  frequent  in  second-growth 
stands. '  Nevertheless  cat-facing  does  occur  in  second-growth  stands, 
although  there  may  be  no  outward  sign  of  the  injury  for  years  after 
the  fire.     The  seriousness  of  such  wounds  is  illustrated  in  Plate  5. 

A  fire  is  sometimes  hot  enough  to  run  through  the  crowns  of 
young  pine  in  dense  stands,  and  is  then  very  destructive.  Also, 
fire  during  the  spring  or  summer  always  damages  and  in  extreme 
instances  may  even  totally  destroy  stands  of  well-grown  southern 
pine  of  any  species.  The  effect  of  such  fires  is  variable,  because  con- 
ditions are  never  quite  the  same.  There  is  evidence  that  the  season 
of  burning  and  general  weather  conditions  have  much  more  to  do 
with  the  severity  of  damage  than  has  the  density  of  inflammable 
material  on  the  ground.  Several  years'  accumulation  of  litter — 
pine  straw,  hardw^ood  leaves,  dead  grass,  fallen  bark  and  branches, 
and  similar  material — beneath  a  heavy  stand  of  timber,  may  add  to 
the  severity  of  a  fire.  This,  however,  does  not  justify  the  practice 
sometimes  advocated  of  removing  this  accumulation  by  periodic 
burning,  for  this  accumulation  does  not  normally  exceed  about  4 
inches,  even  in  stands  which  have  been  kept  rough  for  years ;  after 
about  the  third  or  fourth  season  rot  and  oxidation  of  the  litter  keep 
pace  with  its  accumulation.  Very  rarely  does  the  litter  beneath  a 
southern  pine  forest  reach  a  depth  of  6  to  8  inches.  Moreover,  the 
entire  layer  of  inflammable  material  dries  out  completely  only  during 
a  prolonged  drought,  and  if  the  surface  layer  alone  burns  the  fire  is 
not  very  hot.  The  point  to  be  emphasized  is  that  whether  the  woods 
are  rough  or  otherwise,  a  fire  during  the  growing  season  is  likely  to 
cause  serious  loss  even  in  saw -timber  stands. 
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Fire  in  a  turpentine  wood  will  often  result  in  very  heavy  loss. 
As  long  as  the  trees  are  being  worked  it  is  the  practice  every  winter  to 
rake  away  the  accumulated  pine  straw,  chips,  spilled  gum,  etc.,  from 
the  base  of  the  chipped  trees,  and  to  burn  the  orchard  on  a  damp, 
calm  day.  Although  this  reduces  the  amount  of  inflammable  material 
to  some  extent,  and  keeps  any  later  fires  away  from  the  faces  in  most 
instances,  it  by  no  means  makes  the  orchard  fireproof.  Raking  and 
bufning  are  often  done  before  the  straw  has  ceased  its  normal  lata- 
winter  fall,  and  the  burning  itself  will  sometimes  cause  a  subsequent 
fall  (pi.  6,  A)  that  very  promptly  restores  the  risk  of  fire  in  large 
measure.  As  the  season  progresses,  chips,  spilled  gum,  and  fallen 
scrape  constantly  add  to  the  fuel  at  the  base  of  the  trees.  When, 
therefore,  a  fire  gets  started  during  a  mid-season  drought  it  is  readily 
carried  across  the  raked  ground  to  the  resin-covered  face.  The  aver- 
age loss  in  labor,  gum,  and  equipment  (both  cup  and  gutter  are  gen- 
erally warped  or  otherwise  injured  beyond  further  use)  is  about  15 
cents  to  the  face,  and  from  5  to  20  per  cent  of  the  faces  must  be 
abandoned,  at  least  for  the  season,  entailing  a  further  heavy  loss. 
Many  other  faces  dry  out  somewhat  and  fall  off  in  yield.  Further- 
more every  burned  face  that  contributes  to  a  dip  lowers  the  grade 
of  rosin  obtained. 

The  greatest  damage  to  the  tree  itself  occurs,  however,  after  work 
has  been  abandoned  and  the  unraked  face  is  exposed  to  fires.  The 
pitchy  surface  kindles  readily,  and  in  a  very  few  years  the  tree  is 
either  killed  outright  as  it  stands  or  is  so  weakened  by  rot  or  a  very 
destructive  boring  insect  as  to  blow  down.  The  damage,  of  course, 
varies  from  tract  to  tract,  and  depends  on  the  number  of  fires  since 
the  operation  was  concluded.  On  two  typical  areas  in  south  Georgia 
and  north  Florida  15  to  33  per  cent  of  all  chipped  trees  were  found 
to  have  died.  (PI.  6,  B.)  These  percentages  are  undoubtedly  con- 
servative, since  down  trees  soon  rot  or  disappear  in  successive  fires, 
and  can  not  be  counted.  How  many  of  the  trees  would  have  died  as 
a  result  of  the  chipping  alone  it  is  impossible  to  tell,  but  it  is  signifi- 
cant that  in  two  oi  the  very  rare  instances  where  fire  was  excluded 
from  an  orchard  for  some  years  before  chipping,  as  well  as  for  the 
12  to  16  years  since  chipping,  healing  of  the  faces  has  progressed 
rapidly  (pi,  7),  and  only  an  occasional  down  tree  is  to  be  found. 

A  Standard  of  Fire  Control 

From  the  preceding  pages  it  should  be  clear  that  although  the 
degree  of  damage  from  fire  suffered  by  pine  stands  of  various  species 
and  ages  and  under  various  conditions  may  vary  from  complete 
destruction  to  mere  stunting  of  growth,  injury  is  never  absent,  and 
that  in  the  face  of  repeated  fires  the  forest  can  not  renew  itself.  If 
southern  pinelands  are  to  be  kept  even  reasonably  productive  they 
must  be  protected  against  fire  during  critical  seasons  and  also 
during  critical  periods  of  several  years  in  the  development  of  the 
forest. 

Any  extensive  tract  of  forest  land' in  the  South  will  always  include 
some  land  that  would  suffer  severely  if  burned,  and  this  is  true  even 
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of  many  tracts  as  small  as  a  farm  woodland.  But  it  will  be  practi- 
cally impossible  to  give  such  land  the  protection  it  requires  if  neigh- 
boring areas  less  in  need  of  protection  are  allowed  to  burn.  Fires 
starting  in  mature  timber  sooner  or  later  will  endanger  seedlings 
and  saplings;  or  the  smoke  of  burning  turpentine  woods  will  put 
fire  lookouts  out  of  commission  or  make  effective  patrol  impossible 
in  adjacent  young  growth.  In  other  words,  thorough-going  protec- 
tion is  necessary  for  all  classes  of  land.  This  does  not  mean,  of 
course,  that  special  protection  should  not  be  given  certain  classes  that 
are  susceptible  to  very  severe  damage;  quite  the  contrary.  If 
southern  pineland  in  general  is  to  be  kept  productive,  it  is  believed 
that  the  proportion  burned  over  yearly  must  be  reduced  to  3  per  cent. 
If  this  is  done,  then  by  special  protective  measures  it  should  be 
possible  to  keep  the  average  loss  to  1  per  cent  in  turpentine  woods, 
slash-covered  areas,  and  young  growth  generally. 

It  is  impossible  to  offer  rigid  proof  that  these  or  any  other  percent- 
ages are  a  necessary  standard  to  set.  It  can  only  be  said  that  they 
have  been  generally  accepted  as  fair  by  the  men  in  charge  of  forest- 
fire  protection  in  the  several  Southern  States,  and  that  they  are  far 
below  the  standards  commonly  accepted  in  other  forest  regions. 
In  judging  them  it  is  worth  noting  that  during  1927,  according  to 
figures  complied  by  E.  L.  Demmon  from  State  foresters'  and  other 
reports,  exactly  3  per  cent  of  the  51,591,000  acres  then  under  organ- 
ized protection  in  11  States  was  burned  over.  These  figures  include 
some  land  outside  the  southern  pine  belt.  Owing  no  doubt  in  part 
to  varying  degrees  of  protection  given  these  lands,  the  percentage 
burned  over  covered  a  range  of  0.3  to  10,  but  7  of  the  11  States  had 
kept  the  losses  in  their  protected  areas  to  3  per  cent  or  less. 

If  the  average  area  burned  over  yearly  is  as  high  as  3  per  cent,  in 
bad  years  this  percentage  is  likely  to  be  doubled,  trebled,  or  quad- 
rupled. Moreover,  even  though  the  average  for  an  entire  tract  is 
kept  as  low  as  3  per  cent,  some  of  the  land  is  certain  to  burn  very 
much  oftener  than  once  in  33  years.  For  example,  if  fire  is  success- 
fully kept  out  of  all  stands  of  young  trees,  say,  for  the  first  10  to  15 
years  following  cutting  of  the  old  stand  and  the  establishment  of  a 
new  growth,  the  remaining  stands,  including  perhaps  two-thirds  of 
the  area,  may  suffer  a  loss  of  4.5  per  cent  yearly  without  the  average 
for  the  entire  tract  exceeding  3  per  cent. 

In  order  to  keep  the  average  yearly  loss  in  southern  pinelands  gen- 
erally to  the  figure  given,  it  will  probably  be  necessary  to  establish 
what  is  known  as  "  1-hour  control."  ^^  This  standard  is,  of  course, 
generalized;  since  fire  ordinarily  spreads  more  rapidly  in  longleaf 
land  than  in  shortleaf,  fires  should  be  reached  more  promptly  in  the 
former.  Also  in  turpentine  woods,  on  areas  covered  by  slash  or 
tops,  and  on  areas  of  young  growth  below  the  age  of  fair  resistance  to 
winter  fires,  it  will  be  necessary  to  better  this  whenever  possible,  and 
to  take  additional  measures  to  reduce  the  hazard  or  facilitate  fire 
fighting. 

11  By  1-hour  control  is  meant  the  organization  of  fire-protective  systems  in  such  a 
manner  that  a  fire  will  ordinarily  be  reached  within  one  hour  after  it  starts  by  a  force 
of  men  adequate  to  control  it. 
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THE  ESSENTIAL  STEPS  IN   FIRE  PROTECTION 

Forest-fire  protection  of  private  lands  in  other  parts  of  the  United 
States  has  always  been  most  effective  when  handled  through  a  com- 
bination of  public  and  private  effort.  There  is  no  reason  why  the 
southern  pine  region  should  prove  an  exception. 

Since  the  protection  against  fire  of  any  areas  in  the  coastal  plain 
of  the  South  is  a  development  of  recent  years,  and  since  up  to  this 
time  funds  for  thorough-going  protection  have  not  been  available 
in  more  than  a  few  localities  in  the  piney  woods,  no  final  specifica- 
tions can  be  drawn  for  a  fire-protective  system  capable  of  reaching 
the  standards  set  up.  Inasmuch  as  local  circumstances  always  re- 
quire the  modification  of  a  generalized  system  in  any  forest  region, 
all  the  more  promising  known  alternatives  in  the  way  of  fire  organ- 
ization are  mentioned  below.  Again,  although  for  the  sake  of 
clarity  the  obligations  of  the  public  and  the  pai't  necessarily  played 
by  the  private  individual  are  listed  under  separate  heads,  no  hard 
and  fast  rule  can  be  drawn  as  between  public  and  private  endeavor. 

The  Public's  Obligations 

Every  southern  State  that  expects  its  citizens  to  keep  their  timber- 
lands  productive  should  (1)  furnish  at  least  a  skeleton  system  of 
state-wide  fire  protection;  (2)  should  educate  the  public  in  the  seri- 
ousness of  the  fire  problem  and  the  need  for  care  with  fire  in  the 
woods;  (3)  should  enact  laws  penalizing  unlawful  use  of  fire  and 
provide  for  their  efficient  administration;  and  (4)  should  eliminate 
special  fire  hazards. 

State  Fire  Organization 

Experience  has  shown  that  at  the  head  of  any  State  fire-protective 
organization  there  should  be  a  State  forester  or  a  State  firewarden 
experienced  in  organizing  and  directing  the  work  of  others,  trained 
in  appraising  the  physical  resources  and  risks  represented  by  vari- 
ous classes  of  timl)er  and  types  of  forest,  capable  of  educating  the 
public,  and  unhampered  by  political  pressure  or  other  considerations 
outside  of  the  necessities  of  his  job. 

The  first  step  in  localizing  the  fire-protective  system  of  the  State 
will  ordinarily  be  the  assignment  of  a  division  forester  or  division 
firewarden,  employed  yearlong,  to  each  unit  of  about  2,000,000  acres 
of  forest  land.  These  men  should  take  a  leading  part  in  the  work 
of  public  education  and  should  direct  and  coordinate  the  work  of 
the  rangers,  lookouts,  firewardens,  and  patrolmen,  who  are  specifi- 
cally engaged  in  the  vital  business  of  detecting  and  suppressing  fires. 
Since  the  territory  covered  by  each  will  comprise  from  four  to  a 
dozen  counties,  these  men  must  possess  most  and  preferably  all  of 
the  qualifications  of  the  State  firewarden  himself. 

The  second  step  in  localizing  the  State  system  is  the  separation 
of  each  division  (2,000,000  acres)  into  about  10  ranger  districts, 
each  in  charge  of  a  ranger  ^^  employed  by  the  month  during  and  a 

"Tlip  dutios  and  period  of  omployirn-nt  of  those  offlpors  should  not  he  confused  with 
those  of  u  ranker  on  a  national  forest.  No  exa<*t  parallel  In  terminology  is  posslhle  as 
h(>t.ween  a  State  lire  nrotertlve  orK.'iiilzatlon,  such  as  here  described,  and  the  administra- 
tive organization  of  toe  national  forests.' 
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little  before  the  fire  season,  or  from  six  to  eight  months,  depending 
on  weather  conditions.  The  qualifications  of  these  men  include  in- 
timate knowledge  of  the  country  in  which  they  are  employed,  and 
of  its  inhabitants,  combined  with  acknowledged  leadership  or  at 
least  full  respect  in  these  communities.  Their  work  consists  in 
planning  and  administering,  under  the  general  direction  of  the  divi- 
sion foresters,  the  local  system  of  fire  detection  and  suppression. 
They  should  take  charge  of  fire  fighting  on  serious  fires  and  assist, 
chiefly  by  personal  contact,  in  educating  the  public. 

The  local  system  of  fire  protection  will  ordinarily  include  look- 
outs in  towers  or  on  hilltops,  to  detect  promptly  every  fire  occurring 
in  the  surrounding  territory,  and  resident  firewardens,  to  whom  the 
lookouts  report  by  telephone  all  fires  as  soon  as  seen,  and  on  whom 
rests  the  burden  of  actual  fire  fighting.  The  employment  of  "  smoke 
chasers,"  or  one  or  more  extra  men  constantly  at  the  fire  towers  and 
available  to  go  at  once  to  a  fire  as  soon  as  it  is  seen,  sometimes  has 
advantages.  An  alternative  to  the  tower  method  of  detection  is  a 
system  of  intensive  patrol,  under  which  the  same  man  is  responsible 
both  for  the  discovery  and  the  fighting  of  fires  within  a  small 
territory. 

The  location  and  manning  of  lookouts,  the  hiring  of  smoke 
chasers,  the  selection  of  both  resident  wardens  and  patrolmen  at  the 
most  advantageous  points,  and  the  location  of  telephone  routes  are 
the  chief  business  of  the  rangers  in  advance  of  the  actual  fire  season.' 
Once  fires  have  become  frequent,  they  will  have  their  hands  full 
keeping  the  whole  organization  w^orking  as  a  unit,  and  taking  charge 
of  emergency  situations.  During  lulls  in  the  season,  and  as  far  as 
possible  at  all  times,  the  rangers  should  take  advantage  of  their 
constant  travel  throughout  the  territory  to  preach  the  doctrine  of 
fire  protection,  to  keep  close  watch  on  those  suspected  of  setting 
fires,  to  enlist  the  active  help  of  those  favoring  protection  and,  in 
general,  to  bring  the  fire  organization  into  direct  contact  with  the 
local  population.  As  the  w^ork  becomes  more  highly  organized  it 
may  be  desirable  to  have  located  at  each  ranger  s  headquarters  a 
central  dispatcher,  who,  whenever  a  lookout  reports  a  fire,  dispatches 
to  it  the  resident  warden  or  other  person  most  available  for  fighting 
the  flames.  Such  a  central  dispatcher  can  thus  relieve  the  ranger 
of  much  routine  work  and  leave  him  more  free  to  meet  emergencies. 

Fire  towers  and  lookouts  should  not  be  considered  as  anything 
more  than  a  means  of  detection.  That  is,  the  towermen  should  not 
be  expected  to  leave  their  towers  and  go  several  miles  to  a  fire,  since 
in  their  absence  far  more  serious  fires  may  go  unreported.  Fire 
towers  are  of  very  small  value  unless  connected  by  telephone  with 
the  men  whose  main  job  it  is  to  suppress  fires  after  they  have 
started.  One  hundred  and  twenty-five  thousand  acres  may  be  ob- 
served from  a  tower  oi  average  range  (about  8  miles)  in  the  com- 
paratively flat  coastal  plain.  Towers  closer  than  IG  miles  apart,  so 
that  the  same  fire  may  be  picked  up  by  two  of  them  and  hence 
readily  located  on  a  map,  are  of  course  an  advantage.  The  lookouts 
should  be  on  duty  during  all  periods  of  real  fire  danger,  or  five  to 
seven  months  in  most  years.  A  longer  period  of  service,  coupled  wdth 
the  employment  of  smoke  chasers,  may  prove  an  economy  if  local 
wardens  are  paid  for  more  than  their  actual  services  on  the  fire  line ; 
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that  is,  at  the  beginning  or  end  of  a  fire  season,  when  fires  are  com- 
paratively few,  a  lookout  and  one  or  two  smoke  chasers  may  cost 
less  than  several  local  wardens.  Since  fires  are  often  easier  to  see  at 
night  than  by  day,  a  night  lookout  is  sometimes  worth  his  cost. 

The  responsibility  of  the  State  may  under  unusual  conditions  end 
with  the  ranger  force,  or  with  the  lookouts.  Where  holdings  of  a 
private  landowner  are  large  and  compact  the  State  can  perhaps  turn 
over  to  him  the  erection  of  fire  towers,  and  the  employment  and 
direction  of  a  local  protective  force.  But  if  ownership  of  land  is 
divided,  or  if  the  holdings  of  the  large  owner  do  not  lie  in  a  com- 
pact body,  the  State  should  carry  on  this  work  at  the  landowner's 
expense.  Because  the  financial  obligation  for  local  effort  is  squarely 
on  the  individual  benefited,  further  discussion  of  the  local  protec- 
tive work  is  deferred  to  the  section  entitled  "  The  Landowner's 
Part." 

Education  of  the  Public 

A  very  large  proportion — probably  95  per  cent  or  more — of  the 
fires  occurring  in  the  southern  pine  region  are  man-caused.  The 
custom  of  burning  the  piney  woods  has  already  been  described  as  of 
very  long  standing,  and  fires  have  gradually  become  so  familiar  to 
the  average  southern  citizen  as  to  be  regarded  as  almost  inevitable.  A 
.carefully  planned  and  patiently  executed  campaign  of  education  in 
behalf  of  fire  control  must  therefore  precede  and  accompany  any 
effort  at  actual  fire  fighting.  Just  so  long  as  the  public  believes  that 
fires  in  the  woods  and  cut-over  lands  are  beneficial,  or  that  they  do 
no  harm,  every  effort  to  control  fires  will  prove  unavailing  or  hope- 
lessly expensive.  Just  so  long  as  the  public  feels  no  need  for  care 
with  its  matches,  smokers'  materials,  camp  fires,  burning  of  brush 
and  trash,  and  other  sources  of  fire  in  the  woods,  the  most  elaborate 
system  of  fire  protection  will  be  only  moderately  successful.  The 
prevention  of  fires  by  persuading  people  not  to  start  them  is  a  fore- 
most and  never-completed  task  for  every  member  of  a  forest  fire 
protective  organization. 

Under  the  general  direction  of  the  State  forester  or  firewarden 
it  is  the  job  of  the  State  to  educate  its  citizen  in  the  facts  of  fire 
damage  and  the  necessity  of  fire  protection.  The  more  formal 
methods  of  education  are  best  handled  by  the  yearlong  employees, 
who  should  obtain  systematic  publicity  for  timber  growing  and  fire 
protection  by  furnishing  items  and  longer  articles  for  the  daily  and 
weekly  press,  by  preparing  special  circulars  and  bulletins,  making 
public  addresses,  supplying  moving  pictures,  erecting  exhibits  at 
schools  and  fairs,  and  by  employing  every  other  medium  known  to 
modern  advertising  and  public  eoucation.  Such  education  must 
cover  not  only  the  forest  communities,  but  also,  in  this  day  of  auto- 
mobile travel  and  the  increasing  enjoyment  of  outdoor  recreation, 
the  cities  as  well.  The  less  formal  but  often  equally  effective  method 
of  educating  people  by  personal  conversation  should  be  used  in  season 
and  out  of  season  by  the  entire  protective  force. 

It  is  peculiarly  the  task  of  the  State  to  carry  on  the  educational 
campaign  against  fires,  because  no  one  landowner  can  have  much 
success  in  keeping  fire  out  of  his  prouerty  if  surrounding  owners  are 
indifferent  to  or  actively  opposed  to  fire  control. 
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Fire  Laws 

•The  work  of  fire  protection  must  of  course  have  ample  warrant  in 
law  at  every  stage.  Most  southern  States  to-day  have  a  fairly 
comprehensive  forest-fire  code.  In  the  South,  for  the  present  at  least, 
it  is  probably  necessary  to  concede  the  right  of  the  individual  owner 
to  set  fire  to  his  own  land  if  he  chooses.  In  towns  and  cities  this 
is  denied  him,  on  account  of  the  impossibility  of  confining  fire 
effectively  to  a  single  building  in  a  crowded  community,  and  in  many 
States  a  permit  to  burn  brush  on  one's  own  land  is  now  required. 
The  forest-fire  law  should  at  least  place  definite  penalties  on  one  who 
sets  fire  to  his  own  land  without  exercising  every  precaution  to 
confine  it  there,  and  of  course  more  severe  penalties  on  those  who  set 
fire  to  the  property  of  another.  Civil  damages  should  be  made 
collectible  in  both  cases.  The  law  should  provide  for  the  deputizing 
of  the  State's  authority  under  certain  definite  conditions,  this  author- 
ity to  include  the  right  to  arrest  violaters  of  the  law,  and  to  call 
upon  able-bodied  citizens  for  fire  fighting  within  reasonable  distances 
of  their  homes.  Permits  for  building  camp  fires  on  another's  land, 
where  no  prohibitory  notices  are  posted  by  the  owner,  may  reasonably 
be  required  by  law  under  some  circumstances. 

As  a  practical  matter  no  code  of  forest-fire  laws  should  be  enacted 
which  public  sentiment  at  the  time  will  not  make  enforceable.  Pro- 
tective regulations  so  severe  that  it  is  not  possible  to  enforce  them 
under  ordinary  conditions  are  worse  than  no  law  at  all. 

Elimination  of  Special  Hazards 

The  State  may  also  be  expected  to  eliminate  special  fire  hazards, 
either  by  direct  action  of  its  own  or  by  requirements  placed  on  those 
responsible  for  them.  For  example,  it  should  require  all  trunk-line 
railroads  not  using  oil  as  a  fuel  in  their  locomotives  to  keep  their 
rights  of  way  in  as  nearly  a  fireproof  condition  as  possible  by  an- 
nually burning,  at  a  safe  time,  the  inflammable  vegetation  along  the 
track,  or  better  by  mowing  it.  The  State  should  also  either  require 
such  screens  or  other  devices  in  the  front  ends  of  all  locomotives, 
and  on  the  ash  pans,  as  will  prevent  so  far  as  possible  the  flying  of 
live  sparks;  or,  during  seasons  when  hazard  is  very  high,  it  should 
require  railroads  to  employ  fire  patrolmen  to  follow  their  trains 
over  stretches  of  track  where  it  is  mechanically  impossible  not  to 
throw  live  sparks.  It  should  have  the  same  authority  to  require 
patrol  and  the  use  of  a  somewhat  different  type  of  spark-arresting 
devices  on  logging  railroads  and  operations.  The  State  may  to  ad- 
vantage have  the  authority  to  fireproof  its  highways;  that  is,  to 
burn  off  the  vegetation  on  each  side  of  them  to  the  full  width  of  the 
right  of  way,  and  possibly,  under  definitely  prescribed  conditions, 
beyond  it.  However,  among  several  objections  to  this  sort  of  work 
may  again  be  mentioned  the  fact  that  smoke  from  fires  of  any  kind 
may  interfere  with  both  lookouts  and  patrol. 

THE    LANDOWNER'S   PART 

The  organization  thus  far  discussed  is  largely  a  skeleton  organ- 
ization, built  to  carry  out  the  vital  program  already  described  of 
preventing  fires  by  public  education,  of  providing  means  for  detect- 
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in^  fires,  and  in  general  of  coordinating?  the  efforts  of  many  indi- 
viduals into  an  effective  wholes  However,  since  no  anjoimt  of  leg- 
islation and  education  will  altogether  prevent  accidental  fires,  and 
since  there  will  always  be  some  deliberate  burning  of  the  woods,  a 
skeleton  organization  alone  will  not  reduce  annual  losses  to  an  aver- 
age of  3  per  cent  or  less.  It  must  be  supplemented  by  further  man 
power.  The  direct  return  to  each  forest-land  owner  from  keeping 
his  property  productive  makes  it  reasonable  that  he  provide  this  sup- 
plemental protection  himself,  or  bear  its  cost.  The  farmer  with  a 
small  woooland  adjacent  to  his  home  contributes  his  own  labor  and 
that  of  his  family  when  fire  breaks  out  in  or  near  his  forest.  The 
logger  or  naval-stores  operator  who  has  men  at  work  on  his  property 
may  reasonably  be  expected  to  go  much  farther  and  to  organize  his 
crews  for  fire  protection.  This  is  especially  so  of  the  logger,  be- 
cause his  own  logging  machinery  is  a  frequent  source  of  fire,  and 
because  he  constantly  creates  an  extra  hazard  with  his  slash.  The 
nonresident  owner  of  cut-over  land  may  not  be  able  to  contribute 
either  his  own  labor  or  that  of  employees  to  fire  protection,  but  he 
should  certainly  bear  the  cost  of  labor  furnished,  organized,  and 
directed  by  the  State. 

Except  for  the  construction  of  fire  lines,  the  work  of  the  private 
landowner  will  be  largely  confined  to  the  fire  season.  It  should  be 
clearly  understood,  however,  that  the  fire  season  in  the  piney  woods 
is  not  invariably  the  same  from  year  to  year,  and  that  conditions 
ripe  for  burning  may  develop  at  practically  any  season.  Although 
the  so-called  "  normal "  fire  season  extends  through  the  fall  and 
winter  months,  it  has  already  been  emphasized  that  the  most  de- 
structive fires  of  all  occur  during  droughts  in  the  vegetative  season. 
Any  system  of  fire  protection  must  therefore  be  flexible  and  meet 
the  needs  of  each  particular  season,  abnormal  as  well  as  normal. 

PBOTEXmON  OF  FARM  WOODLANDS 

A  small  forest  tract,  separated  from  other  woodland  by  plowed 
fields,  and  within  sight  of  a  farmhouse  inhabited  the  year  around, 
is  safer  from  fire  than  the  great  bulk  of  the  piney  woods.  A  fire 
promptly  detected  and  reached  can  often  be  handled  by  the  farmer 
alone,  and  in  any  farming  conununity  volunteer  help  is  generally 
at  hand  in  emergencies.  Additional  protection  against  fires  burning 
into  the  woodland  from  outside  may  wisely  be  given  by  plowing 
fire  lines  completely  around  the  tract,  or  on  the  sides  exposed  to 
outside  fires.  The  details  of  fire-line  construction  are  given  under 
the  later  heading  of  "  Protection  of  turpentine  woods." 

rROTECnON    OF    LaBOE    TRACTS 
LOCAL   ORGANIZATION 

On  large  tracts,  if  fire  towers  are  used,  1-hour  control  can  be 
furnished  by  one  resident  warden  to  about  25,000  acres,  or  if  no  fire 
towers  are  used,  by  one  patrolman  to  about  10,000  acres.  As  earlier 
explained,  the  towerman  is  not  expected  to  fight  fire  himself,  but  is 
connected  by  telephone  with  resident  wardens,  and  may  be  assigned 
one  or  more  smoke  chasers.  The  wardens  are  generally  resident 
farmers,  who  Avork  about  their  farms  except  when  needed  for  actual 
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fire  fighting.  If  there  are  no  towers,  both  detection  and  fire  fighting 
must  be  cared  for  by  one  individual,  best  designated  as  a  patrolman, 
who  spends  his  time  during  really  dangerous  weather  in  driving  or 
riding  about  over  his  district.  The  ''  timber  man "  or  "  woods 
rider  '  employed  by  every  sizable  lumbering  or  turpentining  opera- 
tion will  serve  more  or  less  as  a  patrolman,  but  dependence  should 
rather  be  placed  on  some  one  whose  sole  job  during  the  fire  season 
is  fii-e  protection.  Both  warden  and  patrolman  should  have  an 
iHitomobile  or  horses  available  at  all  times,  be  well  provided  with 
tools,  and  have  telephone  connection  with  three  to  five  additional  local 
fire  fighters. 

Except  for  a  small  annual  retainer,  most  wardens  need  be  paid 
only  for  days  spent  in  fire  fighting.  If  they  can  not  be  hired  on 
this  basis,  smoke  chasers  may  be  more  economical.  Perquisites  in 
the  form  of  free  installation  and  use  of  a  telephone,  and  of  course 
payment  for  necessary  travel  and  supplies  while  engaged  in  fire 
fighting,  will  help  to  make  the  resident  warden  job  attractive.  The 
patrolmen  are  similarly  paid  only  for  days  actually  spent  on  the 
road,  and  for  their  transportation  expenses,  although  it  may  be 
necessary  to  guarantee  the  equivalent  of  a  minimum  number  of  days 
pay  during  the  season. 

The  organization  of  an  auxiliary  force  of  fire  fighters  in  the 
neighborhood  is  an  extremely  important  part  of  good  local  fire 
organization.  In  favorable  weather  one  or  two  men  can  extinguish 
a  small  fire,  provided  they  are  hard  workers,  are  skilled  in  such  work, 
and  are  equipped  with  adequate  tools  and  fire-fighting  devices.  A 
competent  resident  warden  or  patrolman  can  be  depended  upon  to 
handle  alone  a  good  proportion  of  the  fires  which  are  reported  to 
him  or  which  he  himself  discovers.  But  when  the  woods  are  more 
than  ordinarily  dry,  or  when  high  winds  blow,  half  a  dozen  men  are 
needed  to  extinguisn  all  but  the  smallest  fire.  The  resident  warden 
or  patrolman  should  have  an  agreement,  well  in  advance  of  any 
actual  emergency,  with  at  least  six  neighbors  to  turn  out  at  once  on 
his  request  for  aid  in  fighting  fires.  For  work  within  a  fixed  dis- 
tance, say,  3  miles  from  their  homes,  these  helpers  may  not  expect 
pay,  because  of  common  interest  in  a  community  affair;  beyond 
such  a  distance  it  is  fair  and  desirable  to  pay  them  at  current  rates 
for  day  labor.  Careful  selection  of  the  men,  and  requirement  of 
faithful  service  while  on  the  fire  line,  will  generally  prevent  any 
deliberate  firing  of  the  woods  in  order  to  create  work  in  slack  seasons. 

In  parts  of  the  South,  particularly  the  longleaf  pine  region,  it 
will  be  difficult  to  find  enough  qualified  residents  to  serve  even  as 
wardens  or  patrolmen,  and  almost  impossible  to  organize  locally  any 
supplementary  force  of  fire  fighters.  Under  such  circumstances 
landowners  may  find  that  it  pays  to  locate  wardens  and  patrolmen  at 
desirable  points  by  furnishing  them  farm  land  and  even  some 
improvements  at  a  nominal  rent.  The  problem  of  supplying  extra 
fire  fighters  may  be  solved  by  cutting  down  the  size  of  the  districts 
covered  by  these  men,  which  will  not  only  reduce  the  arrival  time  on 
fires  and  the  consequent  difficulties  of  1-man  control,  but  will  also 
allow  several  wardens  to  work  together  on  a  fire.  Lumber  com- 
panies should  plan  to  send  to  bad  fires  certain  crews  engaged  regu- 
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larly  on  other  work,  such  as  section'  crews,  knot  gatherers,  tie  hackers, 
and  the  handy  men  inevitable  to  any  large  woods  enterprise. 
Turpentine  operators,  or  other  employers  of  labor  in  forest  com- 
munities, may  be  expected  to  do  likewise.  Provided  the  problem  is 
attacked  with  determination,  the  local  fire  organization  will  not  be 
found  as  difficult  to  set  up  as  might  be  at  first  expected. 

The  organization  and  direction  of  the  local  forces  for  general  fire- 
protective  work  is  ordinarily  the  task  of  the  State.  If  each  individ- 
ual landowner  erects  and  mans  his  own  fire  towers,  hires  his  own 
resident  wardens,  smoke  chasers,  or  patrolmen,  and  fights  his  own 
fires,  much  lost  motion  is  likely  to  result ;  again,  a  few  owners  may 
be  left  to  bear  a  burden  which  should  rest  on  all  in  proportion  to 
the  size  of  their  holdings.  A  single  property  left  unprotected  in  a 
community  endangers  all  of  the  neighboring  properties  being  pro- 
tected, and  the  bungling  or  carelessness  of  a  fire-fighting  crew  on 
one  tract  can  set  at  naught  the  best  efforts  of  a  good  crew  on  an 
adjacent  tract.  For  this  reason  the  location  of  fire  towers  and  the 
selection  and  direction  of  local  men  should  be  in  the  hands  of  the 
State  rangers,  backed  by  the  training  and  experience  of  the  State 
and  division  firewardens.  The  State  may  then  reasonably  seek  reim- 
bursement from  the  landowners  benefited. 

It  can  not  be  overemphasized  that  methods  of  organization  and 
the  intensity  of  the  protection  given  forest  lands  should  be  fitted  to 
local  conditions. 

PIBE   PREVENTION    AND   ORGANIZATION    IN    WOODS    OPERATIONS 

On  current  logging  and  turpentining  operations,  no  one  factor  will 
contribute  more  to  the  success  of  fire-protective  efforts  than  a  whole- 
souled  desire  on  the  part  of  every  employee,  from  the  water  boy  up, 
to  prevent  fires.  Until  these  men  realize  that  their  employers  are 
in  dead  earnest  about  fire  control  and  that  their  own  present  and 
future  jobs  depend  in  very  large  measure  on  success  in  this  endeavor, 
no  resolution  of  a  board  of  directors  or  order  from  a  general  man- 
ager will  accomplish  much.  Education  of  his  entire  organization  in 
the  necessity  for  preventing  and  controlling  fires,  and  for  setting 
their  personal  example  in  care  with  fire  in  the  woods,  is  the  land- 
owners first  and  most  important  job  in  fire  protection.  If  the 
landowner  does  not  log  or  turpentine  his  own  woods  it  is  none  the 
less  his  gain  to  see  that  those  who  perform  this  work  for  him  are 
as  insistent  on  fire  protection  as  he  would  be. 

One  of  the  chief  causes  of  fire  in  logging  operations  is  sparks  from 
the  stacks  and  ash  pans  of  locomotives,  steam  skidders,  and  loaders. 
Since  few  logging  railroads  run  exclusively  through  the  logger's 
own  lands,  and  all  of  these  devices  operate  in  land  covered  with  slash 
or  tops,  where  fires  spread  easily  to  adjoining  lands,  a  definite  obli- 
gation rests  on  the  operators  to  prevent,  as  far  as  possible,  firing 
of  the  woods.  The  use  of  oil  as  a  fuel  should  be  encouraged,  since 
this  reduces  to  negligible  numbers  the  sparks  escaping  from  stacks 
and  ash  pans.  The  next  best  protection  against  the  escape  of  sparks 
from  the  stacks  of  locomotives  is  probably  the  use  of  some  form  of 
"  cabbage-head  "  stack.  This  device  consists  usually  of  an  inner 
cone  fitted  over  the  ordinary  straight  smokestack  and  surrounded 


TIMBER  GROWING  AND  TURPENTINING  PRACTICES  35 

by  an  outer  jacket,  in  which  the  sparks  emerging  from  the  stack  and 
striking  against  the  cone  are  whirled  about  and  broken  fine  before 
emerging  from  the  jacket.  Provided  such  stacks  are  properly  ad- 
justed, they  have  been  found  by  repeated  experience  to  be  entirely 
practical  at  medium  or  low  locomotive  speeds,  even  on  very  heavy 
grades;  they  are  less  adapted  to  running  at  high  speed.  Their  use 
in  good  repair  has  been  found  to  reduce  fires  from  locomotive  sparks 
to  a  very  small  percentage  of  those  caused  when  reliance  is  placed 
wholly  on  screens  in  the  front  ends.  Screening  the  front  ends  ap- 
pears to  be  all  that  it  is  practicable  to  do  with  trunk-line  locomo- 
tives. The  manufacturers  of  skidders  and  loaders  have  developed 
spark-arresting  devices  which  substantially  reduce  the  number  of 
fires  from  the  use  of  such  equipment,  provided  an  honest  effort  is 
made  to  use  them  and  to  keep  them  in  first-class  shape. 

Elimination  of  fires  resulting  from  ash-pan  sparks  is  very  much 
simpler ;  any  good  mechanic  can  put  an  ash  pan  in  such  shape  as  to 
prevent  the  escape  of  sparks,  without  seriously  interfering  with 
necessary  dumping.    Dumping  should  always  be  done  in  safe  places. 

If  for  any  reason  cabbage-head  stacks  can  not  be  used  on  dummy 
engines,  a  patrol  following  each  log  train  will  generally  be  found 
to  be  more  economical  and  satisfactory  than  burning  fire  lines  along 
the  rights  of  way.  In  the  South,  the  extensive  use  of  trams  per- 
mitted by  the  absence  of  hills  makes  the  burning  of  fire  lines  a  very 
expensive  proposition.  Moreover,  no  fire  line  can  long  be  depended 
upon  which  runs  through  standing  timber ;  the  burning  of  the  lines 
causes  a  heavy  leaf  fall  from  standing  trees,  which  within  a  few 
weeks  after  the  fire  is  sufficiently  inflammable  to  catch  from  loco- 
motive sparks. 

Prevention  alone  is  not  enough.  Loggers  and  naval-stores  oper- 
ators will  wish  to  organize  for  actual  fire  fighting.  A  very  impor- 
tant feature  of  fire-fighting  organization  in  logging  and  turpentining 
operations,  both  large  and  small,  is  the  designation  of  some  one 
individual  at  each  camp  or  still  to  be  responsible  for  extinguishing 
fires.  This  should  make  it  possible  to  get  a  crew  of  fire  fighters  to 
a  blaze  in  turpentine  orchards  or  logging  slash  within  half  the  time 
allowance  set  for  efficient  control  of  fire  in  the  piney  woods  generally. 
The  camp  fire  boss  should  be  skilled  in  organizing  fire-fighting 
crews,  and  in  addition  should  have  full  authority  to  call  upon  any  of 
the  logging  or  turpentining  crews  to  fight  fire.  He  should  have 
appropriate  legal  authority  from  the  State  as  well.  He  must  have 
at  his  disposal  all  necessary  fire-fighting  tools,  and  ought  further  to 
organize  his  work  by  appointing  at  each  skidder  and  loader,  and 
on  any  other  main  division  of  the  logging  or  turpentining  job,  some 
individual  whose  responsibility  it  is  to  begin  fighting  fire  whenever 
necessary. 

PKOTECTION    OF    TURPENTINE    WOODS 

The  present  practice  of  raking  around  all  chipped  trees  in  turpen- 
tine woods,  which  is  a  valuable  insurance  against  the  heavy  losses 
possible  from  accidental  fires,  may  have  to  be  continued  for  the 
present  in  most  localities,  even  where  preventive  means  are  taken. 
But  raking  will  be  more  effective  under  a  system  of  fire  protection 
than  without  it.     Raking  early  in  the  winter,  before  the  pine  straw 
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ceases  falling,  is  by  no  means  always  effective.  If,  however,  a 
thoroughgoing  system  of  fire  protection  permits  delay  until  the 
end  of  January,  raking  will  render  a  2y2-foot  circle  about  the  base 
of  the  trees  reasonably  clear  of  inflammable  material  until  early 
summer,  when  the  presence  of  green  grass,  weeds,  and  similar  low 
vegetation  will  reduce  the  fire  hazard  considerably.  A  mid-season 
raking  might  sometimes  be  justified  by  prolonged  dry  weather  which 
intensifies  fire  danger.  On  the  other  hand,  success  in  fire  protection 
may  in, time  make  raking  unnecessary;  in  restricted  localities  it  is 
in  fact  already  dispensed  with. 

Burning  of  turpentine  woods  after  raking,  although  a  custom 
forced  upon  the  industry  in  the  past  by  universal  carelessness  with 
fire  in  the  piney  woods,  and  further  justified  by  the  difficulty  of 
getting  about  brush-grown  woods  with  dip  buckets  and  scrape  boxes, 
has  no  place  on  forest  land  which  is  to  be  kept  productive.  It  has 
already  been  emphasized  that  virgin  longleaf  pine  forests  are  very 
open.  There  is  a  striking  lack  of  small  trees  and  of  young  growth, 
chiefly  because  of  the  decades  of  annual  fires.  Burning  the  turpen- 
tine woods  intensifies  this  condition.  The  average  acre  of  virgin 
timber  in  the  western  part  of  the  naval-stores  territory  has  from 
40  to  80  faces  to  the  acre,  and  on  the  poorest  acres  the  number  drops 
far  below  this.  Yet  the  entire  acre,  of  which  less  than  half  may 
be  utilized  by  the  chipped  trees,  is  under  present  conditions  regularly 
burned  over  during  the  two  or  three  years  of  turpentining. 

Forty  faces  to  the  acre,  on  land  capable  of  supporting  several  times 
as  many,  is  the  common  average  for  second-growth  stands  in  south 
Georgia  and  north  Florida,  which  to-day  produce  over  half  the 
Nation's  naval  stores.  Since  under  conservative  methods  it  will  pay 
to  work  these  second-growth  stands  probably  12  to  15  years,  their 
annual  burning  condemns  the  unused  space  within  them  to  idleness 
for  a  period  amounting  to  half  the  time  necessary  to  bring  seedlings 
to  chipping  size,  and  a  third  or  fourth  the  time  needed  to  gi-ow  a 
crop  of  saw  logs.  In  culled  lands,  where  the  number  of  faces  to 
the  acre  may  fall  to  as  few  as  10  or  a  dozen,  a  still  higher  proportion 
of  tlie  land  is  kept  idle  by  the  annual  turpentine  fires.  An  extreme 
case  is  illustrated  in  Plate  8,  A. 

The  evil  results  of  fire  in  turpentine  woods  are  not  confined  to 
a  sacrifice  of  the  producing  power  of  a  large  part  of  the  land  in 
open  stands.  They  may  extend  to  a  serious  crippling  of  the  whole 
system  of  fire  detection  in  the  region.  Smoke  from  an  extensive 
burn  will  so  fill  adjacent  land  as  to  render  fire  towers  useless,  often 
for  days  afterwards,  and  greatly  reduces  the  effectiveness  of  patrol. 
Furthermore,  the  use  of  fire  in  the  woods  under  any  conditions, 
however  plausible,  introduces  an  element  of  risk  and  uncertainty 
into  fire  protection  that  increases  its  difficulty  enormously. 

As  a  substitute  for  annual  burning,  but  not  at  present  for  raking, 
a  system  of  fire  linos,  or  firebreaks,  is  recommended.  Fire  lines  are 
intended  to  atfoi'd  a  place  from  which  a  crew  may  safelj^  set  back 
fires,  when  direct  fire  lighting  is  impossible  because  of  high  winds 
or  dryness  of  the  forest.  The  lines  are  not  expected  to  stop  a  tire 
outright  save  in  very  calm  weather  or  at  night. 

The  most  generally  useful  line  consists  of  plowed  furrows,  or  a 
line  raked  or  hoed  to  mineral  soil,  about  G  feet  wide.    This  is  about 
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5  furrows  if  plowed  with  an  ordinary  turning  plow,  or  3  with  a 
middle  burster.  It  is  particularly  important  that  the  lines  shall  not 
run  close  enough  to  standing  trees  to  receive  any  large  amount  of 
leaf  fall;  they  may  usually  be  crooked  to  avoid  the  trees,  but  occa- 
sionally trees  near  the  lines  will  have  to  be  cut.  The  felling  of  all 
snags  and  dead  trees  15  feet  or  more  in  height  within  8  rods  of  the 
furrows  will  also  be  necessary,  in  order  to  prevent  sparks  from  blow- 
ing across  the  fire  lines. 

An  alternative  type  of  fire  line  to  that  just  described  consists  of 
a  burned  strip,  50  to  100  feet  wide,  between  plowed  lines  one  or 
two  furrows  wide.  It  is  a  question  whether  snags  need  be  felled 
for  8  rods  on  each  side  of  this  line.  If  not,  this  type  of  line  will  be 
the  cheaper,  and  has  the  further  advantage  of  sufficient  width  to  be 
able,  if  freshly  burned,  to  stop  a  bad  fire  even  in  the  absence  of  any 
fire  fighters.  But  it  is  open  to  several  objections.  It  keeps  in  per- 
manent idleness  a  substantial  area.  Grass  and  brush  grow  up 
quickly  on  it,  and  may  greatly  lessen  its  usefulness.  Burning  the 
strip  between  the  furrows  is  uncertain  and  expensive,  because  the 
weather  is  often  unfavorable  at  the  very  time  it  is  most  necessary 
that  the  work  be  done.  Finally,  the  burning  may  fill  the  country 
with  smoke  on  days  when  everything  depends  on  clear  vision  for 
the  lookouts  or  patrolmen. 

Turpentine  woods  should  not  be  blocked  out  by  fire  lines  into  units 
of  fixed  size,  but  should  be  divided  on  the  basis  of  number  of  faces. 
No  rigid  limit  can  be  fixed  on  the  number  of  faces  included  in  a 
block;  1,000  faces,  representing  an  investment  in  gum  and  equip- 
ment of  $100  to  $150,  is  probably  a  satisfactory  standard  toward 
which  to  aim.  Although  experience  in  fire-line  construction  in  flat 
or  rolling  sandy  land  elsewhere  in  the  United  States  points  to  the 
desirability  of  keeping  to  a  rather  mechanical  system  of  square 
blocks,  in  parts  of  the  southern  pine  belt  it  may  be  better  to 
depart  from  it.  Portions  of  the  coastal  plain  are  dotted  with  ponds 
and  crossed  by  drainage  ways  which  may  be  so  wet  most  of  the  year 
as  to  prevent  fire-line  construction,  but  which  during  bad  droughts 
may  be  so  dry  that  fires  cross  them  readily.  In  such  territory  fire 
lines  must  for  the  most  part  follow  the  low  ridges  rather  than  straight 
lines  across  country.  The  units  inclosed  are  therefore  irregular  in 
shape  and  size. 

That  fire  lines  are  a  means  of  stopping  fires  which  no  amount  of 
man  power  could  handle  has  been  demonstrated  in  the  longleaf  pine 
belt  time  and  again.  For  example,  several  hundred  acres  of  prom- 
ising young  slash  pine  plantations  in  southeast  Louisiana  were  in 
the  path  of  a  fire  one  dry,  windy  night  in  January,  1927.  Up  to 
the  time  it  reached  the  fire  line  surrounding  the  plantations  the  fire 
had  burned  about  200  acres  of  cut-over  longleaf  pine  land  in  the 
short  space  of  20  or  30  minutes.  Two  crews  of  fire  fighters  had 
arrived  just  ahead  of  the  fire  and  were  prepared  to  attack  it  from 
the  line  when  they  found  tliat  the  line  alone  Avould  hold  it  without 
any  manual  labor  whatever.  This  was  a  burned  line  50  to  150  feet 
wide,  between  two  single  furrows.  In  March,  1928,  because  the 
fire-fighting  crews  had  no  time  to  back-fire  from  it,  a  similar  line  was 
jumped  by  a  fire  burning  across  liilly  cut-over  land,  but  the  next  line 
down  the  wind  held.    This  fire  was  set  by  incendiaries  after  mid- 
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night  of  a  parching  day,  and  was  driven  by  a  terrific  north  wind. 
Crews  reached  the  fire  so  rapidly  as  to  catch  the  incendiaries  red- 
handed,  but  would  have  been  helpless  to  hold  the  fire  without  the 
aid  of  the  fire  lines.  The  owners  of  the  land  involved  in  these 
instances  have  built  475  miles  of  fire  line  through  it,  and  spend  $3,000 
to  $5,000  a  year  on  this  form  of  fire  protection.  In  the  State  of 
Louisiana  as  a  whole  forest  owners  have  built  2,000  miles  of  fire  line, 
and  a  single  landowner  in  southern  Georgia,  over  200  miles. 

PBOTECTION  FOB  SLASH  AREAS 

Special  measures  are  necessary  for  the  protection  of  land  covered 
with  slash  or  tops  from  recent  logging.  If  the  slash  burns  on  such 
land,  both  young  growth  and  seed  trees  are  threatened  with  complete 
destruction. 

A  little  experimental  evidence,  coupled  with  general  observation, 
indicates  as  earlier  stated,  that  the  slash  from  virgin  longleaf  pine 
timber  requires  5  to  8  years  to  rot  enough  so  that  it  will  not  add  ap- 
preciably to  the  heat  of  a  fire.  Tops  of  other  species  in  the  virgin 
stand,  having  less  heartwood,  take  3  to  5  years.  Second  growth  of 
any  species  up  to  the  age  at  which  it  is  usually  cut  has  almost  no 
heart  in  the  tops,  and  the  slash  rots  in  2  or  3  years.  Close  utilization 
in  the  tops,  which  reduces  the  quantity  of  large-sized  material  left 
on  the  ground,  greatly  hastens  the  process  of  rotting  and  may 
shorten  the  danger  periods  in  virgin  timber  by  1  to  3  years,  and  in 
second-growth  slash  by  perhaps  a  year. 

The  first  step  in  the  protection  of  slash  areas  is  to  pull  all  tops  and 
logging  debris  away  from  the  base  of  the  seed  trees.  This  is  a  pre- 
caution against  complete  denudation  of  areas  which  may  burn  in 
spite  of  every  effort  to  protect  them.  In  virgin  timber,  where  tops  are 
heavy,  this  work  will  require  the  use  of  a  horse  or  mule,  but  in  second 
growth  a  good  axman  can  readily  cut  up  the  average  top  and  drag 
it  away  piecemeal  by  hand  to  the  required  distance  of  about  15  feet. 
A  main  trunk  or  lar^e  limb,  unless  containing  enough  heartwood  to 
"  lighter  "  (become  pitchy)  rather  than  rot,  is  not  as  dangerous  as  the 
inflammable  smaller  branches  with  their  dead  foliage,  and  need  not 
be  removed.  Provided  felling  crews  are  properly  impressed  with 
the  need  of  keeping  tops  away  from  seed  trees  in  cutting  the  sur- 
rounding stand,  and  swampers  and  skidder  crews  use  the  same  cau- 
tion when  getting  out  the  logs,  not  much  large  material  will  require 
removal.  In  very  heavy  slash  all  that  it  may  be  practicable  to  do 
with  an  occasional  top  is  to  lop  it,  that  is,  limb  it  and  leave  the  limbs 
as  close  to  the  ground  as  possible.  Pulling  or  lopping  should  follow 
immediately  after  the  logs  have  been  skidded  out. 

Until  the  tops  have  rotted  to  a  point  where  they  do  not  constitute 
any  large  additional  menace,  effective  fire  fighting  is  very  difficult  in 
slash  areas  not  broken  up  into  small  blocks  by  means  of  fire  lines. 
Under  favorable  weather  conditions  it  may  be  possible  to  fight  a  fire 
in  green  slash  without  the  aid  of  lines.  But  a  high  wind  or  dry 
slash,  or  both,  create  so  terrific  a  hazard  that  nothing  short  of  back- 
firing from  a  prepared  line  will  hold  the  flames. 

The  lines  should  be  of  the  same  types  as  those  described  for  use 
in  turpentine  orchards.    Any  large  tops  should  be  pulled  away  to  a 
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distance  of  1  rod  from  the  outer  edge  of  the  lines.  The  presence  of 
slash  between  the  furrows  will  make  burning  of  wide  lines  hazardous 
and  difficult,  and  may  eliminate  from  consideration  their  use  in  slash 
areas.  The  desirable  size  of  the  blocks  inclosed  by  fire  lines  in  slash 
is  a  matter  necessarily  based  on  cost  and  risk.  Square  bloclis  of  from 
160  to  640  acres,  depending  on  the  heaviness  of  the  cutting  and  the 
resultant  percentage  of  the  area  covered  by  slash,  may  be  surrounded 
by  lines  at  what  appears  to  be  a  reasonable  cost  per  acre  when  spread 
over  an  entire  property  employed  in  timber  growing. 

PROTECTION  OF  YOUNG  tlROWTH 

Fire  lines  in  turpentine  orchards  are  justified  by  the  high  cash 
values  at  stake,  and  in  slash-covered  areas  by  the  grave  difficulties 
involved  in  fire  fighting  without  them.  Their  use  in  areas  of  young 
growth  is  justified  on  different  grounds.  (1)  There  is  the  absolute 
need  to  keep  fire  out  of  seedlings  and  saplings  less  than  7  or  8  years 
old.  (2)  Although  the  local  organization  above  described  should 
be  able  to  hold  to  3  per  cent  the  area  burned  over  in  a  community 
as  a  whole,  it  is  quite  possible  for  this  entire  loss  to  occur  on  the 
property  of  one  or  two  landowners.  The  burning  of  say,  20  or  25 
per  cent  of  a  property  consisting  of  young  growth  still  subject  to 
heavy  damage  may  be  a  staggering  blow  to  the  value  of  the  tract 
as  a  whole.  For  this  reason  every  prudent  owner  who  wishes  to 
keep  his  land  productive  will  certainly  give  it  such  additional  pro- 
tection as  he  can  obtain  at  reasonable  cost.  Fire  lines  are  much 
more  the  direct  concern  and  responsibility  of  the  individual  land- 
owner than  is  the  manpower  engaged  in  local  protection. 

The  frequency  of  fire  lines,  which  governs  the  size  of  the  blocks 
inclosed  by  them,  should  be  varied  to  suit  the  hazard.  Where  the 
forest  is  all-aged  and  the  young  growth  subject  to  severe  damage  is 
scattered,  breaking  an  entire  property  up  into  blocks  of  about  640 
acres  is  believed  to  be  justified.  Blocks  as  small  as  160  acres  are 
warranted  in  unbroken  areas  of  young  growth.  If  this  growth  has 
followed  immediately  after  logging  the  intensive  protection  pre- 
scribed for  areas  of  slash  will  give  the  seedlings  a  few  years'  start. 
But  in  many  instances  the  period  of  such  protection  will  not  have 
brought  the  seedlings  to  the  7  or  8  years  of  age  necessary  to  give  the 
more  vigorous  ones  resistance  against  ordinary  winter  fires. 

COSTS  OF  FIRE  PROTECTION 

The  State  Organization 

Rather  limited  experience  under  southern  conditions  indicates  that 
the  State  fire  organization  above  described  should  cost  about  1.3 
cents  an  acre  a  year.  This  covers  the  erection  and  operation  of  look- 
outs, the  salary  and  expenses  of  the  ranger  force,  and  a  small  sum 
for  reduction  of  special  hazards,  in  addition  to  the  overhead  expense 
of  the  State  and  division  firewardens'  offices.  It  should  be  noted  that 
under  the  Clarke-McNary  law  the  Federal  Government  is  author- 
ized to  contribute  in  cooperative  funds  to  a  State  undertaking  fire 
protection  a  sum  not  greater  than  that  spent  by  the  State  itself  in 
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this  work  from  State  and  private  funds.  The  appropriation  avail- 
able ($J,2()0,00()  in  1928-21))  for  this  purpose  is  not  sufficient,  how- 
ever, to  aHow  the  PVderal  Government  to  match  more  than  a  few 
of  the  State  ap])ropriations  doihir  for  dollar,  the  maximum  contri- 
bution bein^  a  little  over  $G4,000  a  year.  The  sum  apportioned  in 
1928-29  to  the  12  southern  States  maintaining  fire  protective  organi- 
zations was  $820,000,  or  about  two-thirds  as  much  as  the  States' 
expenditures. 

The  Local  Organization 

For  farm  woodlands,  generally  small  in  extent,  the  local  organi- 
zation will  cost  practically  nothing.  The  land  will  be  subject  to  but 
slight  risks,  and  the  owner,  residing  on  or  near  it,  can  keep  it  under 
his  immediate  supervision  at  all  times.  For  larger  properties  the 
local  system  of  fire  protection,  exclusive  of  the  special  measures 
necessary  to  protect  turpentine  orchards,  slash  areas,  and  young 
growth,  is  estimated  to  cost  0.85  cent  an  acre  a  year.  Where  for 
any  reason  patrol  must  be  substituted  for  a  system  of  towers  and 
resident  wardens,  the  cost  to  the  landowners  rises  as  high  as  3.7  cents 
an  acre.  The  cost  of  fire  fighting,  although  apt  to  vary  greatly,  is 
included  in  all  estimates  at  a  figure,  spread  over  the  entire  area 
protected,  of  0.5  to  0.6  cent  an  acre. 

It  should  be  understood  that  local  conditions  will  have  a  very 
large  effect  on  the  methods  and  resultant  costs  of  fire  protection. 
This  is  true  of  the  physical  conditions  such  as  timber  type,  topog- 
raphy, and  road  system,  and  particularly  of  the  condition  of  local 
sentiment  toward  fire  protection.  The  figures  given  should  there- 
fore be  considered  simply  as  a  general  guide. 

Special  Protective  Measures 

To  maintain  production  on  pinelands  where  lumbering  or  turpen- 
tining is  in  progress,  or  on  which  there  is  logging  slash  or  young 
growth  still  subject  to  killing  by  winter  fires,  requires  expenditures 
over  and  above  those  for  the  State  and  local  systems  of  fire  protec- 
tion. These  expenditures  cover  pulling  tops  to  a  distance  of  15  feet 
from  seed  trees  on  extensive  current  cuttings  and  breaking  up  tur- 
pentine orchards  and  areas  of  slash  and  young  growth  into  small 
blocks  by  means  of  fire  lines.  Raking  around  tne  trees  will  still 
be  necessary  in  most  orchards,  but  as  the  cost  of  this  is  an  accepted 
item  in  naval-stores  accounting  it  is  not  included  among  the  special 
items  of  expense.  Again,  since  most  progressive  lumber  companies 
are  already  accustomed  to  screen  their  ash  pans,  and  to  use  si)ark 
arresters  on  logging  locomotives,  skidders,  and  loaders,  simply  as 
a  protection  to  their  trestles,  logs,  and  equipment,  the  cost  of  this 
X>rotection  can  hardly  be  charged  to  protection  of  their  lands. 

PULLING  TOPS 

With  no  actual  figures  from  jobs  where  the  timber  was  cut  as 
recommended  later  in  this  bulletin,  but  with  some  information  from 
('()m])arable  jobs,  it  is  estimated  that  25  cents  an  acre  is  an  average 
charge  for  pulling  tops.    It  is  improbable  that  every  seed  tree  will 
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need  to  be  freed  of  slash,  even  at  the  beginning,  and  it  seems  likely 
that  as  the  woods  crews  become  thoroughly  educated  to  the  idea,  keep- 
ing slash  away  from  seed  trees  will  be  held  in  mind  with  ever-increas- 
ing effect.  The  more  open  the  timber,  the  smaller  will  be  the  cost  of 
this  work. 

FIEE  LINES 

Since  fire  lines  have  only  recently  come  into  considerable  use  in 
the  southern  pine  region,  methods  and  costs  of  construction  are  alike 
variable.  The  degree  of  slope  commonly  encountered,  and  the  fre- 
quency of  small  drainage  ways,  which  if  numerous  seriously  inter- 
fere with  plowing  in  straight  lines,  are  factors  in  costs.  So  are  the 
density  of  brush,  number  and  kind  of  stumps,  and  similar  natural 
obstacles  to  plowing.  Under  some  circumstances  a  stout  mule  or 
horse  will  accomplish  more  for  the  money  than  a  tractor,  but  under 
average  conditions  in  the  coastal  plain  the  tractor  is  believed  to  be 
more  efficient.  Much  depends  on  the  skill  of  the  plowman  or  tractor 
driver,  and  since  this  work  is  unfamiliar  to  nearly  all,  first  costs  are 
apt  to  be  high. 

A  6-foot,  solidly  plowed  line  is  estimated  to  cost  under  average 
conditions  about  $7  a  mile  for  original  construction,  which  includes 
location,  cutting  of  brush,  removal  of  down  logs,  and  the  plowing 
itself.  It  should  be  possible  to  renew  the  line  annually  for  one- 
half  to  three-quarters  of  the  original  cost.  Felling  of  all  snags,  or 
dead  trees  over  15  feet  in  height,  to  a  distance  of  8  rods  on  each  side 
of  a  plowed  line,  will  vary  directly  in  cost  with  the  average  number 
present  on  an  acre.  A  tally  of  such  snags  on  several  miles  of  strip  sur- 
vey through  longleaf  pine  land  in  Mississippi  gave  an  average  of  1  to 
the  acre  in  cut-over  land  and  1.7  in  virgin  timber,  eliminating  those 
less  than  7  inches  in  diameter  at  breastheight.  The  longer  the 
period  since  cutting,  the  fewer  the  snags  in  cut-over  land.  Assum- 
ing 1.5  snags  to  the  acre,  and  that  a  2-man  crew  is  capable  of  cutting 
40  a  day,  the  cosf  of  snag  felling  per  mile  of  fire  line  becomes  $7.20. 
Finally,  if  the  line  runs  through  slash  all  tops  and  other  inflammable 
material  must  be  removed  from  a  rod-wide  strip  on  each  side  of  the 
plowed  line.  At  an  acre  cost  of  50  cents,  or  twice  that  of  pulling 
tops  from  seed  trees,  the  cost  per  mile  of  line  is  $2. 

The  cost  of  constructing  a  mile  of  new  fire  line  of  this  type  through 
slash  is  then: 

Plowinj? $7.  00 

Felling    snags 7.  20 

Pulling    slash 2.  00 

Total 16.20 

In  figuring  the  cost  of  fire  lines  it  should  always  be  remembered 
that  the  larger  the  area  broken  up  by  such  lines,  the  more  nearly 
the  mileage  of  lines  per  unit  of  area  is  cut  in,  half.  This  is  because 
all  lines  except  those  on  the  extreme  outer  boundaries  of  the  tract 
do  double  duty  by  protecting  the  land  on  both  sides  of  them.  To 
illustrate,  2  mile-square  blocks  side  by  side  require  only  7  miles  of 
line,  instead  of  the  8  miles  they  would  need  if  they  did  not  liave 
one  side  in  common;  if  4  adjoin,  in  a  square,  they  need  only  12  miles 
of  line,  instead  of  16;  and  so  on.     The  average  number  of  miles  of 
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line  to  the  block  is  thus  reduced  from  4  to  SYz  and  to  3  in  the 
examples  given. 

Renewal  of  this  type  of  line  will  require  only  replowing,  at  from 
$3.50  to  $5.25  a  mile  if  done  yearly. 

Table  2  shows  the  cost  of  breaking  slash-covered  tracts  of  various 
sizes  into  10,  40,  160,  and  640  acre  blocks  by  means  of  fire  lines  of  the 
type  above  described. 

Table  2. — Cost,  in  cents  per  acre,  of  fire  lines  through  logging  slash^  as  affected 
by  size  of  block  and  by  total  acreage  protected 


Size  of 

block 

within 

fire  line 

40-acre  tract 

160-acre  tract 

640-acre  tract 

23,040-acre  tract 

First 
cost 

Yearly 
upkeep » 

First 
cost 

Yearly 
upkeep  * 

First 
cost 

Yearly 
upkeep  > 

First 
cost 

Yearly 
upkeep » 

Acres 

10 

40 

100 

640 

Cents 
61 
40 

Cents 
19 
12 

Cents 
61 
30 
20 

Cents 
16 
9.4 
6.2 

Cents 
46 
25 
15 
10 

Cents 
14 
7.8 
4.7 
3.1 

Cents 

41 

21 

11 

5.9 

Cents 

13 

6.6 

3.4 

1.8 

J  Costs  through  cut-over  land,  not  slash-covered,  are  about  12  per  cent  lower. 
1  Upkeep  is  assumed  to  be  $5  a  mile. 

Wider  fire  lines,  where  practicable,  consistin<i^  of  a  burned  strip  50 
to  100  feet  wide  between  double  furrows,  will  not  differ  greatly  in 
cost  from  the  narrow,  solidly  plowed  lines,  unless  a  road  or  some 
natural  break  may  be  used  in  place  of  the  furrows  on  one  side. 

Total  Cost&  For  Typical  Properties 

The  costs  per  acre  of  the  State  and  local  system  of  fire  protection, 
which  together  amount  to  about  2.2  cents,  and  include  0.55  cent  for 
fire  fighting,  are  based  on  the  total  area  of  pineland  in  a  community. 
The  cost  of  special  measures  of  protection  should,  however,  be 
charged  against  the  particular  property  benefited.  Because  turpen- 
tine orchards,  slash  areas,  and  areas  of  youn^ij  growth  may  make 
up  anywhere  from  0  to  100  per  cent  of  an  individual's  or  company's 
holdings,  the  total  cost  of  protection  per  acre  may  vary  greatly  from 
property  to  property.  Under  these  circumstances  a  few  illustrations 
drawn  from  conditions  most  likely  to  be  encountered  will  be  more 
useful  than  a  generalized  summary  of  costs. 

A  farm  woodland  of  40  acres  is  culled  yearly  for  fuel  wood  and 
posts  used  on  the  farm,  and  at  intervals  of  a  few  years  for  saw 
logs,  piling,  and  other  material  for  sale  off  the  farm.  Because  no 
cuttings  cover  any  considerable  acreage  and  seed-bearing  trees  are 
plentiful  on  all  sides  of  the  areas  cut,  there  is  no  need  for  pulling 
tops  away  from  seed  trees.  For  $16  in  teams  and  labor  a  6-foot 
plowed  fire  line  can  be  constructed  entirely  around  the  tract;  no 
cash  outlay  whatever  is  required  of  the  average  farm  owner.  This 
line  may  be  replowed  yearly  for  $5.  In  a  community  of  isolated 
farm  woodlands  this  yearly  expenditure  of  12.5  cents  an  acre  should 
make  unnecessary  any  further  local  system  of  protection,  or  even  the 
fire  towers  of  the  State  system.  The  State  will,  however,  be  justi- 
fied in  conducting  its  educational  work  in  such  a  community,  and  in 
maintaining  the  ranger  force,  although  assigning  a  larger  territory 
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to  each  ranger  than  in  communities  of  greater  hazard.  The  cost 
of  the  State  organization  will  then  be  about  0.75  cent  an  acre.  If, 
however,  the  farm  woodland  is  part  of  an  extensive  area  of  forest 
land,  the  local  system  of  protection  should  certainly  include  fire 
towers,  and  in  most  instances  resident  wardens  and  smoke  chasers 
cr  patrolmen  as  well.  This  adds  an  acre  charge  of  0.5  to  0.8  cent. 
The  grand  total  is  then,  in  round  figures,  13  to  14  cents  an  acre,  in- 
cluding the  cost  of  fire  fighting.  This  cost  is  high,  but  should  give 
vastly  better  protection  than  that  which  is  planned  for  most  lands. 
A  small  sawmill,  cutting  7,500,000  feet  of  pine  a  year,  logs  about 
two  sections  of  land  in  12  months.  After  10  years  of  operation, 
during  which  his  cut-over  land  has  been  rendered  largely  unpro- 
ductive by  fires,  the  owner  decides  to  keep  productive  the  20  sec- 
tions he  will  log  during  the  remaining  10  years  of  his  operation, 
and  to  preserve  from  fire  such  young  growth  as  has  started  on  the 
area  already  cut  over.  The  first  year  1,280  acres  are  covered  with 
fresh  slash,  which  must  be  pulled  away  from  the  seed  trees,  and 
through  which  fire  lines  must  be  built  to  divide  the  area  into  160- 
acre  blocks.  The  20  sections  already  cut  over  are  broken  by  fire  lines 
into  64:0-acre  blocks  but,  since  the  slash  has  already  decayed  or 
burned,  the  cost  per  mile  of  fire  line  is  $14.20  instead  of  $16.20.  The 
second  year  all  the  old  fire  lines  must  be  renewed,  and  new  lines  built 
through  two  sections  of  fresh  slash ;  similarly  for  each  successive  year 
up  to  the  ninth.  In  the  ninth  year  the  20  sections  already  cut  over 
when  protection  was  started  no  longer  require  protection  by  fire  lines, 
and  neither  do  the  two  sections  cut  over  the  first  year.  This  assumes 
that  satisfactory  reproduction  was  here  established  in  the  first  year 
or  two  of  protection,  and  is  now  fairly  resistant  to  fire.  In  the 
tenth  and  final  year  of  cutting  there  is  no  change  in  the  total  length 
of  fire  lines,  old  and  new.    (Table  3.) 


Table  3. — Cost  of  fire  Imes  on 


sections  far  10  years, 
each  year 


sections  'being  logged 


Year 

Lump 
sum 

Cost  per 
acre 

Year 

Lump 
sum 

Cost  per 
acre 

First       

Dollars 
815 
425 
615 
806 
995 
1,185 

Cents 
3.2 
1.7 
2.4 
3.1 
3.9 
4.6 

Dollars 

1,375 

1,505 

460 

460 

Cents 
5.4 

Second 

Eighth 

6. 1 

Third 

Ninth 

1.8 

Fourth 

Tenth 

1.8 

Fifth 

^'ixthVJV.VSSS.'.'.V.'.'.'.V.V.V.' 

870 

3.4 

Pulling  tops  away  from  the  seed  trees  on  fresh  cuttings  costs  $320 
a  year  additional,  or  1.25  cents  an  acre  spread  over  the  property  as  a 
whole.  Yearly  protection  costs  for  this  property  are  then:  State 
system,  1.33  cents  per  acre;  local  system,  0.85  cent;  fire  lines,  3.4 
cents;  slash  disposal,  1.25  cents;  total,  6.83  cents.  Had  protection 
been  given  to  the  entire  property  of  25,600  acres  from  the  beginning 
of  the  operation,  the  yearly  cost  would  have  been  about  5.25  cents 
an  acre. 

Five  thousand  acres  of  second-growth  longleaf  and  slash  pine  sup- 
ply gum  for  a  10-crop  still,  and  produce  saw  logs,  piling,  and  cross- 
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ties  from  the  worked-out  trees.  The  trees  vary  in  age,  and  each 
year  some  reach  profitable  chipping  size,  while  others  which  have 
been  cupped  and  back-cupped  are  ready  to  cut.  There  are  about 
20  working  or  resting  turpentine  faces  to  the  average  acre,  together 
with  4  or  5  decaying  tops,  and  nmch  young  growth  subject  to  fire 
damage.  This  results  in  a  combination  of  hazards  on  every  acre,  and 
probably  justifies  breaking  the  entire  acreage  up  into  40-acre  blocks 
by  means  of  fire  lines.  The  first  cost  of  such  lines,  if  the  property  is 
in  a  compact  body,  is  about  $1,100,  the  yearly  upkeep  only  $340. 
The  corresponding  ])er  acre  costs  are  22  and  6.8  cents.  But  the  small 
size  of  the  blocks  and  the  scattered  cutting  justify  leaving  the  slash 
where  it  falls,  thus  eliminating  the  expense  of  pulling  tops  away 
from  seed  trees,  and  the  presence  of  the  turpentining  and  logging 
crews  saves  the  cost  of  the  local  fire  organizations  (0.8  cent).  After 
the  1.3  cents  of  the  State  system  is  added  the  total  annual  charge 
slightly  exceeds  8  cents.  When  it  is  considered  that  at  least  this 
amount  is  now  spent  yearly  in  raking  around  the  20  cups  on  an  acre, 
and  that  thoroughgoing  fire  protection  should  in  time  make  raking 
unnecessary,  the  expense  of  fire-line  construction  appears  amply 
justified. 

A  tract  of  50,000  acres  of  cut-over  land,  previously  fire-swept  but 
bearing  enough  seed  trees  to  reforest  naturally  if  given  fire  protec- 
tion, is  broken  up  by  fire  lines  into  640-acre  blocks  at  a  first  cost  of 
about  $2,500,  or  5  cents  an  acre.  This  assumes  that  no  slash  remains 
from  logging,  which  slightly  reduces  the  cost  of  fire-line  construction. 
The  yearly  upkeep  of  the  fire  lines  is  $900,  or  1.8  cents  an  acre. 
Added  to  the  cost  of  the  State  and  local  protective  organizations, 
this  makes  a  total  of  about  4  cents  an  acre  a  year. 

Figure  5,  furnished  by  courtesy  of  the  Louisiana  Department  of 
Conservation,  illustrates  a  portion  of  one  of  Louisiana's  fire-protec- 
tion areas.  The  entire  forest  area  protected — 165,217  acres — is 
equipped  with  1  fire  tower,  12  telephones,  72  miles  of  telephone  line, 
and  260  miles  of  firebreaks.  Protection  is  in  charge  of  an  assistant 
ranger,  aided  by  a  lookout  man,  11  wardens,  and  1  smoke  chaser. 
JPrior  to  the  establishment  of  intensive  protection  not  less  than  85 
per  cent  of  the  area  burned  over  in  the  average  year.  This  was  re- 
duced in  1926-27  to  12.3  per  cent,  in  1927-28  to  5.4  per  cent,  and  in 
1928-29  to  5.2  per  cent,  although  during  the  three  years  the  number 
of  fires  reported  annually  increased  from  78  to  189.  The  average 
yearly  cost  of  protection,  exclusive  of  any  expense  of  the  State 
forester's  oflSce,  was  4,71  cents  an  acre. 

Division  op  Cost  Between  Public  and  Private  Agencies 

Emphasis  has  been  laid  on  the  fact  that  the  protection  of  private 
lands  against  fire  is  a  joint  undertaking  between  public  agencies  and 
the  landowner,  and  that,  although  under  ordinary  circumstances  it 
is  better  that  the  State  maintain  the  local  fire  protective  organiza- 
tion, it  may  reasonably  assess  at  least  part  of  the  cost  against  the 
properties  protected.  In  its  cooperative  work  with  the  States  under 
the  Clarke-McNary  Act  the  Forest  Service  has  proposed  as  an  ob- 
jective that  the  cost  of  adequate  protection  of  forest  lands  be  divided 
as  follows:  Federal  Government,  25  per  cent;  State  governments 
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and  those  of  lesser  political  units,  25  per  cent;  private  landowners, 
50  per  cent.  Eealizing  the  need  for  public  leadership  and  encour- 
agement in  such  matters,  the  Federal  Government  and  the  Southern 


R.5  W. 

LEGEND 

i    ASSISTANT   RANGER.   — - 
IN  CHARGE  ^ 

^   WARDEN  

A   TOWERMAN  ___ 

A   LOOKOUT  TOWER  ,  ,  .  , 


R.A-W. 


TELEPHONE  LINE 
TELEPHONE 
FIRE  BREAK 
ROAD 
RAILROAD 


Figure  5, — Details  of  fire-fighting  organization  on  a  portion  of  one  of  Louisiana's 

protection  areas 

States  have  made  a  vigorous  effort  to  fulfill  their  obligations.  A 
skeleton  protective  organization  along  the  lines  previously  described 
has  been  set  up  in  all  but  one  State,  and  in  communities  where  the 
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landowners  also  have  given  their  moral  and  financial  support  public 
effort  has  been  ^eatly  intensified.  Table  4  shows  that  for  the  South 
as  a  whole  public  agencies  are  more  than  doing  their  part  in  forest- 
fire  protection. 


Table  4. 


-Southern  forests  areas  *  needing  fire  protection  and  actually  protected, 
with  public  and  private  expenditures,  calendar  year  1929 


Areas  needing 
protection 

Areas 
actually 
protected ' 

Expenditures 

State 

Public 
(county, 
State,  and 
Federal) 

Private 

Total 

Public,  per 
acre,  area 
actually 
protected 

Acres 

380,000 
6,351,000 
17,  327, 000 

21,  056, 000 
12, 379, 000 
23,  725,  000 
22,919,000 
30,  569,  000 
19,  500,  000 
17,900,000 
23,  532, 000 

22,  757,  000 
12,949,000 

Acres 

380,000 
6, 351, 000 
10, 703, 000 
9,  721,  000 

348,000 

1,  645,  000 

1,684,000 

17,  242,  000 

560,000 
4,  352,  000 
8, 010,  000 
4,  257, 000 
1,374,000 

Dollars 
2, 095. 72 
40, 822. 80 
63, 922.  99 
94,681.76 
20,294.96 
65. 421.  50 
78, 092.  55 
66,  213.  03 
76,  369.  77 
89, 363.  72 
69,746.01 

Dollars 

Dollars 
2,095.72 
41,484.80 
71,875.48 

105,  594.  29 
29,  762.  82 

104,  286.  08 

109, 852.  00 
82,852.08 
76,  369.  77 

133, 327. 97 
76,426.45 

Cents 
0.552 

Maryland 

662.00 
7,952.49 
10,912.53 
9,467.86 
38,864.68 
31,  759. 45 
16,  639.  05 

.643 

Virginia... 

.597 

North  Carolina 

South  Carolina 

.974 
5.83 
3.98 

Florida 

4.64 

.384 

13.64 

Louisiana 

43, 964.  25 
6,681.44 

2.05 

Texas 

.871 

Arkansas ' 

Oklahoma 

24,970.70 

12,014.00 

36,984.70 

1.82 

1  Only  about  two-thirds  pineland.     Separate  figures  for  plneland  not  available. 

*Aa  reported  by  States  in  spring  of  1930.  There  is  a  vdde  variation  between  States  In 
the  Intensity  of  protection  given  areas  reported  as  "  protected." 

» The  fact  that  State  cooperation  under  section  2  of  the  Clarke-McNary  Act  is  not  yet 
In  effect  in  Arkansas  makes  it  impossible  to  give  any  figures  showing  cost  of  protection. 
Areas  protected  are  mainly  in  the  hands  of  some  six  or  seven  large  companies  whose  per 
acre  expenditures  vary  widely  and  are  not  readily  ascertainable  or  reducible  to  any 
common  basis. 


LEAVING  SEED  TREES  OR  THEIR  EQUIVALENT 

If  all  cutting  and  turpentining  were  to  cease  to-day,  and  fire  pro- 
tection of  the  degree  just  described  were  to  be  given  henceforth  to 
all  southern  pinelands,  about  90  per  cent  of  these  lands  would  be, 
or  would  in  time  become,  reasonably  productive  of  forest  crops. 
Only  10  per  cent  would  require  planting  or  other  artificial  reforesta- 
tion. Cutting  and  turpentining,  however,  have  not  ceased  in  the 
South.  As  earlier  stated,  nearly  5,000,000  acres  of  pine  stands  are 
being  cut  or  destroyed  by  turpentining  each  year.  They  include 
virgm  timber,  forest  already  culled,  and  second  growth.  The  forest 
does  not  renew  itself  spontaneously,  because  these  pines,  unlike  most 
hardwoods,  do  not  sprout  from  the  stump ;  ^^  neither  is  their  seed 
stored  up  in  the  surface  layers  of  the  soil,  ready  to  germinate  when 
the  cuttmg  or  death  of  the  mature  trees  lets  in  enough  sunlight  to 
warm  the  ground. 

If  pineland  is  to  be  kept  productive  after  cutting  or  turpentining 
one  of  three  conditions  must  be  fulfilled : 

(1)  Enough  advance  growth  must  be  present  when  logging  or 
turpentining  is  completed  to  form,  at  maturity,  a  stand  of  a  com- 
mercial value  at  least  equal  to  the  cost  of  growing  it. 

"  Small  shortleaf  pines  are  an  exception,  but  since  the  ability  of  sbortlenf  to  sprout  does 
not  extend  beyond  the  tenth  or  twelfth  year  of  its  life,  at  which  time  the  trees  are  less 
than  4  Inches  in  diameter  at  breasthelght  and  are  rarely  cut  for  any  purpose,  the  state- 
ment holds. 
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(2)  Enough  seed-bearing  trees  must  survive  logging  or  turpen- 
tining to  produce  such  a  stand  within  a  reasonable  time. 

(3)  Planting,  or  other  artificial  methods  of  reforestation,  must  be 
employed  promptly. 

Southern  pineland  bearing  enough  advance  growth  to  produce 
a  crop  that  will  at  least  return  the  cost  of  growing  it  may  be  kept 
productive  by  fire  protection  alone.  Some  of  the  5,000,000  acres, 
mostly  of  shortleaf  and  loblolly  land,  are  in  this  condition.  The 
longer  the  period  that  pineland  has  been  protected  against  fire  before 
the  mature  trees  are  cut  or  cupped  to  death,  the  more  advance 
reproduction  is  present.  Hence,  within  limits,  fire  protection  will  in 
time  do  away  with  the  need  for  seed  trees.  Advance  reproduction 
will  follow  fire  protection  most  abundantly  in  virgin  or  culled 
stands,  where  the  older  trees  are  not  close  enough  together  to  occupy 
all  the  growing  space. 

Information  is  altogether  lacking  as  to  the  number  of  seedlings 
that  should  be  present  before  logging  or  turpentining  is  begun  in 
order  to  insure  adequate  stands  at  the  completion  of  these  opera- 
tions. The  fact  that  logging  slash  may  occupy  up  to  40  per  cent  of 
the  ground  gives  some  indication  of  the  inroads  which  felling  alone 
is  likely  to  make  in  advance  reproduction.  Removal  of  the  cut  ma- 
terial, especially  with  steam  skidders,  inevitably  destroys  young 
growth  and  at  the  very  least  results  in  its  patchy  distribution.  The 
damage  from  turpentining  should  be  much  less,  although  some 
brushing  out  of  underbrush  and  advance  growth  of  pine  is 
unavoidable. 

No  hard  and  fast  rule  can  be  given  for  the  size  of  seedlings  of 
advance  growth  and  the  number  to  the  acre  that  will  justify  failure 
to  leave  seed  trees.  Longleaf  pines  less  than  3  or  4  feet  in  height, 
and  shortleaf,  loblolly,  and  slash  pine  seedlings  less  than  6  to  10  feet, 
are  subject  to  killing  by  so  many  agencies,  including  the  occasional 
fire  that  must  be  counted  upon  even  under  an  efficient  system  of  fire 
protection,  that  as  advance  reproduction  they  should  not  be  con- 
sidered a  safe  risk  on  clear-cut  or  heavily  turpentined  areas.  Such 
seedlings  are  7  or  8  years  old  on  average  sites.  If  600  to  700  longleaf 
pine  seedlings  to  the  acre,  700  to  900  loblolly  or  slash  pine  seedlings, 
or  1,000  to  1,200  shortleaf  pine  seedlings  or  sprouts,  above  these 
heights,  remain  after  logging  and  turpentining  are  completed,  it 
should  be  unnecessary  to  leave  seed  trees.  But  acres  bearing  any 
less  advance  growth  should  be  left  with  seed  trees,  and  under  any 
circumstances  the  presence  of  seed  trees  is  a  valuable  insurance 
against  denudation  should  a  severe  fire  wipe  out  the  advance 
reproduction. 

In  vieAv  of  the  uncertainties  which  attend  its  preservation,  de- 
pendence upon  advance  reproduction  alone  as  a  means  of  keeping 
forest  land  productive  is  rarely  justified.  Planting,  or  any  other 
method  of  artificial  reforestation,  although  proved  successful  under 
favorable  conditions,  is  hardly  more  dependable.  If  a  plantation 
is  not  rigidly  protected,  it  may  be  wiped  out  by  a  single  fire,  and  in 
the  absence  of  seed  trees  the  land  then  remains  unproductive  indef- 
initely. Moreover,  planting  and  sowing  require  a  cash  outlay  which 
is  likely  to  appeal  only  to  those  whose  aim  is  to  obtain  full  timber 
crops  from  their  forest  land.     For  these  reasons  artificial  forestation 
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is  rarely  to  be  considered  a  means  for  keeping  land  barely  pro- 
ductive, but  will  be  discussed  later  in  the  portion  of  this  bulletin 
devoted  to  more  intensive  forestiT  measures. 

The  seed-tree  method  is  by  far  the  surest  and  most  generally 
useful  where  intensive  forestry  is  not  possible.  The  problem  of 
leaving  enough  seed  trees  on  cut-over  pineland  resolves  itself  into 
two  questions:  What  kind  of  a  tree  produces  seed?  How  many 
must  there  be  to  supply  enough  seed  for  satisfactory  natural  re- 
forestation? Plainly  one  question  can  not  well  be  answered,  at 
least  in  a  practical  way,  without  having  the  answer  to  the  other  in 
mind.  It  should  also  be  said  at  the  outset  that  j)resent  information 
does  not  allow  of  final  answers  to  either  question. 

WHAT   IS  A  SEED  TREE? 

The  ideal  seed  tree  is  a  healthy  pine  having  a  long,  vigorous  crown 
with  abundant  foliage.  Its  height  is  of  no  great  importance,  but 
few  pines  of  any  southern  species,  in  virgin,  culled,  or  second-growth 
stands,  produce  abundant  seed  until  they  are  past  8  inches  in 
diameter  at  breastheight,  and  the  majority  not  until  they  are  10  or 
12  inches. 

Because  of  their  full  crowns,  trees  that  have  had  ample  growing 
space  are  to  be  preferred  as  seed  trees  to  those  which  have  been 
crowded  or  have  grown  in  groups.  Such  trees  are  also  better 
braced  against  windfall.  Abundant  foliage  or  straw  is  in  itself  a 
sign  of  vigor,  but  the  best  guaranty  that  a  tree  will  continue 
vigorous  is  a  pointed  tip  to  its  crown.  (PL  9,  A.)  Such  a  tree  is 
making  steady  growth  in  height,  whereas  a  flat-crowned  tree  is  not, 
and  is  probably  on  the  decline  in  general  health.  Decay,  as  indicated 
generally  by  cat  faces  at  the  base  of  a  tree,  or  rotton  knots  at 
various  points,  and  more  surely  by  "  punks  "  on  the  trunk,  makes 
wind  breakage  probable  and  so  disqualifies  the  tree  as  a  seed  pro- 
ducer. For  the  same  reason,  no  tree  chipped  for  turpentine  can  be 
considered  a  satisfactory  tree  to  leave  for  seed  production. 

Unless  a  tree  is  obviously  weakened  by  old  age  or  injury,  the 
presence  of  abundant  cones  or  burs  either  on  the  tree  or  on  the 
ground  under  it  is,  of  course,  conclusive  evidence  that  it  will  be  a 
satisfactory  seed  tree.  In  critical  situations,  as  on  acres  where  no 
more  than  the  lowest  prescribed  number  of  seed  trees  can  be  left,  or 
where  natural  conditions  are  adverse  to  natural  reproduction,  noth- 
ing short  of  this  evidence  should  be  relied  upon  in  selecting  trees 
to  leave  for  seed. 

LONULEAF  Pine  Seed  Trees 

The  seed  crop  in  an  intermediate  seed  year  is  a  safer  index  of 
what  constitutes  a  good  longleaf  seed  tree  than  one  measured  in  a 
heavy  seed  year,  such  as  occurs  with  longleaf  every  seventh  year 
or  so,  for  in  a  heavy  seed  year  trees  of  all  sizes  bear  an  amazing 
numbtir  of  cones. 

Some  light  is  thrown  on  the  relation  of  diameter  to  seed  produc- 
ti(m  of  longleaf  pines  by  a  classific^ation  of  the  trees  on  certain  cut- 
over  lands  in  southern  Mississippi,  made  by  the  Southern  Fore.st 
Experiment  Station  in  11)25.     The  year  IDiii  had  been  a  lair  seed 
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year  for  longleaf  pine  in  this  section,  in  spite  of  droughts.  The  1924 
seed  crop,  as  evidenced  by  cones  on  the  ground  or  still  on  the  trees 
in  early  February,  1925,  was  the  basis  for  classifying  the  trees.  The 
exact  number  of  cones  to  each  tree  was  not  recorded,  but  the  trees 
were  tallied  as  having  either  a  "  scarce  "  or  "  abundant "  supply  of 
cones.  The  tally  on  91  acres,  in  strips  run  at  random  across  6 
miles  of  typical  country,  gave  the  results  recorded  in  Table  5. 

Table  5. — Percentage   of  abundant   seedets,    by   diameter  classes,   armmg  596 
longleaf  pines  on  cut-over  land  in  southern  Mississippi,  1924  seed  crop 


Diameter 
class 

All  trees 

Abundant  seeders 

Diameter 
class 

All  trees 

Abundant  seeders 

Inches 
6 

8 
10 
12 

Number 

97 

91 

167 

156 

Number 
6 

20 
91 
105 

Per  cent 
6 

22 
54 
67 

Inches 
14 
16 
18 

Number 
50 
23 

12 

Number 
39 
21 
10 

Per  cent 

78 
91 
83 

The  longleaf  pines  on  12  acres  of  less  closely  logged  land  in 
southern  Alabama  were  classified  as  to  1924  cone  production  in  a 
similar  study  by  the  station.  Trees  bearing  less  than  25  cones 
Avere  considered  poor  seed  producers;  those  bearing  25  to  100,  me- 
dium; and  those  bearing  more  than  100,  good.  The  tally  and 
percentages  of  good  and  medium  trees  are  given  in  Table  6. 


Table  6. — Percentage  of  good  and  medium  seed  producers,  by    diameter 

among  291  longleaf  pines  on  cut-over  land  in  southern  Alabama,  1924  seed 
crop 


Total 

Total 

Diame- 

Good 

Medium 

good  and 

Diame- 

Good 

Medium 

good  and 

ter 

All  trees 

pro- 

pro- 

medium 

ter 

All  trees 

pro- 

pro- 

medium 

class 

ducers 

ducers 

pro- 
ducers 

class 

ducers 

ducers 

pro- 
ducers 

Inches 

Number 

Number 

Number 

Per  cent 

Inches 

Number 

Number 

Number 

Per  cent 

6 

24 

2 

2 

17 

14 

57 

23 

22 

79 

8 

53 

2 

11 

25 

16 

48 

31 

14 

94 

10 

62 

5 

28 

63 

18 

17 

11 

4 

.       88 

12 

46 

22 

14 

78 

It  is  evident  from  Tables  5  and  6  that  on  the  areas  studied, 
Avhich  are  believed  to  be  representative  of  average  soil  and  climatic 
conditions  in  the  longleaf  pine  belt,  only  about  25  per  cent  of  8-inch 
trees  on  old  cuttings  can  be  counted  upon  to  seed  abundantly  in 
intermediate  seed  years,  and  that  not  all  10-inch  or  even  12-inch 
trees  are  good  seeders.  Hence  only  selected  trees,  10  inches  or 
larger,  can  be  counted  upon  as  seed  trees  in  virgin  stands.  It  is 
of  course  true  that  the  evidence  cited  above  against  small  trees  was 
collected  in  cut-over  lands  or  in  culled  virgin  stands,  and  that  the 
average  small  longleaf  pine  in  a  virgin  stand  might  do  better  if  left 
as  a  seed  tree.  On  the  other  hand,  although  many  of  the  trees 
studied  were  originally  the  runts  and  culls  of  the  virgin  forest,  yet 
during  the  20  or  more  years  since  the  forest  was  cut  away  around 
them  they  have  groAvn  under  conditions  favoring  seed  production. 
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The  limited  evidence  available  does  not  warrant  regarding  as 
good  seed  producers  10  and  12  inch  longleaf  pines  in  second-growth 
stands.  On  the  other  hand  it  shows  no  substantially  greater  ability 
for  seed  production  among  trees  up  to  16  inches  d.  b.  h.  Cone  counts 
on  upwards  of  1,600  second-growth  trees,  7  to  16  inches  in  diameter, 
have  been  made  at  the  Starke  (Fla.)  branch  of  the  Southern  Forest 
Experiment  Station  in  several  years  since  1923.  Although  widely 
spaced  trees  proved  to  be  markedly  better  cone  producers  than  those 
which  were  crowded,  the  largest  average  production  for  any  diam- 
eter group — 37  cones  per  tree  for  20  open-grown  trees  averaging 
12.5  inches,  in  the  good  seed  year  1929 — was  not  encouraging.  In- 
asmuch as  these  pines  were  generally  less  than  40  years  old,  and 
observers  of  other  s])ecies  have  set  age  limits,  rather  than  size  limits, 
for  good  seed  production  (^,  ^^),  it  is  possible  that  these  trees  were 
too  young.  Whatever  the  explanation,  it  is  evident  that  in  second- 
growth  longleaf  stands  seed  trees  must  be  selected  with  unusual 
care,  and  must  be  open-grown  trees  of  somewhat  larger  size  than  in 
virgin  or  culled  stands.  Fortunately  the  greater  number  of  trees 
to  the  acre  in  young  stands  generally  affords  a  wider  selection  of 
trees  than  in  virgin  stands. 

Shortleaf  Pine  Seed  Trees 

Shortleaf  pine  produces  cones  more  often,  more  uniformly,  and 
more  abundantly  than  longleaf.  It  is  well  to  remember,  however,  in 
judging  the  comparative  production  of  the  two  species  from  a  cone 
count,  that  the  seeds  in  a  shortleaf  cone  are  fewer  than  in  a  longleaf 
cone,  and  that  whereas  the  cones  may  remain  on  the  branches  of  the 
shortleaf  for  years,  they  fall  from  the  longleaf  very  promptly.  A 
tally  of  the  cone  crop  on  a  small  area  of  pure  longleaf  pine  and, 
partly  virgin  timber  and  partly  cut  over,  in  the  foothills  of  the 
Ouachita  Mountains  of  Arkansas  is  shown  in  Table  7.  The  cone 
crop  of  1925  was  a  representative  one  in  this  region,  but  since  it  was 
impossible  to  count  the  new  cones  only,  the  total  number  of  cones 
remaining  on  the  tree  was  used  as  a  basis  for  the  tally.  Trees  bear- 
ing less  than  100  cones  were  considered  poor  seed  producers;  those 
bearing  100  to  500,  medium ;  and  those  bearing  over  500,  good. 

Table  7. — Percentage  of  good,  mid  good  and  nwdUim,  seed  producers,  6//  diatiu 
eter  classes,  anuyng  811  shortleaf  pines  on  vinji/n  and  cut-over  land  in  west- 
central  Arkansas 


Diameter 
breast 
high 

Good  producers 

Good  and  medium 
producers 

Diameter 
breast 
high 

Good  producers 

Good  and  medium 
producers 

Virgin 
timber 

Cut-over 
land 

Vlreln 
timber 

Cut-over 
land 

Virgin 
Umber 

Cut-over 
laud 

Virgin 
timber 

Cut-over 
land 

Indies 

0 

8 
10 
12 

Per  cent 

0 

3 
10 
10 

Per  cent 
0 
0 
10 
71 

Per  cent 

10 
21 
40 

Per  cent 

0 

5 

30 
86 

Inches 
14 
16 
18 

Percent 
33 
45 
50 

Percent 

75 
(') 
100 

Percent 
60 
69 
71 

Percent 
76 
(') 
100 

>  No  data. 
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Table  T  in  itself  would  indicate  that  shortleaf  trees  below  12 
inches  in  diameter  can  not  be  counted  upon  to  produce  seed  abun- 
dantly. However,  it  should  be  understood  that  the  low  rocky  hills 
in  which  this  study  was  made,  although  not  representative  of  the 
poorest  situations  in  which  shortleaf  occurs,  are  by  no  means  as 
favorable  to  growth  and  reproduction  of  the  pine  as  the  sandy  lands 
of  the  coastal  plain.  In  the  greater  part  of  the  cut-over  territory 
covered  by  this  discussion  selected  shortleaf  trees  from  10  inches 
d.  b.  h.  up  should  produce  satisfactory  quantities  of  seed.  Table  7 
shows  that  in  a  virgin  stand  seed  production  is  less  than  in  cut-over 
land,  and  therefore  larger  trees  should  be  left  for  seed  wherever 
advance  reproduction  is  not  abundant  in  the  virgin  forest. 

Provided  trees  with  long  and  vigorous  tops  are  selected,  general 
observation  indicates  that  shortleaf  pines  10  inches  in  diameter 
should  make  good  seed  trees  in  second-growth  stands.  The  average  10- 
inch  tree  in  such  stands,  particularly  on  old  fields,  has  been  so 
crowded  that  it  has  a  short  and  thin  crown,  and  makes  a  poor  tree 
for  prompt  seed  production.  The  absence  of  advance  reproduction 
makes  it  all  the  more  necessary  to  leave  trees  already  in  bearing. 

Loblolly  and  Slash  Pine  Seed  Trees 

Wide  observation,  but  little  specific  evidence,  indicates  that  both 
loblolly  and  slash  pines  begin  to  bear  good  crops  of  seed  when  10  to 
12  inches  in  diameter  at  breastheight.  A  10-inch  limit  may  therefore 
be  used  with  these  species  in  both  virgin  and  second  growth;  the 
seed  trees  must  of  course  be  selected  specimens,  and  as  old  as  possi- 
ble.    Some  should  be  above  the  limit,  as  with  longleaf  and  shortleaf. 

NUMBER  AND  DISTRIBUTION  OF  SEED  TREES 

No  inflexible  rule  can  be  drawn  as  to  the  number  of  seed  trees  per 
unit  of  area  which  must  be  left  in  order  to  obtain  reasonably  good 
restocking.  Small  cuttings — probably  up  to  5  acres — may  be  made 
without  reserving  seed  trees,  provided  there  are  abundant  seed  trees 
on  adjacent  land.  In  farm  woodlands  where  thorough  fire  protec- 
tion may  be  counted  upon,  a  few  large  bushy  trees  along  fence  rows 
or  in  neglected  corners  may  effectively  seed  considerable  openings. 
Again,  a  strip  of  land  bordering  a  solid  belt  or  large  group  of  seed- 
bearing  trees  which  are  certain  to  remain  uncut  for  several  years 
will  need  no  other  source  of  seed.  (PL  9,  B.)  This  strip  may  be 
as  much  as  200  to  300  feet  wide.  The  areas  studied  as  a  basis  for 
this  statement  were  in  most  instances  to  the  south  of  the  seed  trees. 
However,  there  is  reason  to  doubt  whether  good  seeding  would  take 
place  any  further,  even  down  the  southwest  wind  that  prevails 
throughout  most  of  the  year. 

The  number  of  seed  trees  needed  on  any  particular  tract  will 
depend  on  many  conditions,  and  of  course,  may  vary  within  the 
tract.  For  example,  on  shortleaf  lands,  where  advance  reproduction 
is  generally  well  developed  and  evenly  distributed  over  the  area, 
fewer  seed  trees  will  be  necessary  than  in  the  average  longleaf  pine 
forest,  where,  as  a  result  of  years  of  burning,  young  trees  are  con- 
spicuous by  their  absence.  Again,  one  large  tree,  16  to  18  inches  in 
diameter  at  breastheight,  will  probably  bear  four  times  as  much  seed 
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as  a  tree  of  equal  vi^or  but  only  10  or  12  inches  in  diameter.  If 
none  of  the  smaller  size  are  present  on  the  acre,  the  single  large  tree 
may  have  to  be  left  for  seed  instead.  As  between  one  large  tree 
and  several  smaller  ones,  the  choice  will  ordinarily  be  in  favor  of 
the  small  trees,  partly  because  of  the  smaller  value  represented  in 
them  as  a  result  of  less  volume  and  lower  quality,  and  partly  because 
various  agencies,  such  as  lightning,  which  rather  frequently  strikes 
isolated  trees  in  logged-over  land,  are  less  likely  to  wipe  out  the 
seed  supi)ly  on  the  acre  concerned.  Frequently  two  trees  well  located 
will  throw  seed  more  effectively  over  the  surrounding  area  than  four 
trees  more  or  less  grouped.  On  good  sites,  where  the  percentage  of 
seedlings  which  normally  survive  the  vicissitudes  of  youth  is  com- 
paratively high,  fewer  seed  trees  are  necessary  than  on  a  poor  site. 

In  cut-over  areas  or  abandoned  turpentine  orchards  of  more  than 
5  acres,  2  to  4  satisfactory  seed  trees  to  the  acre  appear  necessary 
on  shortleaf ,  loblolly,  or  slash  pine  land,  and  not  less  than  4  on  long- 
leaf  land.  No  rigid  proof  can  be  submitted  for  this  statement,  how- 
ever,' for  it  is  almost  impossible  to  find  in  nature  extensive  areas 
of  cut-over  land  which  have  these  numbers,  and  only  these  num- 
bers, of  trees  meeting  the  full  requirements  for  seed  trees,  and  in 
which  fires  or  other  destructive  agencies  have  not  been  at  work. 
Conditions  must  be  created  artificially  to  test  the  sufficiency  or  in- 
sufficiency of  seed  trees  of  a  certain  kind  and  in  certain  number 
before  conclusive  proofs  can  be  offered.  The  Southern  Forest  Ex- 
periment Station  has  some  such  experiments  under  way,  but  not 
enough  time  has  passed  to  permit  of  any  final  conclusions.  In  the 
meanwhile,  fragmentary  evidence  and  general  observation  must  be 
relied  upon. 

The  unit  of  reforestation  need  not  always  be  as  small  as  the  acre, 
at  least  for  shortleaf,  loblolly,  and  slash  pines.  For  such  light-seeded 
and  prolific  species  areas  of  2  or  3  acres  are  sufficiently  small.  That 
is,  6  to  12  seed  trees  should  reforest  3  acres,  although  on  1  of  the 
3  acres  there  may  be  none.  In  the  majority  of  farm  woodlands  even 
these  units  may  be  disregarded. 

Seed  trees  of  the  number  and  size  believed  necessary  to  reforest  a 
tract  of  southern  pine  are  not  always  present  at  the  time  of  cutting, 
especially  on  culled  or  cut-over  land  from  which  poles,  crossties,  or 
products  other  than  saw  logs  are  to  be  taken.  A  poor  selection  of 
seed  trees  is  also  characteristic  of  virgin  stands  on  very  poor  sites. 
An  acre  of  virgin  timber  on  an  average  or  good  site  will  rarely  be 
without  suitable  trees,  although  occasionally  trees  of  some  size  and 
commercial  value  will  have  to  be  reserved.  How  often  this  will 
occur  may  be  judged  by  a  comparison  of  the  number  of  trees  of  seed- 
bearing  size  (9  to  12  inches  d.  b.  h.)  on  the  average  acre  in  virgin 
tracts  with  tne  number  on  individual  acres.  Figures  3,  4,  and  6 
may  be  used  for  this  comparison. 

The  dotted  line  in  Figure  4,  B,  which  represents  the  same  tract  of 
virgin  longleaf  pine  in  central  Alabama  as  block  A,  Figure  6,  shows 
that  on  the  average  acre  the  total  number  of  trees  9  to  12  inches  in 
diameter  is  about  6.5.  Block  A,  however,  shows  that  althou<jh  94.5 
per  cent  of  160  individual  acres  for  which  data  are  available  bore  at 
least  1  tree  within  this  range  of  size,  only  81.5  per  cent  bore  moi*e 
than  3  trees ;  67  per  cent  more  than  5  trees ;  and  less  than  67  per  cent 
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the  average  number,  6.5,  or  more.  It  is  evident  then,  even  conceding 
that  9  inches  is  large  enough  for  a  seed  tree,  that  every  one  of  the  9 
to  12  inch  trees  would  have  to  meet  the  other  requirements  for  a 
seed  tree  and  be  reserved  from  cutting  if  as  many  as  81  acres  out 
of  100  were  to  be  left  in  a  condition  to  reproduce  satisfactorily. 
Either  that,  or  trees  over  12  inches  must  be  reserved.  If  at  least  6 
trees  within  the  diameter  range  of  9  to  12  inches  must  be  present  in 
order  to  make  possible  the  selection  of  4  satisfactory  seed  trees,  only 
2  out  of  3  acres  could  be  left  in  shape  to  reproduce.  In  other  words, 
assuming  that  in  an  open  forest  such  as  this  4  out  of  6  trees  of  these 
diameters  are  real  seed  trees,  it  is  safe  to  say  that  on  about  a  thii-d 
of  the  acres  trees  13  inches  in  diameter  or  larger  must  be  left  for 
seed. 

Block  B,  Figure  6,  in  a  relatively  small  sample  of  virgin  long- 
leaf  pine  in  southern  Mississippi,  in  which  the  tally  was  by  2-acre 


160  INDIVIDUAL  ACRES  OF  LONGLEAF  PINE  LAND  IN  CENTRAL  ALABAMA 
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Figure  6. — Tally  of  the  trees  9  to  12  inches  d.  h.  h.  in  typical  virgin  tracts  shows 
that  a  large  percentage  of  individual  acres  present  no  serious  problem  in  sm-d- 
tree  selection. 


units,  shows  about  the  same  percentage  of  units  with  six  trees  or  more 
as  does  the  Alabama  tract,  but  10  per  cent  fewer  units  with  four  or 
more. 

Virgin  stands  of  shortleaf  pine  on  fair  sites  are  far  more  apt 
to  present  a  good  choice  of  two  seed  trees  than  most  longleaf  stands 
of  four.  Diagram  A  (fig.  Z)  and  block  C  (fig.  6)  represent  the 
same  virgin  shortleaf  stand  in  central  Arkansas.  The  125  acres, 
representative  of  a  much  greater  acreage,  averaged  about  9.5  trees 
between  9  and  12  inches  in  diameter.  Ninety-one  per  cent  of  the 
individual  acres  bore  at  least  two  trees  of  these  sizes,  and  about  77 
per  cent  at  least  four.  If  two  out  of  four  trees  will  produce  seed 
satisfactorily,  it  should  be  necessary  to  go  above  the  12-inch  diameter 
for  seed  trees  on  perhaps  only  1  acre  out  of  5.  One  good  seed  tree 
of  14  to  16  inches  to  the  acre  is  believed  to  be  enough,  unless  the 
site  is  very  poor. 
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Block  D  (fig.  6)  represents  a  large  sample  of  virgin  loblolly  pine 
land  in  Texas,  on  which  conditions  are  nearly  as  favorable  for  the 
selection  of  seed  trees  as  they  are  on  shortleaf  areas.  Although  there 
is  no  specific  information  available  on  the  condition  of  virgin 
slash  pine  stands,  thev  are  believed  generally  to  occupy  a  position 
midway  between  longleaf  and  the  other  two  species  with  respect  to 
availability  of  seed  trees. 

Second-growth  stands  of  any  species  of  southern  pine  are  rarely 
cut,  even  For  pulpwood,  before  a  considerable  number  of  trees  have 
reached  10  or  12  inches  in  diameter.  In  fully  stocked,  even-aged 
stands  on  average  sites,  at  least  two  trees  of  12  inches  d.  b.  h.  have 
developed  by  the  time  loblolly  and  slash  pine  stands  reach  25  years, 
and  at  least  three  by  the  time  longleaf  and  shortleaf  stands  reacli 
35  years  of  age.  The  vast  majority  of  second-growth  areas  are  not 
fully  stocked,  and  are  more  or  less  open.  Since  the  tendency  of 
all  open  stands  is  to  develop  individual  trees  to  any  particular 
diameter  at  an  earlier  age  than  in  crowded  stands,  and  since  the 
more  open  the  stand  the  longer  and  more  vigorous  the  top,  the 
selection  of  seed  trees  of  proper  size  and  character  ought  rarely  to  be 
a  problem  in  second  growth  not  previously  turpentined. 

Turpentined  stands,  on  the  other  hand,  will  often  present  a 
problem  in  the  selection  of  seed  trees.  In  current  turpentining 
many  trees  as  small  as  6  inches  are  cupped,  and  a  tract  of  second- 
growth  slash  or  longleaf  pine  is  rare  in  which  cupping  has  not 
begun  on  all  trees  above  10  inches.  All  that  can  be  done  is  to  leave 
an  extra  large  number  of  trees  above  10  inches  for  seed,  and  to 
continue  to  rake  about  them  yearly,  on  the  chance  that  they  will 
remain  standing  long  enough  to  reforest  the  land.  Trees  are  par- 
ticularly subject  to  wind  breakage  which  show  on  the  surface  of 
the  old  face  or  elsewhere  the  oval  holes  about  the  size  of  a  lead 
pencil  where  boring  insects  have  emerged. 

HOW   PRESENT    LOGGING   PRACTICE   AFFECTS   NATURAL   REPRODUCTION 

Cutting  Limits 

Even  at  the  present  time,  when  the  markets  for  nearly  all  grades 
of  southern  pine  lumber  have  improved  to  a  point  undreamed  of  20 
years  ago,  there  is  still  a  great  diversity  of  cutting  policies  among 
large  lumber  manufacturers.  Although  the  majority  operating  in 
virgin  timber  do  not  cut  any  trees  which  will  not  make  a  long  log  8 
inches  in  diameter  at  the  small  end,  some  cut  to  an  8-inch  limit  on 
the  stump.  In  second  growth  the  cut  is  in  general  to  a  much  lower 
limit  than  in  virgin  timber,  many  mills  in  Virginia  and  North  Caro- 
lina bringing  in  short  logs  as  small  as  5  or  6  inches  at  the  upper  end. 

The  majority  of  manufacturers  cutting  logs  of  the  smaller  sizes 
mentioned,  particularly  outside  of  Virginia  and  the  Carolinas,  admit 
freely  that  if  there  were  nothing  but  small-log  trees  in  a  stand  it 
would  not  pay  to  cut  them.  But  they  argue  that  they  obtained  these 
trees  stumpage  free,  particularly  if  they  have  held  the  timber  over 
any  length  of  time,  and  that  since  every  board  foot  cut  from  a  given 
logging  unit  reduces  by  so  much  the  cost  per  thousand  feet  of  rail- 
road construction  and  general  overhead  of  the  entire  operation,  they 
can  afford  to  bring  in  otherwise  unprofitable  stuff.    The  fact  that 
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companies  with  short  lives  ahead  of  their  mills  can  not  cut  the 
smaller  trees  at  all  if  they  do  not  cut  them  now,  has  been  used  as  an 
additional  argument  in  favor  of  cutting  them. 

On  the  other  hand,  Ashe  (5)  has  found  from  carefully  conducted 
studies  of  good-sized  operations  in  the  Carolinas  that  the  various 
steps  in  converting  standing  shortleaf  pine  trees  into  lumber  cost 
from  two  to  four  times  as  much  per  thousand  feet  when  the  trees 
used  are  8  inches  in  diameter  as  when  they  are  20  inches.  Increased 
overhead  he  finds  to  be  more  than  offset  by  higher  prices  received 
for  the  lumber  when  the  smaller  trees  in  a  stand  are  not  cut.  Pre- 
liminary studies  conducted  in  large  virgin  longleaf  operations  by 
the  Louisiana  Department  of  Conservation  confirm  Ashe's  findings, 
as  does  Garver's  and  Miller's  intensive  research  ^*  among  small  mills 
in  Arkansas.  That  higher  limits  of  cutting  than  those  commonly 
observed  are  economical,  particularly  for  companies  which  intend  to 
return  over  the  same  land  in  15  or  20  years,  has  been  demonstrated 
to  their  own  satisfaction  by  at  least  half  a  dozen  substantial  manu- 
facturers of  virgin  and  second-growth  pine  in  Arkansas,  Louisiana, 
Mississippi,  and  Alabama.  This  unprofitableness  in  the  cutting  of 
small  timber  is  discussed  in  more  detail  later,  in  connection  with  the 
measures  necessary  to  produce  full  timber  crops. 

Small  sawmill  operators  on  the  whole  probably  have  fewer  incen- 
tives to  cut  small  trees  than  manufacturers  with  a  heavy  investment 
in  railroads  and  overhead,  and  do  not  cut  to  as  low  diameter  limits 
as  many  large  millmen. 

The  limit  set  for  saw-timber  cutting,  however,  does  not  by  any 
means  determine  the  number  of  trees  left  standing  at  the  close  of 
felling  operations.  Many  trees  too  small  for  saw  timber  are  cut  for 
other  reasons,  and  under  some  circumstances  a  few  uncut  trees  are 
broken  and  uprooted  when  their  neighbors  are  felled.  Tram  opera- 
tions require  the  cutting  of  a  very  large  number  of  crossties  and 
shim  poles.^^  On  nearly  every  kind  of  logging  job  a  considerable 
number  of  small,  straight  trees  are  cut  for  such  miscellaneous  pur- 
poses as  corral  or  lot  construction,  skid  poles,  car  stakes,  and  fuel. 
All  trees  are  removed  from  strips  50  to  200  feet  wide  along  spurs 
and  main  lines  on  tramroad  operations,  and  from  roads  and  loading 
grounds  on  wagon  jobs. 

The  accidental  loss  of  uncut  trees  when  their  neighbors  are  felled 
has  been  recorded  in  three  brief  studies,  by  the  Southern  Forest  Ex- 
periment Station,  of  animal-logged  areas  in  Texas,  Louisiana,  and 
Mississippi.  The  cuttings  examined  were  all  in  virgin  timber,  that 
in  Texas  in  shortleaf,  the  others  in  longleaf  pine.  Although  in  the 
three  States  20,  30,  and  36  per  cent,  respectively,  of  the  trees  left, 
including  those  as  small  as  4  inches  in  diameter,  lost  small  limbs  and 
bark  when  trees  were  felled  against  them,  very  few  were  broken  or 
uprooted.  The  greatest  damage  was  in  longleaf  stands  in  which  the 
felled  trees  were  above  average  size.  On  nearly  200  acres  of  virgin 
timber  in  Louisiana,  cut  for  the  experiment  station  and  animal- 
logged,  only  one  tree  of  the  many  reserved  for  seed  was  destroyed  by 
the  loggers ;  the  tract  included  all  types  of  forest  from  pure  longleaf 

"Garver.  R.  D..  and  Miller,  R.     Op.   cit..  p.   22. 

15  Shim  poles  are  round  sticks,  generally  a  little  longer  than  ties,  placed  under  the  rails 
or  ties  in  boggy  places. 
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to  mixtures  of  shortleaf  and  loblolly,  and  loblolly  and  hammock- 
land  hardwoods.  The  cutting  was  given  exceptionally  close  super- 
vision, however. 

Operations  for  smaller  timber  than  saw  logs  often  results  in  de- 
nudation. Upwards  of  20,000,000  crossties  of  southern  pine  were 
cut  in  1927.  Many  of  these  ties  came  from  light  stands  operated 
solely  for  this  product,  the  cutting  being  practically  clear.  On  thou- 
sands of  acres  throughout  the  southern  pine  belt  large  quantities  of 
I)oles  and  piling  are  cut  every  year  from  the  scattered  tall,  slim 
pines  left  from  earlier  operations,  thus  robbing  the  land  of  its  re- 
maining source  of  seed.  An  increasing  acreage  of  second-growth 
southern  pine  is  cut  to-day  for  pulpwood,  and  many  of  the  pulpwood 
cuttings  do  not  utilize  merely  a  part  of  the  stand,  as  in  a  thinning, 
but  every  tree  above  a  diameter  of  4  to  6  inches  on  the  stump. 

SKIDDING  AND  IIAUUNO 

The  variation  in  metliods  of  transporting  logs  from  stump  to 
track  in  tramroad  operations,  or  from  stump  to  mill,  is  as  wide  as 
the  variation  in  cutting  practice.  Some  tramroad  operators  use  ani- 
mals altogether,  either  on  short  ground  hauls  direct  to  the  track  or 
in  the  greater  number  of  instances  with  high  w^heels,  bummers,  or 
wagons.  Others  depend  entirely  upon  steam-skidding  devices.  Fre- 
quently a  combination  will  be  employed,  the  equipment  being  fitted 
to  the  conditions  encountered  at  any  one  point.  Tractor  logging  is 
so  uncommon  in  the  southern  pineries  that  its  discussion  here  is  un- 
necessary. Gasoline  skidding,  common  in  wet  land  in  parts  of  the 
South,  differs  little  from  steam  skidding,  except  that  it  does  not 
require  a  tram  or  logging  railroad,  the  logs  being  hauled  on  wagons 
from  the  skidder  to  the  mill.  High  wheels  and  wagons  are  the  com- 
mon equipment  for  getting  logs  out  of  the  woods  on  small  sawmill 
operations  and  for  moving  poles,  piling,  ties,  and  cordwood. 

The  choice  of  steam  or  animals  for  moving  logs  to  a  tram  is  ordi- 
narily based  on  essential  differences  in  local  conditions.  Heavy 
stands  of  timber,  such  as  virgin  longleaf  pine,  which  may  run  10,000 
to  15,000  feet  to  the  acre  over  large  areas,  are  logged  with  steam 
skidders  at  what  is  generally  believed  to  be  a  saving  over  the  cost 
of  animal  logging.  The  volume  per  acre  below  which  it  is  no  longer 
])rofitable  to  employ  steam  devices  has  never  been  accurately  deter- 
mined for  southern  conditions.  The  length  of  log  usually  cut  has  con- 
siderable influence  on  the  choice  of  animals  or  steam,  since  it  is  difti- 
cult  to  handle  long  logs  with  animals,  and  there  is  a  lowering  of 
efliciency  in  skidding  short  logs  by  steam.  Again,  ground  conditions 
are  often  a  determining  factor  in  the  choice.  In  rough  or  rocky 
country  the  cost  of  building  roads  for  vehicles  is  excessive,  and,  pro- 
vided the  stand  is  heavy  enough,  steam  skidding  may  be  an  economy; 
also  in  swampy  areas  the  footing  is  such  during  the  greater  part  of 
the  year  as  to  make  the  use  of  animals  for  hauling  or  for  returning 
tongs  from  steam  skidders  to  the  woods  out  of  the  question.  Exces- 
sive brush  may  hamper  animal  logging. 

Movement  of  forest  ])r()ducts  with  animals  does  little  damage  to 
uncut  trees  excei)t  to  bark  a  few  along  roads  with  the  hubs  of  high 
wheels  and  wagons,    The  cutting  of  advance  reproduction  and  un- 
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merchantable  trees  in  connection  with  animal  logging  has  already 
been  described. 

Under  one  method  of  steam  skidding  widely  used  in  the  South  the 
logs  are  dragged  in,  fanwise,  straight  to  the  skidder  from  points  up 
to  about  700  feet  away,  and  a  horse  or  mule  is  employed  to  return  the 
tongs  to  the  woods.  The  destruction  of  advance  reproduction  and  un- 
cut trees  which  results  from  the  convergence  of  the  lines  from  every 
direction  at  the  skidder  is  complete  near  the  track,  but  farther  back 
it  seems  possible  to  avoid  such  damage  by  choosing  a  route  for  the 
logs  to  be  skidded  which  does  not  pass  directly  by  or  through  the 
growth  to  be  saved.  By  passing  the  cable  around  stumps  and 
snags  the  incoming  logs  can  sometimes  be  shunted  past  seed  trees 
or  reproduction. 

Two  examples  of  damage  by  ground-line  skidders  with  horse  or 
mule  outhaul  may  be  cited.  On  both  these  jobs  a  conscientious  effort 
to  avoid  injuring  standing  trees  was  made  by  the  woods  crews.  The 
first  is  in  virgin  longleaf  timber  in  eastern  Louisiana  and  southern 
Mississippi,  where  the  trees  removed  were  few  in  number  but  of 
large  size,  and  where  an  average  of  14  trees,  4  inches  in  diameter 
or  larger,  were  uncut.  A  26-acre  sample  was  obtained  in  the  course 
of  a  strip  survey  extending  1%  miles.  Felling  and  skidding  to- 
gether destroyed  outright  19  per  cent  of  the  uncut  trees  and  bruised 
an  additional  41  per  cent.  Only  40  per  cent  therefore  remained 
uninjured,  in  contrast  to  the  average  of  67  per  cent  left  uninjured 
on  the  two  animal-logged  areas,  previously  referred  to,  in  the  same 
locality.  Since  felling  was  done  with  equal  care  in  all  cases,  this 
shows  that  at  least  27  per  cent  of  the  uncut  trees  were  damaged  by 
the  skidding  alone.  It  should  be  particularly  noted  that  much  of 
the  damage  amounted  to  complete  destruction. 

The  same  type  of  skidder  working  in  a  heavy  pole  stand  of  long- 
leaf  pine  in  southern  Alabama,  from  which  nearly  all  the  large 
trees  had  been  culled»in  previous  years,  also  left  uninjured  40  per 
cent  of  the  uncut  trees,  but  destroyed  46  per  cent.  The  fact  that  50 
pines  per  acre  4  inches  in  diameter  and  over  were  left  uncut  in  this 
instance  accounts  for  the  heavy  loss. 

Under  a  second  method  of  steam  skidding  commonly  used  in  the 
South  the  tongs  or  chokers  are  returned  to  the  woods  by  means  of  a 
light  rehaul  cable.  The  tail  trees  are  generally  placed  about  80  to 
100  feet  apart,  at  distances  of  500  to  900  feet  from  the  railroad.  A 
rehaul  skidder  moves  up  fairly  frequently,  so  that  the  logs  are 
removed  from  a  piece  of  ground  more  nearly  oblong  than  triangular. 
Hence  the  destruction  of  young  growth  and  standing  trees  does  not 
vary  so  much  with  distance  from  the  skidder  as  in  the  first  method. 
The  tongs  are  carried  back  to  the  logs  by  hand  from  the  skidder 
lane,  and  the  logs  are  hauled  obliquely  into  the  lane,  with  consequent 
injury  to  everything  in  their  path.  Once  in  the  lane,  the  logs,  of 
course,  come  straight  to  the  track. 

Trees  along  the  skidder  lane  are  almost  invariably  so  badly  bat- 
tered by  the  incoming  logs  as  to  die  at  once  or  at  the  best  to  live  in  a 
very  weakened  condition.  Although  the  lines  do  not  converge  at 
the  skidder,  this  destruction  becomes  more  certain  near  the  track 
because  the  trees  there  are  exposed  to  injury  by  more  logs  than  those 
farther  back.     From  a  few  experimental  records  and  in  the  opinions 
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of  lumbermen  themselves,  it  seems  likely  that  destruction  of  uncut 
trees  is  as  great  with  a  rehaul  skidder  as  with  a  ground-line  (animal 
outhaul)  skidder.  Gasoline  skidders  can  not  differ  materially  in 
this  respect  from  steam  skidders. 

A  modification  of  the  rehaul  method  is  occasionally  employed 
where  it  is  the  practice  to  cut  short  logs.  It  consists  of  placing  the 
tail  trees  rather  far  apart  and  bunching  the  logs  in  the  skidder  runs 
with  animals.  The  mechanical  advantages  of  this  method  are  the 
less  frequent  changes  in  the  tail  trees  and  moving  up  of  the  skidder, 
the  greater  opportunity  for  bringing  in  a  number  of  small  logs 
w^ith  the  use  of  a  choker,  and  a  practical  elimination  of  the  delay  in 
carrying  the  tongs  back  from  the  skidder  runs  to  logs  at  some  dis- 
tance from  it.  The  method  has  decided  advantages  from  the  timber- 
growing  point  of  view,  since  onl^  those  trees  are  badly  bruised  by 
incoming  logs  which  are  located  immediately  along  the  skidder  run. 
This  method  of  steam  skidding  was  used  for  a  time  by  one  of  the 
earliest  exponents  of  timber  growing  in  the  South,  with  a  marked 
saving  of  young  growth  and  standing  trees. 

PRESENT  TURPENTINING  PRACTICE  AND  SEED  TREES 

In  the  western  part  of  the  southern  pine  belt  the  great  bulk  of 
longleaf  and  slash  pine  stands  are  in  the  hands  of  lumber  companies 
which  rarely  permit  their  timber  to  be  chipped  for  naval  stores  for 
more  than  two  or  three  years  before  it  is  cut.  A  very  high  propor- 
tion is  virgin  timber.  Since  under  the  terms  of  his  contract  the  tur- 
pentine operator  in  this  region  is  generally  required  by  the  owner  to 
pay  for  trees  which  die  as  a  result  of  turpentining,  he  exercises  con- 
siderable care  in  chipping  and  other  steps  in  the  operation.  Loss  of 
timber  is  accordingly  light,  in  spite  of  the  fact  that  narrow-sap 
timber  such  as  is  represented  by  virgin  stands  is  susceptible  to  injury 
in  these  processes.  In  Texas,  Louisiana,  Mississippi,  and  a  part  of 
Alabama  turpentining  is  entirely  secondary  to  logging  in  the  all-too- 
common  reduction  of  pinelands  to  barrenness. 

Conditions  are  very  different  in  the  eastern  part  of  the  southern 
pine  belt,  where  the  greater  part  of  the  turpentine  woods  is  second 
growth.  It  is  the  common  practice  here  to  chip  front  f aces  ^^  for 
four  years  or  more  and  then  to  back  face  the  same  trees  for  an  equal 
period.  Also,  under  the  practice  of  yearly  burning,  the  eastern 
orchards  are  scourged  by  fire  for  many  years  before  abandonment, 
instead  of  only  for  two  or  three  years,  as  in  the  western  territory. 
Again,  a  much  smaller  percentage  of  the  merchantable  timber,  par- 
ticularly second  growth,  is  held  by  lumber  companies,  and  the  cut- 
ting of  saw  logs,  crosstieSj  and  other  products  is  generally  a  process 
of  salvage  after  turpentining  is  completed. 

Enormous  loss  of  second-growth  slash  and  longleaf  pines  in  the 
eastern  territory,  particularly  in  Georgia  and  Florida,  results  from 
the  destructive  turpentining  methods  commonly  used.  The  destruc- 
tion formerly  wrought  by  the  use  of  boxes  is  now  equaled  if  not 
exceeded  by  that  which  follows  abuse  of  the  cup  and  gutter  system. 

lerpijp  fjice  or  facoa  placed  on  a  "round"  tree,  or  one  which  has  never  before  been 
turpentined,  are  called  "  front  faces."  Any  faces  later  placed  on  the  tree  are  called 
**  back  faces." 
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Gutters  are  driven  unnecessarily  deep  into  trees,  chipping  is  often  as 
deep  as  1  or  1%  inches,  and  faces  are  run  together,  eliminating  the 
bark  bars.  These  practices  not  only  lower  the  vitality  of  every  tree 
by  greatly  impeding  the  circulation  of  sap  (not  gum)  within  it,  but 
also  weaken  the  small  trees  mechanically.  Lowered  vitality  results 
in  "  dry-facing,"  a  condition  which,  together  with  excessive  scraping 
of  the  longleaf  faces  at  the  end  of  the  season,  allows  both  boring  in- 
sects and  rot  to  enter  the  trees.  These  soon  reduce  the  outwardly 
sound  tree  to  a  mere  shell  surrounding  a  core  of  worthless  material. 
Raking  ceases  in  abandoned  orchards,  and  fires  eat  into  the  pitchy 
faces.  Trees  which  do  not  burn  down  are  snapped  off  in  great 
numbers  by  high  winds. 

Table  8  illustrates  the  typical  condition  of  second-growth  stands, 
originally  in  splendid  shape  to  continue  growth,  but  wrecked  by  care- 
less turpentining.  The  figures  are  a  composite  from  three  stands, 
boxed  or  cupped  for  an  average  of  five  years,  and  abandoned,  on  an 
average,  one  year. 

Table  8. — Round,  livmg  turpentined,  and  dead  turpentined  trees,  hy  species  and 
diameter  classes,  in  abandoned  turpentine  woods  of  even^aged  second-growth 
southern  pine 


D.  b.  h.  (inches) 

Slash  pines  per  acre 

Longleaf  pines  per  acre 

Round  1 

Tiirpentined 

Round  1 

Turpentined 

Alive 

Dead 

Alive 

Dead 

4                        

Number 
15.3 
36.2 
3.5 
0 
0 
0 
0 

Number 

0 

6.5 
33.2 
32.1 
19.7 

3.5 

2.1 

Number 

0 

7.1 
16.5 
10.3 

6.6 

0 

0 

Per 
cenfi 

""I2" 
33 
24 
22 
0 
0 

Number 
6.2 
17.9 
6.6 
.6 
0 
0 
0 

Number 
0 
.6 
11.2 
13.2 
10.9 
2.3 
.6 

Number 
0 

.3 
2.9 
1.1 
2.1 

.3 
0 

Per 
centi 

""33" 
21 

8 
16 
11 

0 

6 

8: 

10 

12 

14 

16 

Total  or  average 

55.0 

97.1 

39.5 

29 

31.2 

38.8 

6.7 

15 

1  Living  trees  only.    A  few  round  trees  were  dead  from  fire  and  natural  causes. 

2  Percentages  figured  from  original  tallies,  not  those  per  acre. 

Table  8  shows  clearly  that  whereas  current  turpentining  practice 
is  destructive  of  some  trees  as  large  as  14  inches  in  diameter,  it  is 
fatal  particularly  to  6  and  8  inch  trees.  The  damage  is  caused  by  a 
combination  of  turpentining  and  fires  subsequent  to  the  abandonment 
of  work.  After  raking  ceases  with  the  last  chipping  season,  the  vast 
majority  of  abandoned  orchards  suffer  a  yearly  loss  from  fires  in  the 
old  faces.  The  longer  the  period  since  abandonment,  the  heavier  is 
this  loss.  But  protected  from  fire  or  not,  abandoned  areas  continue 
to  suffer  from  the  evil  effects  of  previous  dry  facing — ^the  steady 
ravages  of  boring  insects,  rot,  and  wind. 

Severe  damage  from  turpentining  is  by  no  means  confined  to  sec- 
ond-growth stands.  Table  9  and  Plate  6,  B,  reflect  conditions  in  a 
typical  ragged,  all-aged  Florida  stand  in  which  boxing  began  in  1880 
and  which  was  subsequently  culled  for  logs  and  crossties  and  cupped 
for  two  additional  periods  of  three  years  each.  In  this  time  as  many 
as  four  faces  were  placed  on  the  larger  trees,  often  two  and  three  at 
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once.  The  highest  death  rate  occurred  among  tlie  12  to  16  inch  trees, 
apparently  because  those  smaller  than  this  did  not  have  as  many 
faces,  and  those  larger  were  better  able  to  withstand  the  heavy  work- 
ing. The  long  period  since  the  original  work  began  also  probably 
accounts  for  tne  heavier  loss  of  longleaf  pines  than  of  slash.  As 
shown  in  Table  7,  and  as  borne  out  by  common  knowledge  among 
naval  stores  operators,  slash  pine  does  not  stand  as  severe  working 
as  longleaf,  and  it  seems  likely  that  many  of  the  slash  pines  had 
succumbed  and  dropped  out  of  the  stand  prior  to  the  investigation. 

Table  9. — Round,  liwng  turpentined,  and  dead  turpentinedi  trees,  by  spcdca 
and  diameter  classes,  in  abandoned  orchards  of  all-aged  southern  pines 


T>.  b.  h.  (inches) 

Slash  pmes  per  acre 

Longleaf  pines  per  acre 

Hound ' 

Turpentined 

Round  1 

Turpentined 

Alive 

Dead* 

Alive 

Dead* 

4... 

Num- 
ber 
11.0 
13.9 

3.2 

0 

0 

0 

0 

0 

0 

0 

0 

Num- 
ber 
0 

2.5 

12.4 

10.6 

8.2 

7.5 

5.0 

2.4 

.4 

.1 

.1 

Num- 
ber 
0 
.9 
2.9 
3.1 
3.8 
4.0 
2.8 

-.1 

0 
0 

Per 

cent 

"'"26" 
19 
23 
32 
34 
36 
11 
20 
0 
0 

Num- 
ber 
4.0 
6.9 
2.6 
0 
.1 
0 
0 
0 
0 
0 
0 

Num- 
ber 
0 
.4 
2.5 
1.7 
1.9 
3.2 
1.8 
.6 
.3 
0 
0 

Num- 
ber 
0 
.1 
.6 
.7 
1.6 
1.9 
.9 
.1 
0 
.1 
0 

Per 
cent 

"26" 
19 
29 
46 
37 
33 
14 
0 
100 

6 

g 

10 

12 

14 

16 

18 

20 

22     

24 

Total  or  average 

28.1 

49.3 

17.9 

27 

13.6 

12.4 

6.0 

33 

1  Living  trees  only.    A  few  round  trees  were  dead  from  fire  and  natural  causes. 
'  Percentages  figured  from  original  tallies,  not  those  per  acre. 

It  is  important  to  note  from  the  combined  tally  of  these  two 
sample  areas,  taken  at  random  in  typical  stands,  that  19  per  cent 
of  all  6-inch  trees  in  them  were  chipped,  and  that  only  two  trees 
10  inches  in  diameter  or  larger  escaped  turpentining. 

Although  small  trees  and  second  growth  suffer  more  frequently 
in  turpentining,  and  virgin  timber  is  more  generally  turpentined 
with  care,  in  some  localities  the  large  trees  o±  virgin  timber  suffer 
heavy  lossi  from  ordinary  commercial  working  for  naval  stores. 
For  example,  in  the  deep  sands  of  western  Florida,  adjacent  to  the 
Choctawhatchee  National  Forest,  there  are  entire  sections  of  privately 
owned  longleaf  land  where  no  green  timber  has  ever  been  cut,  yet 
which  do  not  bear  a  living  pine  above  sapling  size.  The  original 
virgin  stand  of  several  thousand  board  feet  to  the  acre  has  been  wiped 
out  by  turpentining  and  subsequent  fires.     (PI.  8,  B.) 

NECESSARY  MboiFICATIONS  AND  THEIR  COST 

It  should  l)e  evident  from  the  foregoing  paragraphs  that  the  meth- 
ods ordinarily  used  in  logging  and  turpentining  southern  pine  stands 
can  not  be  counted  upon  to  leave  seed  trees  of  the  kind  and  number 
believed  necessary  to  keep  the  land  productive,  or  to  })reserve  enough 
advance  growth  to  form  a  commercial  stand  worth  the  expense  of 
bringing  it  to  maturity. 
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Just  how  effective  in  preserving  advance  growth  any  modification 
of  current  methods  is  likely  to  be  can  not  be  predicted.  Evidence 
drawn  from  actual  conditions  is  altogether  lacking,  and  if  available 
would  carry  little  weight  except  for  just  those  conditions.  It  is 
plain,  however,  that  care  in  felling  the  mature  stand  so  as  to  do  the 
least  possible  harm  to  seedlings  and  saplings ;  animal  logging  as  op- 
posed to  steam  skidding ;  and  keeping  fire  out  of  turpentine  orchards, 
will  give  advance  growth  the  best  chance  for  survival.  The  cost 
under  ordinary  conditions  would  be  practically  nothing. 

The  chief,  and  except  for  organized  fire  protection  the  only,  modi- 
fication of  logging  and  turpentining  practices  needed  to  keep  most 
southern  pinelands  productive,  is  the  reservation  of  seed  trees.  In 
virgin  and  second-growth  stands  seed  trees  must  be  especially  selected 
in  advance  of  both  turpentining  and  logging.  Upon  one  occasion 
only  can  any  but  picked  trees  be  relied  on  as  seed  producers.  In  some 
uniform,  thrifty  stands  of  both  virgin  and  second  growth  a  saw-timber 
cutting  to  a  rigid  diameter  of  12  to  14  inches  would  leave  the  land  in 
good  condition  to  reforest  from  the  remaining  trees.  In  such  cut- 
tings the  direct  outlay  for  selecting  seed  trees  may  be  saved. 

Marking  Seed  Trees 

The  mechanics  of  designating  or  marking  seed  trees  need  not  be 
gone  into.  Running  parallel  compass  lines  through  the  tract,  and 
at  regular  intervals  stopping  to  select  the  proper  number  of  trees  in 
a  strip  on  each  side,  will  probably  be  desirable,  at  least  until  the 
man  in  charge  becomes  expert  in  judging  the  number  of  trees  per 
acre  to  be  left.  Since  the  whole  future  of  the  forest  as  a  productive 
property  depends  in  large  degree  on  the  intelligence  and  judgment 
of  the  man  marking  the  seed  trees,  no  other  than  the  best-qualified 
man  available  should  undertake  the  work. 

The  selection  and  marking  of  seed  trees  should  not  cost  over  12 
cents  an  acre  in  open  virgin  timber,  on  the  basis  of  marking  65  acres 
a  day,  marked  by  a  2-man  crew,  consisting  of  a  trained  forester  or 
other  individual  of  equal  competence  to  run  the  compass  and  select 
the  trees  and  an  assistant  to  do  the  actual  marking.  Marking  may 
be  done  with  paint,  or,  in  cases  where  cutting  will  follow  within  a 
couple  of  months,  with  a  blow  from  a  flour  sack  containing  slaked 
lime.  In  dense  virgin  timber  the  cost  will  be  more,  and  in  second 
growth  may  run  as  high  as  twice  the  figure  given,  or  about  25  cents. 
Seed  trees  on  800  acres  of  second-growth  loblolly  pine  were  marked 
in  Maryland  at  27  cents  an  acre  (12) ;  brush  was  unusually  dense, 
thus  slowing  the  work. 

Investment  in  Seed  Trees 

In  the  light  of  facts  already  given  it  may  well  be  doubted  whether 
in  virgin  stands  any  actual  stumpage  investment  is  involved  in  2 
to  4  seed  trees  to  the  acre,  10  to  12  inches  in  diameter,  and  generally 
of  inferior  quality  from  a  lumber  standpoint.  Even  where  the  find- 
ings of  Ashe,  Garver,  and  Miller  do  not  wholly  apply,  the  stumpage 
value  of  such  trees  should  certainly  not  be  computed  irom  the  avei*- 
age  rate  in  any  locality;  half  that  value  would  be  a  liberal  allowaiici^ 
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If  virgin  longleaf  and  slash  pine  stumpage  is  held  at  $10  a  thousand 
board  feet/^  the  150  board  feet  contained  in  4  longleaf  seed  trees 
should  then  be  valued  at  75  cents,  and  the  75  feet  in  2  slash  seed  trees 
at  38  cents.  When  in  longleaf  stands  it  is  necessary  to  leave  larger 
trees  because  those  of  a  diameter  of  10,  11,  or  12  inches  are  not  avail- 
able, their  volume  may  be  as  high  as  250  board  feet,  which  at  the 
full  stumpage  rate  increases  the  per  acre  investment  to  $2.50.  The 
corresponding  value  for  the  smaller  number  of  slash  pines,  which, 
diameter  for  diameter,  do  not  have  as  great  a  volume  as  longleaf, 
is  $1. 

Virgin  shortleaf  and  loblolly  pine  stumpage  may  be  valued  at  $5 
a  thousand  board  feet,  or  $2.50  a  thousand  for  seed  trees.  The  75 
board  feet  contained  in  two  seed  trees  of  these  species,  10  to  12 
inches  in  diameter,  then  represents  an  investment  of  19  cents.  The 
100  board  feet  represented  by  a  single  14-inch  tree  at  the  full  stump- 
age rate  is  valued  at  50  cents. 

Volumes  in  the  10,  11,  and  12  inch  classes  are  somewhat  greater 
for  second-growth  seed  trees  than  for  virgin  trees,  because  of  greater 
average  height,  but  in  the  larger  classes  are  less  because  of  greater 
taper.  Since  a  considerable  proportion  of  the  volume  of  second- 
growth  stands  now  being  cut  comes  from  trees  of  small  diameter,  the 
value  of  seed  trees  may  fairly  be  appraised  at  the  full  rate  for  second 
growth.  At  $4.50  a  thousand  for  all  species,  four  small  longleaf  seed 
trees  have  a  stumpage  value  of  about  85  cents,  and  their  equivalent 
in  larger  trees  is  the  same  or  a  little  less.  The  two  second-growth 
seed  trees  of  the  other  species  have  a  calculated  value  of  45  to  55 
cents. 

To  the  stumpage  investment  in  longleaf  and  slash  pine  seed  trees 
must  be  added  turpentine  values.  Such  values  have  changed  from 
year  to  year  very  markedly,  so  that  it  is  hard  to  arrive  at  average 
figures.  In  1928  the  price  of  a  4-year  lease  on  average  timber  m 
Florida  was  $1,200  a  crop.  In  1926  the  average  for  the  entire  South 
was  probably  nearly  twice  this.  Using  the  1928  figure  and  disre- 
garding the  fact  that  in  parts  of  the  South  virgin  trees  are  not 
worked  for  more  than  two  or  three  years  before  they  are  cut,  the 
three  or  four  faces  to  the  acre  in  virgin  longleaf  stands,  and  the  two 
in  slash  stands,  represent  36  to  48  cents  and  24  cents,  respectively. 

Although  the  value  of  a  3-year  lease  is  greater  in  virgin  timber 
than  in  second  growth,  higher  turpentine  values  must  be  assigned 
the  latter  because  faces  are  usually  woi-ked  much  longer  than  four 
years.  Seven  to  ten  years  is  not  uncommon  in  second  growth.  If 
$1,800  a  crop  is  a  fair  average  valuation  to  put  on  a  long  lease,  the 
naval-stores  values  represented  in  seed  trees  are  then  54  to  72  cents 
an  acre  for  longleaf  and  36  cents  for  slash. 

Vigorous  southern  pines  of  the  sizes  most  likely  to  be  left  for  seed 
are  growing  rapidly  in  volume  and  the  increase  in  quality  of  the 
wood  produced  makes  their  growth  in  value  even  more  rapid.  The 
investment  in  seed  trees,  if  investment  it  is,  is  therefore  usually  not 
(Hily  recoverable  in  later  years,  but  capable  of  yielding  highly  satis- 
factory interest.     For  example,  longleaf  pines,  even  the  runts  and 

"  All  tree  volumes  in  the  discussion  of  se<»(l-tree  stumpnRo  values  are  bv  the  Doyle  rule. 
Although  this  rule  grossly  underestimates  the  volume  of  small  trees,  as  has  been  repeat- 
idly  pointed  out  (i7o,  22,  2S)  it  is  still  universally  used  in  the  South,  and  nearly  all 
purchases  and  sales  are  made  by  it. 
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culls  of  the  virgin  stand  such  as  were  commonly  left  on  cut-over 
lands  in  the  early  days  of  the  southern  pine  industry,  have  been  found 
(6,  9,  and  i)  to  increase  in  diameter  at  a  reasonable  rate  when  freed 
from  overtopping  neighbors.  Although  height  growth  of  such  trees 
is  generally  negligible,  recent  studies  of  the  Southern  Forest  Experi- 
ment Station  have  established  the  fact  that  rapid  increase  in  diameter 
is  not  confined  to  breastheight,  but  extends  all  the  way  up  the  stem. 
Chapman  (11)  measured  the  growth  of  400  longleaf  pine  trees  in  a 
tract  of  average  quality,  or  a  little  better  than  average,  in  central 
Louisiana.  About  11  trees  to  the  acre  had  been  left  in  a  cutting  in 
1904.  At  that  time  they  averaged  10  inches  in  diameter,  and  in  1924, 
14  inches.  In  the  interval  stumpage  values  had  increased  from  $2  a 
thousand  feet  to  $10.  An  investment  of  $1  an  acre  in  cut-over  land 
in  1904,  Chapman  figured,  had  increased  in  20  years  to  $20,  exclusive 
of  the  values  represented  by  the  land  itself  and  an  abundant  young 
growth. 

A  similar  study  by  the  experiment  station  of  318  longleaf  pines 
on  cut-over  land  of  somewhat  poorer  quality  in  central  Alabama 
showed  nearly  the  same  diameter  increases,  although  the  trees  were 
not  as  invariably  stimulated  in  their  growth  as  on  the  better  soil  {J7). 
Trees  of  the  other  species  of  pine,  when  released  by  cutting  or  by 
some  accident  of  nature,  are  likewise  able  to  take  advantage  of  in- 
creased light  and  soil  moisture  and  to  grow  at  a  very  satisfactory 
rate  (10,  22).  This  appears  to  hold  for  both  virgin  and  second- 
growth  trees. 

The  excellent  growth  made  by  trees  left  at  random  in  old  cuttings 
should  be  at  least  equaled  by  specially  selected  seed  trees.  Such  trees, 
however,  should  be  growing  rapidly  already  and  so  will  not  increase 
greatly  in  growth  rate  after  the  cutting.  Moreover,  an  occasional 
tree  will  be  destroyed  by  lightning,  insects,  or  other  agency,  and  so  be 
lost  altogether.  Although  the  stumpage  left  in  seed  trees  from  virgin 
timber  now  being  cut  will  not  increase  in  value  in  the  next  20  years 
at  the  same  rate  as  such  stumpage  has  in  the  past,  it  is  certainly  true 
that  with  the  virtual  disappearance  by  1950  of  virgin  southern  pine 
in  continuous  stands,  the  wide  boards  of  relatively  fine-ringed  wood 
generally  contained  in  seed  trees  will  command  a  premium. 

Naval-stores  values  in  seed  trees  are  not  so  surely  recoverable  at 
a  later  date  as  stumpage  values.  This  is  because  two  to  four  faces  to 
the  acre  can  not  be  chipped  at  a  profit,  whereas  even  to-day  as  little 
as  1,000  board  feet  of  lumber  may  be  so  cut  from  an  acre,  particu- 
larly when  of  good  quality.  However,  some  trees  now  unmerchant- 
able for  lumber  may  be  present  in  the  stand,  and  reach  chipping  size 
in  15  to  20  years.  By  that  time  the  new  crop  of  timber  should  have 
reached  a  size  to  warrant  removal  of  the  seed  trees,  and  the  presence 
of  additional  trees  big  enough  to  chip  may  make  a  naval-stores  oper- 
ation possible.  The  yields  per  face  from  trees  14  inches  in  diameter 
are  54  to  65  per  cent  greater  than  those  from  10-inch  trees  (Table 
18),  and  14-inch  trees  will  support  two  faces,  at  least  for  short 
periods  of  working. 

Additional  Seed  Trees  to  Offset  Logging  Damage 

On  jobs  where  neither  trams  nor  power  skidding  are  employed, 
and  where  the  timber  fallers  have  been  impressed  with  the  need  of 
preserving  designated  seed  trees,  the  allowance  for  accidental  loss 
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of  800(1  troo.s  nood  bo  nothing  moro  than  "playing  safo"  whonevcr 
there  is  doubt  as  to  how  man^  seed  trees  to  leave.  When  shortleaf  and 
loblolly  stands  are  logged  with  trams,  the  location  of  spurs  is  gener- 
ally known  far  enough  in  advance  of  marking  to  allow  the  marker  to 
avoid  designating  trees  on  the  rights  of  way.  In  stands  of  the  tur- 
pentine-producing species,  however,  the  seed  trees  have  to  be  marked 
in  advance  of  turpentining,  or  on  most  jobs  two  or  more  years  be- 
fore the  final  location  of  spurs.  The  likelihood  that  some  of  the 
trees  will  have  to  be  cut  from  rights  of  way  requires  a  slight  increase 
in  the  number  of  trees  marked — perhaps  10  per  cent.  Since  the  wood 
in  broken  or  uprooted  trees  can  be  largely  salvaged,  the  only  loss 
in  such  trees  is  in  naval  stores  values.  ITie  largest  increase,  how- 
ever, must  be  made  on  steam-skidded  or  gasoline-skidded  jobs. 
There  it  will  be  wise  to  increase  the  number  of  seed  trees  marked  by 
25  per  cent  in  average  timber,  and  by  50  per  cent  in  unusually  heavy 
timber. 

Summary  of  Costs 

The  foregoing  costs  involved  in  leaving  seed  trees  are  summarized 
in  Table  10.  Estimated  high  and  low  costs  are  given,  and  in  addition 
an  attempt  is  made  to  arrive  at  a  "  most  probable  "  total  or  a  total 
which  is  believed  to  fit  the  average  condition.  Costs  are  calculated 
on  the  basis  of  an  acre,  not  of  a  thousand  feet  cut. 


Table  10. 


-Summary  of  esiimated  extreme  and  most  pro'bahlG  costs  per  acre 
of  leaving  seed  trees 


Item 

Longleaf  pine 

Slask 

pine 

TiOblolly  or 
shortleaf  pin* 

Virgin 
timber 

Second 
growth 

Virgin 
timber 

Second 
growth 

Virgin 
timber 

Second 
growth 

High  costs: 

$2.50 
.36 
.15 
.18 

$0.85 
.72 
.26 
.36 

$1.00 
.18 
.15 
.09 

$0.55 
.60 
.25 
.30 

$0.50 

$a55 

Navafstores  lease  J 

Marking 

.20 

.12 

.25 

Extra  trees,  power  skidding  •       . 

.27 

Total     ■- 

3.19 

2.18 

1.42 

1.70 

.82 

1.07 

Probable  costs: 

1.35 
.3(5 
.  13 
.12 

.84 
.72 
.16 

.55 
.18 
.16 
.06 

.45 
.60 
.20 

.27 

.61 

Navalstores  leas©  1              .         .      . 

.18 

.34 

Kxtra  trees,  ix)wer  skidding ' 

Total     

1.90 

1.72 

.93 

1.25 

.46 

.76 

TiOw  costs: 

.12 

.15 

.12 

.15 

.15 

.15 

lAs  Indicated  In  the  text,  these  costs  are  generally  recoverable,  in  whole  or  In  part. 

No  allowance  is  made  for  increased  logging  costs,  since  it  is  the 
general  oi)inion  of  southern  pine  lumbermen  who  have  been  ccm- 
sultod  in  the  matter  that,  provided  a  skidder  crew  is  really  anxious 
to  avoid  the  destruction  of  standing  trees,  it  can  be  done  in  the 
greater  number  of  instances  at  practically  no  extra  cost.  An  ex- 
ce])tion  is  the  statement  of  one  exjx^rienced  operator  who  put  this 
co.st  as  high  as  33  cents  a  thousand,  although  he  has  never  left  any 
trees  worth  attempting  to  save. 
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A,  Solective  lonKinj?  in  u  loblolly  stiiiul.  This  cuttiiiK  to  a  diiuiiolor  limit  by  a  iwrtablo  mill  in 
North  CaroliiiH  has  left  the  laiul  in  spleiulid  shape  for  another  eiit  in  ITi  to  20  years.  Real  selec- 
tion of  the  trees  to  be  reniove<l  would  have  left  it  in  even  better  sha|)o;  H,  a  thinning  in  shish 
pine.  This  22-year-ol(l  stand  in  CJeorgia  was  thinned  for  future  naval-stores  operation  to  a  spac- 
ing of  about  12  feet  each  way,  leaving  2<.K)  trees  to  the  acn>,  (5  to  12  inches  diameter  breastheight. 
A  cordwood  or  pulpwood  market  might  have  made  this  job  pay  for  itself. 


TIMBER   GROWING   AND   TURPENTINING    PRACTICES  65 

PROTECTION  AGAINST  GRAZING 

Longieaf  pine  land  in  the  immediate  neighborhood  of  farms  or 
communities  where  hogs  are  numerous,  or  adjacent  to  bottom  lands 
where  hogs  are  turned  out  to  graze,  can  not  reproduce  to  longieaf 
unless  carefully  fenced.  Fortunately  there  are  enough  seed  trees  of 
other  species,  the  seedlings  of  which  the  hogs  rarely  damage,  to  re- 
forest some  of  these  areas.  In  probably  three-fourths  of  the  long- 
leaf  pine  belt  fencing  against  hogs  is  unnecessary,  but  locally  in  the 
remaining  one-fourth  it  must  be  done. 

Sheep  and  goats  will  sometimes  seriously  injure  any  species  of 
pine  seedlings  less  than  3  or  4  feet  in  height,  but  only  in  rare  in- 
stances will  it  be  necessary  to  fence  against  them  in  order  to  keep 
land  merely  productive. 

The  grazing  of  cattle  on  pineland  is  more  apt  to  be  beneficial  than 
harmful.  It  is,  of  course,  impossible  to  raise  pine  of  any  species  on 
lands  heavily  grazed,  or  in  such  forage  types  as  carpet  grass,  where 
cropping  and  trampling  both  contribute  to  the  death  of  the  seedlings. 
Moderate  grazing  of  a  tract  of  longieaf  pine  land  has,  how^ever,  been 
.shown  experimentally  (see  p.  24)  to  involve  no  serious  loss  of 
seedlings  on  the  area  as  a  whole,  and  to  cut  down  the  losses  from 
winter  fires  by  more  than  half.  These  results  were  obtained  on  a 
cut-over  area  in  south  Mississippi,  where  the  chief  fuel  is  broom 
sedge  and  wire  grass  {Andropogon  sp.).  It  is  possible  that  the  dam- 
age by  cattle  to  more  slender-stemmed  species  of  pine  is  greater,  and 
the  reduction  of  hazard  in  otlier  forage  types  less.  Nevertheless, 
grazing  by  cattle  for  as  long  a  period  as  the  forage  persists  is  a  val- 
uable insurance  against  loss  through  accidental  fires. 

The  cost  per  acre  of  fencing  will,  of  course,  vary  greatly  with  the 
size  of  the  tract  inclosed,  and  its  shape.  The  items  of  expense  in 
erecting  24  miles  of  fence  in  south  Mississippi  in  1926,  as  furnished 
by  the  builder  and  reduced  to  the  basis  of  a  mile,  are  as  follows : 

32-inch  woven  wire __,    $105.60 

2  barbed  wires . 28.80 

Staples 2.50 

Construction — contracted  at  35  cents  m  rod  to  cut,  haul,  and  set  post:. 

and  to  stretch  wire 112.00 

1  gate  for  every  3  miles 3.00 


Total 251.90 

Posts  Avere  obtained  within  the  tract  itself,  and  Avere  set  a  rod  apart. 
The  area  inclosed  Vvas  14,000  acres,  at  a  total  expense  of  approxi- 
mately $6,000.  The  first  cost  Avas  thus  43  cents  an  acre.  If  tlie  life 
of  the  fence  is  10  years,  and  annual  repairs  amount  to  $10  a  mile, 
the  cost  becomes  about  6  cents  an  acre  a  year,  and  on  a  square  tract 
would  be  less. 

Forty  miles  of  4-strand  barbed-wire  fence,  on  posts  16  feet  apart, 
was  recently  built  in  south  Georgia  for  $131  a  mile. 

WILL   IT  PAY  TO   KEEP   FOREST   LANDS   PRODUCTIVE? 

STANDS  OF  SEEDLINGS  TO  BE  EXPECTED  ON  AVERAGE  LAND 

Not  all  southern  pinelantl  may  be  kept  productive  by  the  simple 
measures  just  uutiinecl.    Such  types  of  soil  as  ''crawfish  land,"  hard- 
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pans,  and  deep  sands,  the  deep  sands  occupying  the  considerable  area 
shown  in  Figure  1,  are  so  unfavorable  to  the  growth  of  the  pines  that 
only  intensive  methods  could  promise  success.  Whether  such  meth- 
ods as  are  described  in  the  latter  part  of  this  bulletin  would  prove 
practicable  for  such  lands  in  private  ownership  is  a  question  as  yet 
unanswerable. 

The  stand  of  seedlings  on  southern  pineland  of  average  quality 
which  has  been  kept  productive  by  protection  from  fire  and  excessive 
grazing  and  by  the  preservation  of  two  to  four  pine  seed  trees  to  the 
acre  will  vary  considerably  from  tract  to  tract.  Because  no  areas 
have  been  found  which  by  chance  have  received  exactly  these  benefits, 
and  because  no  data  from  experimental  areas  are  yet  available,  it  is 
hard  to  present  even  average  figures.  However,  some  idea  of  the 
results  to  be  obtained  with  longleaf  pine  by  the  measures  named  may 
be  gained  from  Table  11,  compiled  by  P.  C.  Wakeley  from  records  of 
the  Southern  Forest  Experiment  Station.^^ 


TABLE   11. 


-Comparisiyn  of  conditions  in  out-over  longleaf  pine  lands  in  south 
Mississippi,  classified  hy  degree  of  natural  restocking 
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Only  35   per   cent   not 
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5  per  cent  not  burned 
within  2  years. 

1.8 

4.0 

«2.9 

34 

233 

127 

34 

Understocked . 

35 

79  per  cent  not  burned 
within  1  year;  11  per 
cent  not  burned  witnin 
2  years. 

40  per  cent  burned  only 

3.6 

4.5 

4.6 

43 

530 

530 

48 

Satisfactorily 

20 

5.1 

6.2 

7.6 

80 

752 

2,013 

100 

stocked. 

twice  in  last  5  years. 

•  All  areas  repeatedly  burned,  many  annually. 

2  Includes  also  some  trees  too  small  to  produce  seed. 
>  All  other  trees  were  grouped, 

*  Vigorous  seedlings  over  2  years  old. 
»  None  younger  than  1  year. 

«  Only  2.1  trees  on  36  out  of  37  acres. 


Table  11  illustrates  how  slight  an  improvement  in  all  of  the  con- 
ditions affecting  natural  reforestation  will  raise  cut-over  land  from  a 
hopelessly  unproductive  to  a  reasonably  productive  state.  Land  re- 
peatedly burned  and  with  less  than  two  good  seed  trees  per  acre  not 


*8  This  table  summarizes  actual  conditions  observed  In  the  course  of  about  6  miles  of 
surveys  in  typical  south  Mlssi.^islppl  lands  cut  over  for  about  20  years.  For  each  unit  of 
1  to  2  acres  contained  in  a  strip  on  both  sides  of  a  compass  line  a  separate  tally  was  kept 
of  the  number  of  trees  remaining  from  the  virgin  stands,  and  their  condition  as  seetl 
producers ;  and  on  a  narrower  strip,  of  the  longleaf  pine  seedliUKs  which  presumably  came 
from  the  seed  of  these  trees.  Notes  wore  also  made  on  the  distribution  of  both  seedlings 
and  seed  trees,  and  the  fire  history  of  each  unit  was  reconstrucled  from  the  age  of  sprouts 
from  flre-killed  brush.  The  units  were  then  grouped  by  total  number  of  seedlings  and 
the  conditions  for  each  group  tabulated.  Those  units  having  less  than  700  seedlings  to 
the  acre  were  considered  poorly  stocked,  those  having  700  to  1,600,  understocked,  and 
those  having  over  1,600  fully  stocked. 
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well  distributed  over  the  area  had,  in  the  20  years  since  cutting, 
produced  only  233  established  seedlings,  or  360  in  all.  On  ground 
not  quite  so  often  fire-swept  in  recent  years,  and  with  double  the 
number  of  good  seed  trees  somewhat  better  distributed — but  still 
less  than  four  good  seed  trees — 530  seedlings  were  established,  and 
1,060  seedlings  in  all  were  present.  Slightly  over  five  good  seed  trees, 
well  scattered,  on  land  nearly  half  of  which  had  not  burned  more 
than  twice  in  five  years  and  the  rest  not  annually,  produced  2,765 
seedlings,  of  which  752  were  established. 

A  lumber  company  operating  in  the  level  loblolly-shortleaf  pine 
lands  of  southeastern  Arkansas  has  since  1921  been  cutting  to  a 
diameter  limit  now  15  inches  on  the  stump,  and  has  in  addition  usu- 
ally left  selected  trees  for  seed.  All  of  the  seed  trees  were  above 
the  10-inch  limit  set  in  this  bulletin,  and  an  occasional  tree  has  ex- 
ceeded 20  inches  at  breastheight.  Late  in  1927  the  company's  for- 
ester tallied  the  young  growth  on  76  small  plots  well  distributed 
through  typical  cuttings  of  four  different  years.  The  result  is  shown 
in  Table  12. 


Table  12. — Number  of  lob  oily  and  shortleaf  pine  seedlings  on  seed-tree  cuttings 
in  southeastern  Arkarisas,  1921 
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28 
32 
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Number 
13 

1923 

24 

1923  3 

10 

1924 

15 
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8 

•  within  their  own  height  of  center  of  the  plot 

2  Year  of  good  seed  crop. 

3  Cutting  area  burned  in  1925. 

In  an  earlier  discussion  of  the  advance  growth  which,  surviving 
logging  and  turpentining,  was  necessary  to  justify  leaving  no  seed 
trees  in  cuttings  or  turpentine  orchards,  600  to  700  healthy  longleaf 
seedlings  to  the  acre,  7  or  8  years  of  age,  was  set  as  a  fair  standard. 
From  700  to  900  of  such  seedlings  of  loblolly  or  slash  pine,  and  from 
1,000  to  1,200  of  shortleaf  pine,  were  the  requirements  of  productive- 
ness for  those  species.  Although  in  Table  11  the  "  satisfactorily 
stocked "  land  meets  the  longleaf  requirement  here  established  in 
spite  of  more  frequent  fires  than  are  contemplated  on  productive 
land,  it  should  be  remembered  that  this  stocking  was  accomplished 
only  in  the  course  of  20  years  or  more.  Many  of  the  seedlings  arc 
well  past  5  years  of  age. 

Two  to  four  vigorous  seed  trees  to  the  acre  are  believed  to  be 
capable  of  producing  stands  of  pine  seedlings  such  as  these  from 
one  or  two  full  seed  crops.  For  loblolly,  shortleaf,  and  slash  pines 
this  should  take  place  within  a  period  of  five  years  after  the  comple- 
tion of  cutting  or  turpentining.  Only  one  of  the  areas  listed  in 
Table  12  had  been  cut  for  so  long  a  period,  and  this  was  more  than 
reasonably  well  stocked.    Longleaf  pine,  however,  seeds  heavily  only 
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at  about  7-year  intervals,  and  it  may  happen  that  scarcely  a  longleaf 
seedling  will  start  on  freshly  cut-over  land  for  seven  years,  no  matter 
how  many  seed  trees  are  left.  The  average  delay  in  starting  the  new 
crop  will  be  three  or  four  years,  and  if  weather  or  other  conditions 
should  be  unfavorable  to  the  seedlings  then  started  it  will  be  10  or  11 
years  before  they  are  supplemented  from  another  heavy  seed  fall. 
The  great  desiraoility  of  fostering  advance  reproduction  by  means 
of  fire  protection  well  in  advance  of  cutting  or  turpentining  is  thus 
very  evident. 

It  is  believed  that  seedlings  of  the  prescribed  numbers  and  age  can 
not  be  counted  upon  to  produce  more  than  a  third  of  a  full  crop  of 
forest  products,  speaking  in  terms  of  value,  not  volume.  Under 
favorable  conditions  they  may  produce  as  much  as  two-thirds  of  a 
crop.  These  estimates  are  based  on  a  study  of  fully  stocked  stands, 
the  results  of  which  are  presented  later  in  this  bulletin,  and  on  a 
consideration  of  the  effect  of  open  spacing  on  the  merchantability 
of  the  product.  Open-grown  trees  produce  knotty  lumber  and  in- 
crease the  cost  of  making  pulpwood;  on  the  other  hand,  they  yield 
substantially  more  naval  stores  than  do  trees  in  dense  stands.  If 
uniform  spacing  could  be  counted  upon,  as  in  a  plantation,  the  stand- 
ard number,  at  least  of  sliortleaf  pines,  would  be  unnecessarily  high 
for  the  production  of  only  a  third  of  a  crop.  But  even  where  the 
unit  is  as  small  as  an  acre,  several  hundred  seedlings  may  be  bunched 
in -dense  thickets,  leaving  much  vacant  or  very  poorly  stocked  land 
between.    Production  is  thus  greatly  reduced. 

THE  TREND   OF  VALUES  IN  STUMPAGE   AND   TURPENTINE  LEASES 

The  present-day  value  of  forest  lands  kept  productive  of  wood 
and  naval  stores  of  course  depends  on  public  faith  in  the  future 
price  of  stumpage  and  turpentine  leases.  These  prices  are  far  more 
a  matter  for  speculation  than  the  rate  of  growth  of  the  trees  them- 
selves. But  it  is  plain  from  Figure  2  that  the  general  trend  of 
stumpage  rates  for  southern  pine  has  been  upward,  in  common  with 
that  of  all  other  species  throughout  the  liistory  of  the  lumber  in- 
dustry. That  virgin  longleaf  pine  stumpage  has  increased  in  value 
at  a  phenomenal  rate  is  of  less  significance  than  that  in  the  South 
Atlantic  States,  where  the  present  timber  is  largely  second  growth, 
stumpage  has  steadily  climbed  at  a  faster  rate  than  the  average  of 
all  softwoods  in  the  United  States. 

It  is  idle  to  speculate  on  the  future  of  stumpage  values.  That 
such  values  can  temporarily  recede  is  shown  by  tne  curve  in  Figure 
2  representing  second-growth  pine  in  the  lower  Mississippi  region. 
Moreover,  timber  in  small  bodies,  such  as  are  becoming  an  increas- 
ingly important  source  of  logs  for  southern  pine  mills,  is  generally 
for  sale  at  a  lower  figure  than  the  strongly  held  timber  of  large 
operators.  On  the  other  hand  the  national  situation  with  respect  to 
timber  supplies  favors  the  producer  of  southern  pine. 

The  percentage  of  its  own  lumber  which  the  South  consumes  has 
steadily  gone  up,  and  between  1922  and  1925  progressed  from  42  per 
cent  to  51  per  cent  {17a).  This  has  been  only  in  part  due  to  the 
decrease  in  production  as  available  stumpage  has  decreased.  What- 
ever the  cause,  the  gradual  retirement  of  southern  pine,  for  30  years 
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the  most  abundant  American  wood,  from  the  great  competitive  mar- 
kets of  the  manufacturing  East  and  the  agricultural  Middle  West 
seems  certain  to  raise  lumber  prices  in  these  markets.  An  increasing 
proportion  of  their  lumber  must  be  transported  from  the  west  coast — 
a  distance  of  2,000  to  3,000  miles  by  rail,  or  5,000  to  7,000  by  water 
plus  an  inland  rail  haul.  The  average  cost  of  these  hauls  is  $5  to 
$10  above  those  from  the  southern  pineries.  The  general  rise  of  lum- 
ber prices  in  other  sections  of  the  country  will  in  time  be  reflected  in 
the  local  southern  market.  It  seems  possible  that  the  grower  of 
southern  pine  timber  will  in  time  realize  advances  on  the  value  of  his 
stumpage  equal  at  least  to  the  difference  in  cost  of  transporting  lum- 
ber to  middle-western  and  eastern  markets  from  the  South  and  from 
the  west  coast. 

The  information  available  on  the  price  paid  for  turpentine  leases 
in  the  past  is  very  slight,  but  the  same  conditions  which  governed 
the  rise  in  wood  values  on  the  stump  in  the  South  have  operated  to 
increase  the  cost  of  turpentining  privileges.  Twenty-five  years  ago 
operators  commonly  paid  from  $100  to  $200  for  a  3-year  lease  on  a 
crop  of  10,000  boxes.  By  1925-26  these  figures  had  increased  ten- 
fold; $2,000  had  become  quite  common  in  Georgia  {18).  For  excep- 
tionally good  timber  $2,500  was  occasionally  paid.  Back  faces  com- 
manded about  the  same  price  as  front  faces,  but  high  faces  were,  of 
course,  valued  at  less  than  low.  By  1928  prices  had  receded,  and 
$1,200  for  a  4-year  lease  was  said  to  be  a  fair  average  in  Florida  (SJ^). 

The  scantiness  of  the  information  on  past  values  of  naval-stores 
leases,  as  well  as  the  recent  serious  inroads  of  substitutes  for  turpen- 
tine, make  prediction  of  future  values  difficult.  It  does  not  seem 
unreasonable,  however,  to  expect  the  present  cost  of  leases  for  3-year 
periods  to  extend  in  the  future  to  additional  periods  made  possible 
by  conservative  work,  as  later  described. 

THE  TAX  SITUATION 

Much  has  been  made  of  the  burden  of  taxation  on  southern  pine- 
land  dedicated  to  timber  growing.  Yet  it  is  significant  that  so  far 
at  least  very  little  land  has  been  surrendered  to  the  States  because  of 
the  owners'  inability  to  meet  taxes.  The  area  of  forest  land  allowed 
to  lapse  for  taxes  in  the  South  has  been  incomparably  less  than  in 
some  other  sections  of  the  country.  The  reasons  are  many  and 
diverse,  but  need  not  be  gone  into  here. 

Some  typical  instances  of  tax  rates  on  cut-over  lands  in  the  pine 
region  of  the  South  may  be  mentioned.  In  southwestern  Georgia 
such  longleaf  pine  lands  are  assessed  at  $1  to  $1.50  an  acre,  and  the 
tax  rate  averages  20  mills  on  the  dollar.  The  actual  tax  paid  in  this 
locality  is  therefore  from  2  to  3  cents  an  acre  a  year.  In  southern 
Arkansas  cut-over  shortleaf  and  loblolly  pine  lands  are  assessed  at 
$2.50  to  $4  an  acre.  In  1928  the  millage  was  generally  30  to  40, 
makino;  the  average  tax  about  10  cents  an  acre.  In  Louisiana  east  of 
the  Mississippi  Eiver  assessments  run  from  $3  to  $5  an  acre  on  cut- 
over  longleaf  land,  and  a  tax  rate  of  about  30  mills  makes  annual 
taxes  9  to  15  cents  an  acre.  In  adjacent  portions  of  Mississippi  the 
tax  rate,  although  very  variable,  is  generally  lower.  It  is  significant 
that  Louisiana,  which  taxes  its  cut-over  lands  as  heavily  as  most 
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Southern  States  and  much  more  heavily  than  some,  has  been  a 
leader  in  the  number  of  large  companies  adopting  a  timber-growing 
policy. 

Possibly  the  chief  cause  for  forest-land  owners'  anxiety  over  the  tax 
situation  is  not  the  present  level  of  taxes,  but  the  fear  lest  taxes  be 
unwarrantably  increased  in  the  future,  particularly  on  land  which 
be<^ins  to  show  the  promise  of  second  growth.  There  can  be  no  doubt 
that  tax  rates  have  on  the  whole  steadily  advanced  in  the  past,  and 
that  some  large  land-owning  companies,  which  are  ako  proprietors  of 
sawmills  subject  to  advances  in  assessment,  have  occasionally  paid 
taxes  on  their  cut-over  land  in  excess  of  any  actual  value. 

However,  a  recent  decision  by  the  Louisiana  Supreme  Court  ^®  is 
worth  noting  in  this  connection.  A  lumber  company  with  large  cut- 
over  land  holdings  in  a  parish  where  70  per  cent  of  the  land  was 
owned  by  nonresidents  was  assessed  at  an  average  rate  of  $9.51  an 
acre  by  the  local  and  State  authorities.  It  took  the  matter  into  the 
courts.  There  it  contended  that  only  30  to  40  per  cent  of  its  holdings 
were  tillable  land,  and  that  not  more  than  12.5  per  cent  of  the  resi- 
dent-owned land  in  the  parish  was  in  actual  cultivation.  The  com- 
pany pointed  out  that  $50  an  acre  was  needed  to  clear  such  lands 
for  cultivation,  and  established  the  fact  that  it  had  widely  advertised 
these  lands  locally  and  in  the  South  and  Middle  West  at  $3.50  to  $4 
an  acre  for  tAvo  years,  without  securing  a  purchaser.  The  supreme 
court  set  aside  the  $9.51  valuation  as  "  clearly  speculative "  and  the 
assessment  is  now  at  $3.50.  There  was  some  young  growth  of  timber 
present,  and  the  land  was  later  bought  for  its  future  forest  value. 
It  seems  probablte  from  this  instance  that  the  courts  on  a  reasonable 
showing  will  refuse  to  permit  increases  in  assessments  not  based  on 
cash  values. 

There  is  a  most  encouraging  tendency  on  the  part  of  the  southern 
public  to  recognize  the  injustice  of  imposing  high  annual  taxes  on 
properties  which  at  present  in  the  majority  of  cases  yield  only  peri- 
odic revenue.  The  State  of  Louisiana  offers  contracts  of  reforesta- 
tion, running  for  as  long  a  period  as  40  years,  to  those  who  undertake 
to  reforest  their  cut-over  lands.  There  is  now  300,000  acres  of  forest 
land,  in  tracts  varying  from  40  acres  to  a  little  over  50,000  acres, 
under  such  contracts  of  reforestation.  Assessments  of  land  under 
contract  are  confined  to  the  value  of  the  bare  land  at  the  time  the 
contract  was  entered,  and  when  the  timber  is  cut  a  yield  tax  is 
charged.  Alabama  has  a  similar  law,  under  which  50,000  acres  have 
been  dedicated  to  timber  growing  as  "  auxiliary  State  forests,"  as- 
sessed at  the  val'ue  of  the  bare  land.  Mississippi  has  recently  passed 
a  law  exempting  from  taxation  for  a  period  of  10  years  the  timber 
values  on  land  devoted  to  timber  growing.  Legislation  of  this  charac- 
ter is  being  agitated  throughout  the  South. 

A  further  fact  should  be  kept  in  mind  in  estimating  the  trend  of 
future  taxes.  The  more  universally  timber  growing  is  practiced 
as  a  result  of  the  simple  measures  above  outlined,  and  others  more 
intensive,  the  greater  will  be  the  area  of  young  timber  growth  over 
which  to  spread  the  taxes  necessary  to  the  support  of  any  com- 
munity.    A  very  slight  additional  tax  on  each  acre  of  an  entire 

"  Lyon  Lumber  Co.  v.  Louisiana  Tax  Commission  et  al.,  158  La.  990,  105  So.  39. 
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county  may  yield  sums  which  if  levied  from  occasional  owners  of 
growing  timber  will  rest  upon  them  as  a  heavy  burden.  Here,  as  in 
many  other  respects,  forestry  is  its  own  remedy  for  many  of  the 
troubles  which  assail  those  who  practice  it. 

COMPARATIVE    SALABILITY    OF   BARREN   AND    PRODUCTIVE   LAND 

The  owners  of  southern  pineland  may  be  divided  into  two  broad 
classes:  (1)  Those  who  look  forward  to  continued  ownership  and 
use  of  the  land  after  the  present  crop  of  wood  or  naval  stores  is 
removed,  and  (2)  those  who  have  no  further  interest  in  the  land 
than  to  sell  it  at  the  highest  price  obtainable.  Owners  of  the  first 
class,  if  they  intend  to  maintain  the  land  in  forest  at  all,  will  not  be 
interested  in  measures  which  assure  only  a  third  of  a  crop  on  it. 
They  will  wish  to  go  much  further,  and  employ  measures  designed 
to  produce  full  forest  crops.  The  latter  part  of  this  bulletin  is 
devoted  to  their  problems. 

Owners  of  the  second  class  are  mostly,  although  not  altogether, 
lumbermen  who  years  ago  began  their  business  in  the  South  by 
acquiring  title  to  timbered  land.  This  was  the  customary  and 
simplest  way  of  obtaining  the  timber,  and  in  fact  the  only  way  under 
the  public  land  laws.  The  majority,  after  years  of  sawmilling,  now 
find  themselves  involuntary  owners  of  land  whose  disposition  is  a 
very  difficult  problem.  Each  year  their  saws  add  to  the  size  and 
difficulty  of  their  problem.  Such  landowners  are  now  anxiously 
examining  various  uses  for  the  thousands  of  acres  which  have  been 
left  on  their  hands  as  a  by-product  of  their  industry.  Their  plight 
is  discussed  at  some  length  in  another  publication  {17a)  ^  and  need 
be  only  briefly  summarized  here. 

Ten  to  15  years  ago  a  great  effort  was  made  in  the  South  to 
develop  cut-over  pinelands  and  abandoned  turpentine  orchards  for 
farming.  Lumber  company  after  lumber  company  sank  large  sums 
in  demonstration  farms  and  colonization  schemes,  which  in  most 
cases  were  failures.  The  failure  was  frequently  not  due  to  the  fact 
that  the  land  was  too  poor  to  produce  crops.  It  is  of  course  true 
that  large  areas  of  former  pinelands  of  the  South  are  not  fit  for 
farming  under  any  condition,  and  that  additional  areas  may  be 
profitably  farmed  only  when  markets  for  farm  products  are  good, 
or  when  the  land  is  handled  with  more  than  ordinary  skill.  But  the 
census  of  1920  showed  that  there  has  been  an  actual  shrinkage  of  land 
in  farms  in  all  but  four  Southern  States  since  1910,  and  in  those  it  is 
extremely  doubtful  if  more  than  a  small  percentage  of  the  increase 
came  from  the  clearing  of  pinelands.  In  Virginia  and  North  Caro- 
lina the  area  of  improved  land  in  farms  also  shrank  in  the  decade 
from  1910  to  1920.  The  attempt  to  develop  cut-over  pinelands  for 
farming  came  at  the  very  time  when  the  whole  tendency  of  American 
agriculture  was  to  use  less  land,  and  use  it  more  intensively. 

Locally,  remarkable  success  has  been  attained  in  the  production  of 
special  crops  on  ordinar}^  "  piney  woods  "  land.  But  the  area  now 
unimproved  in  the  pine  region  of  the  South  is  too  vast,  and  repre- 
sents too  large  a  percentage  of  the  total  area,  to  be  greatly  reduced  by 
extension  of  trucking,  strawberry  growing,  and  similar  intensive 
uses. 
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Tlie  use  of  cut-over  pinelaiuls  for  intensive  grazing  apj^ears  on 
the  surface  to  be  very  pi-oniising,  owing  to  the  favorable  weather 
conditions  in  the  South.  It  is  impossible,  however,  to  escape  draw- 
ing conclusions  from  a  comparison  of  the  number  of  livestock  in  the 
South  now  and  a  few  years  ago.  The  shrinkage  has  been  striking. 
The  causes  are  numerous,  and  need  not  be  discussed  here.  It  is 
enough  to  point  out  that  the  real  development  of  soutliern  pine  cut- 
over  lands  for  grazing  will  require  substantial  investments  in  fenc- 
ing, tick  eradication,  fire  protection,  stock  improvement,  and  other 
intensive  measures.  These  investments  most  temporary  owners 
hesitate  to  make,  particularly^  at  a  time  wiien  the  livestock  business 
of  other  sections  is  on  none  too  ])rofitable  a  basis. 

The  least  expensive  and  most  liopeful  use  of  abandoned  turpentine 
orchards  and  cut-over  southern  pinelands  generally  is  at  present  the 
growing  of  a  new  crop  of  timber,  perhaps  combined  with  a  certain 
amount  of  cattle  gi'azing.  Timlxir  is  a  crop  to  which  the  land  is 
unquestionably  suited.  It  is  a  crop  which  may  be  produced  in  mod- 
erate quantities  without  cultivation,  hand  planting,  or  fertilizer.  In 
the  South  it  grows  wuth  amazing  rapidity  and,  as  stumpage,  has  a 
more  stable  value  than  perhaps  any  other  crop.  Southern  farmers 
are  acquainted  w-ith  the  last -mentioned  fact,  for  in  periods  of  depres- 
sion they  have  often  turned  to  their  w^oodlands  for  the  cash  which 
they  could  not  obtain  from  cotton  or  livestock.  In  such  periods  of 
depression  stumpage  and  turpentining  values,  of  course,  recede 
slightly,  but  their  recession  has  so  far  been  less  than  that  of  other 
crop  values. 

The  South  as  a  whole  is  gradually  awakenino;  to  these  facts  con- 
cerning cut-over  pineland.  Within  15  years  public  sentiment  toward 
timber  growing  has  changed  from  a  state  of  indifference  often  bor- 
dering on  actual  hostility  to  one  of  friendly  interest  and  support. 
State  after  State  has  established  a  forestry  department  and  gone 
to  work  to  curb  forest  fires  and  otherwise  improve  conditions  for 
timber  growing.  Encouraged  by  this  public  action,  an  increasing 
number  of  individuals  and  corporations  arc  buying  forest  lands  for 
the  definite  purpose  of  growing  trees  on  them.  They  are  not  buy- 
ing barren  land,  but  land  already  productive.  To  those  whose  own- 
ership in  southern  pineland  is  involuntary  and  frankly  temporary, 
and  who  have  the  choice  of  wrecking  their  remaining  timber  by  close 
cutting  and  destructive  turpentining  or  of  operating  it  so  that  the 
land  remains  in  a  i)roductive  conchtion,  this  situation  offers  an  op- 
portunity. Already  in  ]jarts  of  the  southern  pine  belt  cut-over  land 
having  an  abundance  ot  voung  growth  not  \et  merchantable  com- 
mands a  premium.  Whether  this  pi-emium  will  com|)onsat(  any  par- 
ticular landowner  for  whatever  expense  is  involved  in  leaving  his 

property  in  a  productive  condition  is  a  question  for  him  to  answer. 

[n  answering  it  he  should  keep  in  mind  that  barren  land  is  a  cer- 
tain liability  to  its  owner,  and  a  staggering  burden  to  the  community 
at  large. 

RJ&SUM1&  OF  THE  NECESSARY  MEASURES 
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The  measures  necessary  to  keep  all  but  the  poorest  of  southern 
pineland  productive  after  cutting  or  turi)entining  are  few :  Fire  pro- 
tection, seed  trees  or  their  equivalent,  and  some  local  protection 
against  grazing. 
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Fire  protection  of  private  lands  should  be  so  organized  through  a 
combination  of  public  and  private  effort  that  "  1-hour  control  "  is 
provided  for  pinelands  generally.  This  should  make  it  possible  to 
keep  the  acreage  burned  over  yearly  to  an  average  of  3  per  cent  of 
the  total  forest  area.  More  intensive  protection,  obtained  sometimes 
through  greater  man  power,  but  more  often  through  slash  disposal 
and  the  use  of  fire  lines,  should  be  given  turpentine  orchards,  slash- 
covered  areas,  and  areas  of  young  growth,  with  the  object  of  reduc- 
ing to  1  per  cent  the  proportion  burned.  The  cost  of  fire  protection 
(including  fire  fighting),  spread  over  an  entire  property,  will  vary 
considerably.  The  common  range  on  large  properties  will  be  from 
4  to  8  cents  an  acre,  depending  on  the  forest  type  and  the  presence 
of  special  hazards.  In  farm  woodlands  it  may  var}^  from  practically 
nothing  to  14  cents  an  acre,  the  latter  sum,  however,  providing  a 
very  high  standard  of  protection. 

Unless  an  abundant  advance  growth  of  seedlings  is  already  pres- 
ent on  land  to  be  logged  or  turpentined,  seed  trees  must  be  left  to 
insure  a  new  crop.  These  should  be  carefully  selected  among  vigor- 
ous, long-crowned  trees  not  less  than  10  to  12  inches  d.  b.  h. ;  they 
should  not  be  scarred  or  turpentined.  Two  to  4  to  the  acre  are  neces- 
sary for  loblolly,  shortleaf,  and  slash  pines,  and  not  less  than  4  for 
iongleaf.  The  investment  in  such  trees,  where  chargeable  at  all  in 
view  of  the  fact  that  in  most  cases  they  can  be  logged  and  manu- 
factured only  at  a  loss,  is  normally  from  $0.50  to  $2  an  acre;  the 
only  actual  outlay  is  the  cost  of  selecting  the  trees,  or  13  to  24  cents 
an  acre.  The  investment  is  generally  recovered,  with  interest  in 
the  form  of  growth,  when  the  trees  are  later  cut. 

Fencing  of  Iongleaf  pine  seedlings  and  saplings  against  hogs,  and 
young  growth  of  all  species  against  sheep  and  goats,  is  locally  neces- 
sary where  the  stock  are  numerous  or  may  at  times  concentrate  on 
small  areas. 

The  above  measures  are  expected  to  result  in  the  following  stands 
of  pine  seedlings  at  7  or  8  years  of  age:  Longleaf,  600  to  TOO  per 
acre;  loblolly  or  slash,  700  to  900;  shortleaf,  1,000  to  1,200.  These 
numbers  of  seedlings  may  be  counted  upon  to  produce  one-third  or 
more  of  a  full  crop  of  timber  at  maturity,  and  should  be  sufficient 
to  give  the  land  upon  which  they  grow  a  recognized  value  above  that 
of  barren  or  denuded  land. 

MEASURES  NECESSARY  TO  PRODUCE  FULL  TIMBER 

CROPS 

The  measures  outlined  in  the  preceding  pages  are  not  expected  to 
do  more  under  average  conditions  than  keep  southern  pinelands 
reasonably  productive.  They  may  result  in  as  little  as  a  third  of  a 
possible  forest  crop ;  that  is,  in  stands  having  no  more  than  one-third 
the  merchantable  wood,  or  one-third  the  yield  of  naval  stores,  which 
may  be  produced  under  good  natural  conditions. 

Few  permanent  owners  of  forest  land  are  likely  to  remain  content 
with  a  third  of  a  crop,  or  even  with  two-thirds.  The  farmer,  for 
example,  who  depends  upon  his  own  woodland  for  the  fence  posts, 
fuel,  and  building  material  needed  on  the  place  and  who  finds  in 
crossties,  piling,  and  saw  logs  a  cash  crop  worthy  of  a  place  in  diver- 
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sified  farming,  will  in  most  instances  be  willing  to  make  the  very 
little  additional  effort  to  grow  a  full  crop,  especially  since  it  involves 
no  cash  outlay.  Fire  protection  is  extremely  simple  and  effective  in 
most  farm  woodlands,  and  availability  of  labor  and  teams  favors 
intensive  handling  of  the  forest. 

Because  the  investment  in  their  plants  is  very  heavy,  most  if  not 
all  southern  manufacturers  of  pulp  and  paper  will  be^  interested  in 
timber  growing  a:-;  a  means  of  perpetuating  a  going  business.  They 
will  hardly  be  satisfied  to  keep  their  lands  barely  productive,  but 
will  wish  to  grow  full  timber  crops. 

There  is  a  strong  tendency  in  the  naval-stores  industry  to  get  away 
from  the  old  leasing  system,  with  its  many  uncertainties  and  the  cut- 
throat competition  for  timber  that  often  encourages  the  working  of 
small  stufl',  and  to  substitute  ownership  of  the  land  by  the  operator. 
The  relatively  small  acreage  needed  to  supply  gum  continuously  to  a 
still  of  profitable  size  should  make  timber  growing  particularly  at- 
tractive to  the  naval-stores  operator,  and  timber  so  grown  is  not  likely 
to  be  only  a  partial  crop. 

Again,  not  a  few  operators  of  both  large  and  small  southern  pine 
mills  still  have  enough  standing  timber  ahead  to  interest  them  in 
prolonging,  and  in  some  instances  perpetuating,  the  life  of  their 
sawmills.  Every  year  added  to  the  life  of  a  sawmill  reduces  the 
sum  which  must  be  charged  against  depreciation  of  the  plant  and 
the  logging  equipment.  As  an  alternative  to  continuing  operation 
of  the  present  mill  at  full  capacity  for  5  or  10  years  more,  then  re- 
investing in  virgin  timber  in  the  West,  and  having  to  build  up  a  new 
"  good  will "  in  a  market  perhaps  strange  to  them,  many  such  opera- 
tors will  prefer  to  curtail  their  output  somewhat  and,  by  making 
their  present  stumpage  last  until  new  supplies  mature,  operate  in- 
definitely in  southern  pine.  A  few  may  even  be  able  to  purchase 
enough  additional  stumpage  to  maintain  their  present  output  while 
new  timber,  raised  under  a  system  of  partial  cutting,  is  maturing. 
In  either  case  it  will  certainly  be  the  aim  of  such  lumbermen  to  grow 
full  crops. 

Finally,  some  owners  of  southern  pineland  may  have  no  very 
definite  plans  for  supplying  a  wood-using  industry  or  a  turpentine 
still  with  raw  material  from  their  properties,  but  will  nevertheless 
regard  productive  forest  lands  as  a  permanent  investment.  Al- 
though no  forest  land  in  the  South  has  been  long  enougli  under 
intensive  management  (the  very  details  of  which  are  still  in  doubt) 
to  show  what  it  can  do,  enough  is  already  known  about  the  growth 
of  the  southern  pines  in  full  stands  to  justify  such  an  attitude. 

DESIRABILITY  OF  FULLY  STOCKED  STANDS 

Table  13  shows  the  yields  to  be  expected  from  even-aged  stands 
of  second-growth  southern  pine  which  have  been  fully  stocked  froju 
the  beginning.  These  yields  are  on  an  acre  basis,  and  for  an  aver- 
age site  for  each  species.  This  average  is  not  necessarily  the  aver- 
age for  the  entire  range  of  the  species  concerned.  It  represents  the 
site  most  commonly  encountered  by  the  field  crews  engaged  in  the 
region-wide  study  of  rate  of  growth  of  the  southern  pines,  from 
which  the  figures  are  taken.     On  the  poorest  sites  encountered  the 
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board-foot  yields  fell  to  zero  at  the  lesser  ages,  and  both  board- 
foot  and  cord  yields  were  at  least  50  per  cent  below  at  the  greater 
ages.  Similarly,  on  the  best  sites  yields  at  the  earlier  ages  were 
several  hundred  per  cent  above  the  average,  and  at  the  later  ages 
were  25  to  100  per  cent  above.  Variations  in  board-foot  values  by 
the  Doyle  rule  were  even  greater.  Detailed  figures  of  growth  on 
all  sites  are  contained  in  other  publications  {17 a^  30). 

Table  13. — Yields  per  acre  of  fully  stocked,  eveti-aged  stands  of  second-growth 
southern  pines,  at  various  ages  o7i  average  site  for  each  species 


1  All  trees  3.G  inches  d.  b.  h.  and  up,  to  a  top  diameter  inside  the  bark  of  3  inches. 

2  All  trees  8.6  inches  d.  b.  h.  and  up,  to  a  top  diameter  insiue  the  bark  of  7  inches,-  one-fourth  inch  saw- 
kerf. 

3  All  trees  6.0  inches  d.  b.  h.  and  up,  to  a  top  diameter  inside  the  bark  of  5  inches;  one-eighth  inch  saw 
kerf. 

It  should  be  understood  that  the  board-foot  yields  in  Table  13  are 
based  on  the  utilization  of  smaller  trees  (7  inches  d.  b.  h.  for  the 
International  rule,  9  inches  for  the  Doyle)  than  are  commonly  cut 
for  saw  logs  to-day  in  the  greater  part  of  the  South.  In  fact  it  has 
already  been  pointed  out  that  trees  as  small  as  are  cut  on  many 
commercial  operations  do  not  pay  expenses.  But  as  time  passes 
utilization  will  become  closer,  approaching  the  standards  already 
reached  in  New  England  and  other  parts  of  the  country,  where 
large  timber  has  practically  disappeared.  Yields  in  board  feet  by 
the  International  rule  are  given  as-  representing  just  about  lumber 
tally,  without  any  overrun. 

The  Southern  Forest  Experiment  Station  has  published  {33)  pre- 
liminary tables  showing  the  yield  of  naval  stores  from  individual 
slash  and  longleaf  pines  of  various  diameters,  but  has  not  attempted 
to  put  this  information  on  an  acre  basis.  However,  timber  growers 
and  landowners  are  chiefly  interested  in  the  numl)er  of  cups  which 
may  be  hung  on  an  acre  of  second-growth  timber  at  various  ages. 
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Without  making  any  allowance  for  two  faces  on  the  larger  trees, 
Table  14  shows  how  many  trees  of  various  diameters  large  enough 
to  turpentine  are  found  in  fully  stocked,  even-aged  stands  on  average 
sites.  On  poor  sites,  the  trees  are  more  numerous,  but  of  smaller 
size;  on  good  sites  the  trees  are  fewer  but  larger.  Provided  they 
are  conservatively  worked,  9  or  10  inch  trees  are  regarded  as  large 
enough  for  turpentining. 

Table  14. — Number  of  trees  per  acre  of  various  diameters  8  inches  and  up,  in 
fully  stocked  even-aged  stands  of  second-growth  longleaf  and  slash  pines,  ct 
various  ages,  average  site 


Age 

Number  of  longleaf  pine  trees,  by  diameter  classes 

Number  of  slash  pine  trees,  by  diameter 
classes 

(years) 

Sin. 

10  in. 

12  in. 

14  in. 

16  in. 

18  in. 

8-18 
in. 

10-18 
in. 

Sin. 

10  in. 

12  in. 

14in. 

16  in. 

8-16 
in. 

10-16 
in. 

15. 

0 

11 

46 

80 

101 

117 

119 

120 

113 

106 

93 

81 

73 

64 

65 

61 

44 

36 

0 
11 
46 
94 
131 
163 
192 
206 
218 
225 
222 
220 
217 
214 
209 
208 
202 
198 

0 

0 

0 

14 

30 

46 

73 

86 

105 

119 

129 

139 

144 

150 

154 

157 

158 

162 

27 
60 
129 
154 
135 
118 
100 
78 
66 
54 

27 
64 
153 
214 
230 
240 
238 
235 
2S0 
219 

0 

20 

4 
22 
48 
72 
85 
83 
87 
80 
76 

j 

4 

25 

2 
12 
20 
30 
42 
49 
55 
67 

: 

24 

30   

14 
24 
36 
65 
65 
67 
73 
.74 
76 
74 
70 
66 
63 
58 
65 

"i 

60 

35 

6 
10 
18 
21 
30 
35 
39 
42 
45 
48 
50 
50 
51 
51 

?  i 

95 

40 

122 

45   

11 

IS 
24 
24 

2 
3 
5 
8 

138 

60 

157 

55   

8 
11 
13 
18 
19 
24 
28 
29 
33 
36 

164 

60 

1A.1 

65. 

3 
3 
6 

8 
10 
15 
14 
16 



...... 

4 

70 

75 

80._ 

86 

90. 

95 

100. 

1 

1     j 

The  figures  given  in  Tables  13  and  14  are  for  even-aged  stands. 
Such  stands  while  young  have  no  merchantable  volume  oi  wood  and 
do  not  yield  enough  gum  to  pay  for  the  chipping.  As  time  passes, 
a  few  of  the  largest  trees  reach  a  size  to  yield  salable  wood  or  naval 
stores  in  paying  quantities,  but  generally  it  is  only  when  the  major- 
ity of  the  trees  have  reached  such  a  size  that  it  pays  to  cut  or  cup 
them.  The  stands,  if  fully  stocked,  then  yield  the  volumes  of  wood 
or  contain  the  number  of  trees  shown  in  the  tables.  The  average 
yearly  growth  in  wood  over  the  period  required  to  mature  an  even- 
a^ed  stand,  or  over  what  is  known  as  the  "  rotation,"  is  found  by  di- 
viding the  volume  present  at  the  end  of  the  rotation  (Table  13)  by 
the  number  of  years  in  it.  Table  15  gives  these  figures.  Similarly, 
Table  14  is  the  basis  for  Table  16,  which  shows  the  average  yearly 
increase  in  number  of  trees  8  inches  or  more  in  diameter,  and  10 
inches  or  more,  for  stands  of  the  turpentine  species  at  various  ages. 
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Table  15. — Average  yearly  growth  per  acre  of  fully  stocked,  even-aged  stands 
of  second-groivth  southern  pines,  at  various  ages  on  average  site  for  each 
species 


Loblolly  pine 

Longleaf 

pine 

Shortleaf 

pir.e 

Slash  pine 

Age 
(years) 

Cord- 
wood 
(with 
bark) 

Saw  timber 

Cord- 
wood 
(with 
bark) 

Saw  timber 

Cord- 
wood 
(with 
bark) 

Saw  timber 

Cord- 
wood 
(with 
bark) 

Saw  timber 

Doyle 
rule 

Inter- 
national 
rule 

Doyle 
rule 

Inter- 
national 
rule 

Doyle 
rule 

Inter- 
national 
rule 

Doyle 
rule 

Inter- 
national 
rule 

1.') 

Cords 
1.3 
1.4 
1.5 
1.6 
1.6 
1.6 
1.5 
1.5 
1.4 
1.4 
1.3 
1.2 
1.2 
1.1 

Bdjt. 
0 
0 

60 
150 
214 
275 
322 
360 
382 
392 
400 
393 
387 
381 

Bd.ft. 
70 

275 
460 
600 
686 
750 
778 
780 
773 
750 
723 
700 
G73 
C50 

Cords 
0.5 

.8 
.9 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
-.9 
.9 
.9 
.9 
.9 
.8 
.8 
.8 
.8 

Bd.ft. 

0 

0 

0 

0 

29 

50 

67 

100 

118 

125 

138 

143 

153 

162 

171 

178 

184 

185 

Bd.ft. 
0 

50 
120 
183 
243 
288 
322 
370 
391 
408 
415 
429 
427 
431 
429 
428 
421 
415 

Cords 
0 
.9 
1.2 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.2 
1.2 
1.1 
1.1 
1.0 
1.0 
1.0 
.9 
.9 

Bd.ft. 
0 
0 
0 

27 
57 
100 
144 
170 
200 
208 
223 
229 
240 
244 
247 
250 
247 
250 

Bd.  ft. 
0 
0 
120 
233 
343 
450 
511 

Cords 
1.9 

1:5 

1  6 
1.6 
1.5 
1    4. 

Bd.ft. 
0 
0 

0 
67 
114 
162 
189 
210 
218 
217 

Bd.  ft. 
113 

20 

200 

2.5 

340 

30 

450 

35 

514 

40.. 

562 

45 

578 

50 

540       1-  3 

570 

55 

555 
558 
554 
543 
533 
525 
512 
500 
489 
480 

1.2 
1.2 

664 

60 

550 

65.. 

70 

75 

80 

85 

90-- 

95 

100 - 

Table  IG. — Average  number  of  trees  per  acre  lohich  reach  the  8-inch  and  10-inch 
diameter  classes  each  year  in  fully  stocked,  even-aged  stands  of  second- 
groivth  longleaf  and  slash  pines,  at  various  ages,  on  average  site  for  each 
species 


1 
Longleaf  pine       [          Slash  pine 

Age 
(years) 

Longleaf  pine 

Slash  pine 

Age 
(years) 

Trees 
reaching 
8  inches 
d.  b.h. 

1 

Trees         Trees 

reaching    reaching 

10  inches  i  8  inches 

d.  b.  h.      d.  b.  h. 

Trees 
reaching 
10  inches 
d.  b.  h. 

Trees 
reaching 
8  inches 
d.  b.  h. 

Trees 
reaching 
10  inches 
d.  b.  h. 

Trees 
reaching 
8  inches 
d.  b.  h. 

Trees 
reaching 
10  inches 
d.  b.  h. 

15 

20 

Number 
0 
.6 

L8 
3.1 
3.7 
4.1 
4.3 
4.1 
4.0 

Number  1  Number 
0      1            L8 
0                   3  2 

Number 
0 

2.0 
2.7 
3.0 
3.1 
3.1 
3.0 

60 

65 

70 

85 

90 

95 

100 

Number 
3.8 
3-.  4 
■  3.1 
2.9 
2.7 
2.5 
2.3 
2.1 
2.0 

Number 
2.0 
2.0 
2.0 
L9 
L9 
L8 
L7 
L7 
L6 

Number 
3.6 

Number 
2.8 

25 

0 
.5 
.9 
L2 
L6 
1.7 
L9 

6.1 
7.1 
6.6 
6.0 
5.3 
4.7 
4.2 

30 

35 



40 

45 

50 

55 

No  studies  have  been  made  of  the  rate  of  growth  of  the  southern 
pines  in  uneven-aged  or  selection  stands.  These  differ  from  even- 
aged  stands  in  that  they  alwa3^s  contain  some,  but  often  only  a  few 
trees  big  enough  to  cut  or  turpentine.  The  rest  are  of  all  sizes  from 
seedlings  up  to  those  just  below  maturity.  The  growth  in  merchant- 
able material  on  a  unit  area  is  represented  by  a  few  trees  which 
reach  maturity  on  it  each  year.  It  is  probable  that  growth  is  about 
the  same  as  in  an  even-aged  stand.  At  least  until  more  information 
is  obtained  from  systematic  study,  the  figures  in  Tables  15  and  16 
may  be  taken  to  represent  the  average  yearly  growth  of  both  even- 
aged  and  selection  stands. 
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To  date  no  studies  have  been  made  of  the  jackls  of  mixed  stands  of 
pines  or  of  pines  and  hardwoods.  It  is  probable  that  these  yields 
would  not  vary  greatly  from  those  of  pure  pine  stands,  at  least  in 
cordwood  volume. 

The  figures  on  the  rate  of  growth  of  the  southern  pines  were  ob- 
tained in  carefully  selected  portions  of  stands  which  had  without 
exception  volunteered,  or  grown  up  without  human  aid.  Very  few 
had  received  more  than  chance  protection  against  fire  or  other 
enemies,  and  the  great  majority  had  been  burned  at  least  every  5  or 
10  years  since  they  became  resistant  to  light  fires.  Seed  for  their 
establishment  had  been  abundant,  and  in  some  instances  overabun- 
dant; but  in  every  case  it  had  been  so  scattered  on  the  area  as  to 
produce  crowding  in  some  places,  and  relatively  open  spacing  in 
others. 

Such  stands  represent  an  average  of  the  best  that  the  southern 
pines  have  produced  under  natural  conditions — ^that  is,  when  not 
hopelessly  interfered  with  by  man's  fires.  The  region-wide  study 
of  grow^th  previously  referred  to  showed  that  because  of  lack  of  seed, 
the  scourge  of  fire,  and  lesser  causes,  probably  less  than  1  per  cent 
of  the  piney  woods  is  producing  as  full  a  timber  crop  as  these  stands 
are.  In  figuring  the  full  productive  capacity  of  a  specific  property 
it  would  therefore  be  conservative  to  discount  the  yields  by  10  or  15 
per  cent,  in  spite  of  the  fact  that  the  measures  for  intensive  forest 
management  about  to  be  described  should  create  conditions  fully  as 
favorable  on  the  average  as  those  under  which  the  volunteer  stands 
arose.  On  the  other  hand,  it  should  be  possible  in  time  to  better  these 
yields — at  least  on  limited  areas  and  under  conditions  favorable  to 
the  sale  of  small  material. 

What  constitutes  a  full  forest  crop  when  trees  yield  both  naval 
stores  "and  wood  is  not  easy  to  say,  since  in  some  respects  the  two 
uses  are  antagonistic.  That  is,  turpentining  a  fast-growing  tree  for 
several  years  lowers  the  grade  of  finishing  lumber  obtainable  from 
the  butt  log  although  not  affecting  the  strength  of  the  wood ;  again, 
an  open-grown,  limby  tree  yields  abundant  gum  but  poor  wood  for 
most  purposes.  At  present  rates  for  stumpage  and  turpentine  leases 
small  trees  are  more  valuable  for  their  gum  than  for  their  wood, 
and  large  trees  are  worth  more  as  lumber,  piling,  or  poles  than  as 
gum  producers.  How  these  relationships  wall  be  alFected  by  future 
stumpage  prices  and  leasing  costs  it  is  quite  impossible  to  say-  The 
problem  is  further  complicated  by  probable  lowering  in  the  rate  of 
wood  production  wdien  a  tree  is  worked  for  turpentine  under  Amer- 
ican methods. 

At  present  the  bulk  of  x\merican  naval  stores  is  produced  from 
trees  which  the  owners  regard  as  chiefly  valuable  for  these  j)roducts; 
the  second  grow^th  of  longleaf  and  slash  jMues  in  Oeorgia  and 
northern  Florida  is  being  turpentined  with  little  regard  for  the  effect 
on  the  wood  in  them.  In  the  w^estern  part  of  the  pine  belt,  however, 
where  the  naval-stores  production  is  almost  all  from  virgin  timber, 
ow^ners  will  not  permit  work  likely  to  result  in  degrade  of  the 
lumber.  All  things  considered,  measures  designed  to  grow  full 
forest  crops  of  longleaf  and  slash  pines  should  produce  substantial 
quantities  of  both  gum  and  wood. 

Tlie  measures  necessary  to  produce  full  crops  of  the  southern 
pines,  as  judged  both  by  quantity  and  quality,  are  just  beginning 
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to  be  studied.  Although  helpful  conclusions  will  from  time  to  time 
be  drawn  from  the  investigations  now  under  way  by  the  Forest 
Service  and  other  agencies,  complete  evidence  for  or  against  some 
measures  can  not  be  reached  for  many  years.  Some  of  the  sug- 
gestions offered  in  the  following  pages  necessarily  represent  little 
more  than  the  best  judgment  of  those  who  are  growing  and  studying 
the  southern  pines. 

INTENSIVE  FIRE  PROTECTION 

In  spite  of  the  rapid  strides  which  have  been  made  in  forest-fire 
protection  in  the  South  during  the  past  few  years,  the  limit  of  fruit- 
ful effort  has  been  reached  on  very  few,  if  any,  forest  properties. 
The  standard  for  fire  protection  set  up  to  keep  lands  only  reasonably 
productive  would  confine  the  average  yearly  loss  in  a  community  to  3 
per  cent  of  the  pine  area.  Theoretically,  this  means  that  fire  would 
run  over  the  ground  only  once  in  33  years,  a  period  which  will  allow 
the  southern  pines  to  reach  ample  size  to  resist  any  except  summer 
fires.  Practically,  however,  the  more  exposed  land  may  suffer  two  or 
three  fires  in  a  generation,  and  the  less  exposed  may  scarcely  ever 
burn.  One  fire,  occurring  in  a  tract  of  young  reproduction  that  was 
delayed  in  establishment  by  lack  of  seed  and  had  not  yet  reached  the 
fire-resistant  stage,  might  wipe  out  the  results  of  10  or  12  years'  effort 
in  timber  growing.  Recurring  at  intervals  of  10  to  15  years,  fire 
might  keep  this  tract  barren  indefinitely.  The  high  yield  of  forest 
products  obtainable  from  full  crops  of  the  southern  pines,  and  the 
early  age  at  which  they  mature,  justify  more  intensive  efforts  in 
fire  protection  than  those  prescribed  for  merely  keeping  land 
productive. 

The  State  system  ^^  may  be  strengthened  by  adding  to  the  imme- 
diate staff  of  the  State  firewarden  two  or  more  inspectors  for  each 
10,000,000  acres  of  land  under  intensive  protection.  An  organization 
of  the  size  needed  for  such  a  territory  will  not  run  itself,  but  requires 
constant  and  thoroughgoing  supervision.  Because  the  local  rangers 
«ind  wardens  are  sometimes  handicapped  in  catching  incendiaries,  who 
can  easily  watch  their  movements,  special  men  attached  to  the  State 
office  are  sometimes  helpful  in  solving  the  problem  of  incendiarism. 
Towermen  may  effectively  be  employed  nearly  yearlong  in  longleaf 
pine  territory.  Under  hazardous  conditions  in  the  longleaf  pine  belt 
a  resident  firewarden  may  profitably  be  assigned  to  each  10,000  acres, 
and  he  will  sometimes  need  two  or  three  special  fire  fighters  to  help 
him. 

Fire  lines  may,  of  course,  be  used  to  break  up  forested  areas  into 
smaller  blocks  than  those  proposed  hitherto,  and  the  lines  may  be 
wider.  Both  smaller  blocks  and  wider  lines  seem  desirable  in  the 
longleaf  pine  region,  where  fire  travels  fast  and  roads  and  natural 
firebreaks,  such  as  streams,  are  infrequent.  The  State  of  Louisiana, 
in  its  "protection  areas,"  is  now  constructing  15-foot  plowed  fire 
lines  (pi.  9,  C)  through  grassjr  longleaf  land,  and  aims  to  leave  no 
block  larger  than  640  acres  within  these  lines.  Later  this  will  be 
reduced  to  160  acres.     On  the  other  hand,  it  is  not  planning  to  con- 

20  Much  of  the  material  contained  in  this  and  the  succeeding  paragraph  was  furnished 
to  the  writer  by  W.  R.  Hine  while  State  forester  of  Louisiana. 
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struct  any  more  lines  in  the  shortleaf  territory,  but  rather  to  open 
up  old  roads  as  firebreaks  and  as  means  of  rapid  travel  to  fires.  The 
territory  assigned  to  each  resident  warden  is  about  20,000  acres. 
Louisiana  has  had  much  difficulty  in  burning  wide  fire  lines  between 
furrows,  and  now  prefers  the  narrower  fully  plowed  lines.  One 
large  lumber  company  in  eastern  Louisiana  has  constructed  many 
miles  of  10-foot  solidly  plowed  lines;  at  least  in  dry  weather  these 
serve  as  roads  over  which  it  operates  a  specially  equipped  fire  truck. 

SLASH  DISPOSAL 

Because  a  recently  cut  area  filled  with  slash  or  tops  is  in  the  most 
dangerous  possible  condition,  prompt  reduction  in  the  hazard  is 
highly  desirable.  Moreover,  the  tops  of  some  pine  species,  notably 
shortleaf,  are  large  and  bushy,  and  create  a  heavy  mat  of  fallen  pine 
straw  which  apparently  prevents  the  roots  of  young  seedlings  from 
reaching  the  ground.     (PI.  4,  B.) 

On  the  Ouachita  National  Forest  in  Arkansas  the  method  of  dis- 
posing of  shortleaf  pine  slash  most  generally  employed  is  to  pile 
it  at  some  distance  from  seed  trees  in  piles  6  to  8  feet  across  and  4 
feet  high,  and  to  burn  the  piles  when  there  is  enough  moisture  to 
keep  fires  from  spreading.  Burning  is  not  feasible  where  much 
advance  reproduction  is  present,  because  more  young  trees  are  de- 
stroyed than  are  given  room  by  the  removal  of  the  tops.  The  cost 
of  piling  and  burning  is  60  to  75  cents  a  thousand  feet  of  timber  cut. 
Another  method  of  disposal  now  under  trial  on  this  forest,  where 
only  a  part  of  the  stand  is  cut  at  any  time,  is  to  lop  the  tops  and 
scatter  them  so  that  they  lie  close  to  the  ground  and  can  not  carry 
fire  into  the  crowns  of  the  remaining  trees.  Studies  have  shown  (^7) 
that  close  contact  with  the  ground  hastens  the  decay  of  slash  (at  least 
of  shortleaf  pine)  very  little  in  most  situations,  and  not  at  all  on 
such  dry  areas  as  steep  hillsides  facing  the  south  and  west.  Decay 
has  been  found  to  be  slower  in  piled  shortleaf  slash  than  in  tops  left 
as  they  lie  after  logging,  which  points  to  the  desirability  of  always 
burning  the  piles. 

A  method  of  slash  disposal  developed  by  an  Alabama  company 
cutting  longleaf  pine  to  a  diameter  limit  of  about  18  inches  has 
recently  been  under  trial  on  longleaf  land  being  reforested  in  Louis- 
iana. It  consists  of  dragging  all  large  tops  free  of  standing  timber 
and  promising  young  growth  to  a  distance  of  5  to  10  feet,  and  of 
burnmg  the  leaves  and  smaller  branches  as  soon  as  they  are  dry 
enough  to  be  fired  wit!)  liglitAvood  torches.  This  requires  that  burn- 
ing continue  throughout  the  year,  and  during  dry  summers  is  likely 
to  result  in  injury  to  some  standing  trees,  in  spite  of  the  effort  to 
confine  the  work  to  damp  days.  Tops  which  can  be  dragged  to 
greater  distances  from  seed  trees  are  not  burned,  but  are  lopped 
down  and  left  to  rot.  A  foreman,  two  axmen,  and  a  teamster  with 
two  horses  dispose  of  the  tops  in  this  way  on  a  job  cutting  150,000 
board  feet  a  day,  at  a  cost  of  about  60  cents  an  acre.  This  method 
of  brush  disposal  has  its  greatest  usefulness  in  localities  where  gen- 
eral success  has  not  yet  been  attained  in  fire  protection,  and  where 
for  several  years  seed  trees  and  young  growth  are  in  considerable 


danger  from  slash  fires 
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FENCING  AS  A  FIRE  PREVENTIVE 

In  parts  of  the  South  a  very  large  number  of  fires  are  set  in  the 
sincere  belief  that  annual  burning  improves  the  forage  for  range 
livestock.  In  spite  of  the  constant  shrinkage  in  number  of  livestock 
grazing  in  the  piney  woods  in  recent  years,  there  are  still  many 
hundreds  of  thousands  of  cattle,  sheep,  goats,  and  hogs  running  at 
large  in  unfenced  areas.  These  animals  are  for  the  most  part  owned 
by  farmers  or  residents  in  the  region  who  have  title  to  very  little 
land  themselves,  but  who  make  use  of  the  forage  on  great  areas 
owned  by  their  neighbors.  The  tradition  of  grazing  stock  on  the 
open  range  is  very  strong  in  many  southern  communities,  having 
originated  when  the  land  was  public  domain  and  having  been 
strengthened  by  generations  of  undisturbed  use.  The  mere  fact  that 
title  to  both  land  and  timber  was  long  since  legally  acquired  by 
lumber  companies  or  others  has  not  greatly  altered  the  attitude  of 
the  stockmen  toward  their  use  of  the  range.  They  argue  that  if 
they  withdraw  their  stock  from  the  land,  large  quantities  of  forage 
will  go  unconsumed.  This  is  unquestionably  so,  since  in  the  great 
majority  of  cases  the  forest  industries  make  no  attempt  whatever 
to  utilize  the  forage  resources  of  their  properties.  Only  occasionally 
have  they  attempted,  by  fencing,  to  assert  their  right  to  the  exclusive 
possession  of  the  land. 

Except  in  restricted  areas,  some  utilization  of  the  forage  by  cattle 
or  horses  would  be  no  bar  to  timber  growing.  On  the  contrary,  as 
already  pointed  out,  grazing  imder  some  circumstances  has  proved  of 
distinct  value  in  cutting  down  the  amount  of  inflammable  material 
on  cut-over  longleaf  pine  land.  But  unfortunately  the  average 
southern  stockman  has  come  to  believe  that  in  order  to  make  the  most 
out  of  the  piney  woods  range  it  is  necessary  to  burn  it  over  yearly, 
and  has  in  consequence  deliberately  fired  the  unfenced  land  grazed 
by  his  stock.  Hence,  wherever  in  the  South  stockmen  are  an  impor- 
tant source  of  fires,  a  judicious  policy  of  fencing  will  be  very  effective 
in  fire  prevention.  A  substantial  fence  around  a  property  advertises 
to  the  world  that  the  owner  places  some  value  on  it,  and  there  is 
almost  everywhere  a  surprisingly  strong  rural  respect  for  a  fence. 
It  happens  that  in  parts  of  the  South  fencing  is  also  a  great  aid  to 
the  range,  because  confinement  of  stock  to  pastures  increases  the 
severity  of  grazing  and  trampling,  and  favors  such  excellent  intro- 
duced forage  plants  as  lespedeza  and  carpet  grass;  it  is  often  the 
only  effective  method  of  controlling  stock  for  eradication  of  ticks 
and  other  parasites;  and  it  is  the  surest  means  of  controlling  breed- 
ing, and  making  effective  the  introduction  of  better  sires. 

A  hasty  or  ill-considered  policy  of  fencing,  on  the  other  hand, 
may  be  a  grave  mistake.  That  is,  it  will  invite  not  only  the  setting 
of  fires  but  also  the  destruction  of  the  fence  itself  by  lawless  elements. 
There  have  been  instances  where  erection  of  a  fence  has  resulted  in 
prompt  cutting  of  the  wire  at  every  post.  The  policy  to  be  followed 
will  of  course  vary  with  the  locality  and  with  the  kind  of  stock. 
Generally,  however,  the  offer  of  continued  free  use  of  the  fenced 
range  as  long  as  it  remains  unburned  will  generally  fully  meet  the 
plea  that  reduction  of  the  available  range  by  fencing  will  starve 
animals  long  ranged  in  the  locality  and  leave  the  forage  resources 
119604°— 30 6 
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unutilized.  Numerous  hogs,  of  course,  can  not  be  tolerated  on  long- 
leaf  land,  or  sheep  and  goats  in  large  numbers  on  pineland  of  any 
kind. 

The  injustice  of  putting  the  burden  of  fencing  upon  the  forest 
landowner  is  no  greater  than  that  placed  on  the  owner  of  cultivated 
fields,  who  has  to  protect  his  crops  by  fencing.  The  final  solution 
of  the  fencing  problem  will  come  only  through  the  enactment  of 
effective  (which  generally  means  state-wide)  ''no- fence"  laws,  re- 
quiring the  owner  of  stock  to  restrain  it  under  fence.  Whenever 
and  wherever  the  farmers  and  the  timber  growers  can  show  that  their 
interests  are  of  more  value  to  the  community  than  the  interests  of 
the  users  of  the  open  range,  such  laws  will  be  passed. 

Occasional  forest-land  owners  have  employed  the  expedient  of 
buying  out  the  stockmen  who  they  have  reason  to  believe  are  par- 
ticularly active  in  burning  the  range.  By  themselves  entering  on 
a  moderate  scale  into  stock  raising  on  their  own  properties,  which 
they  eventually  fenced,  still  others  have  met  the  argument  that  the 
fencing  of  their  land  would  result  in  much  waste  of  forage.  Any 
measures  which  tend  to  eliminate  fires  set  because  of  grazing  will 
go  a  very  long  way  toward  eliminating  fires  altogether. 

RESULTS  AND  COSTS 

At  least  99  per  cent  of  the  pinelands  of  the  South  are  to-day  pro- 
ducing less  than  a  full  crop  of  wood  and  naval  stores.  Intensive 
fire  protection  alone  would  in  time  bring  probably  90  per  cent  of 
the  southern  pinelands  to  a  higher  degree  of  ])roductivity  than  they 
have  known  in  the  white  man's  day.  It  would  within  a  generation 
allow  a  highly  satisfactory  crop  of  young  growth  to  spring  up  on 
all  cut-over  pinelands  except  the  10,000,000  acres  estimated  to  be 
denuded  of  seed  trees,  and  perhaps  some  very  poor  sites.  By  foster- 
ing at  all  times  a  new  growth  of  pine  or  hardwoods  in  the  innumera- 
ble openings  of  existing  stands,  it  would  make  infinitely  easier  the 
task  of  obtaining  a  second,  third,  and  many  subseouent  crops  after 
those  stands  are  cut.  Coupled  with  the  system  or  partial  cutting 
soon  to  be  described,  it  should  eliminate  on  all  but  very  poor  sites 
the  delays  in  natural  reproduction  which  often  result  from  depend- 
ing simply  on  seed  trees  to  start  a  new  crop  of  timber. 

Intensive  fire  protection  by  improving  soil  conditions  will  in- 
crease the  rate  of  growth  of  trees  and  their  ability  to  produce  naval 
stores.  Soil  improvement  will  be  brouojht  about  to  some  degree  by 
the  return  of  vegetable  matter  annuallv  to  the  soil,  but  probably 
chiefiy  by  the  creation  of  proper  physical  conditions— that  is,  a  loose 
instead  of  a  compact  structure.  The  moisture-holding  capacity  of 
soil  beneath  a  mulch  of  pine  leaves,  or  of  dead  grass  and  other  vege- 
table matter  in  open  land,  is  markedly  better  than  that  of  soil  con- 
stantly ex])osed  to  the  beating  of  rain  and  the  direct  rays  of  the  sun. 
elust  how  large  an  effect  these  improved  soil  conditions  will  have  on 
the  growth  of  pine  and  associated  trees  it  is  not  yet  possible  to  say; 
the  process  of  improvement  may  be  long  continued. 

The  increase  in  cost  of  intensive  fire  protection  over  the  protec- 
tion prescribed  as  necessary  to  keep  land  from  becoming  barren 
should  be  jnuch  less  than  the  resultant  increase  in  productivity  of 
the  land.     This  does  not  mean  that  intensive  fire  protection  alone 
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will  bring  southern  pineland  to  full  production,  but  simply  that 
without  such  protection  the  land  can  not  possibly  produce  a  full  crop. 
Methods  Avill  naturally  be  adapted  to  the  conditions  within  the  par- 
ticular tract  to  be  protected,  and  there  will  be  considerable  variation 
in  costs,  as  shown  below. 

Protection  of  small,  isolated  tracts,  such  as  most  farm  woodlands 
are,  has  been  described  (p.  32).  A  good  fire  line  plowed  entirely 
around  the  woodland  will  meet  the  very  low  risks  involved  in  a  prop- 
erty which  is  often  within  view  of  the  farmer  owner  and  which  has 
little  logging  slash  on  it  at  any  one  time.  Because  the  cost  of  the 
fire  line  is  spread  over  a  comparatively  small  area,  and  because,  in 
the  absence  of  forest  land  on  the  other  side  of  the  line,  it  is  not 
shared  by  adjacent  acreages,  the  cost  is  high. 

A  large  tract — say,  a  township — of  cut-over  land  on  which  the 
slash  has  rotted  and  second-growth  pine  is  beginning  to  be  estab- 
lished, either  by  natural  means  or  by  planting,  is  in  a  hazardous 
condition  throughout.  If  there  are  seed  trees  on  the  tract  the  maxi- 
mum effect  of  a  single  fire  will  be  to  wipe  out  the  current  seedlings, 
which  will  in  time  be  replaced  by  others.  Protection  of  such  tracts 
by  plowing  fire  lines  around  each  160  acres  will  generally  be  justi- 
fied. In  plantations  it  may  pay  to  construct  lines  around  each  40 
acres.  Should  slash  be  present  on  any  area,  the  smaller  blocks  would 
be  desirable. 

Eighteen  to  twenty  thousand  acres  of  shortleaf  and  loblolly 
pine  is  estimated  to  be  enough  under  full  production  to  supply 
perpetually  a  mill  cutting  10,000,000  board  feet  a  year.  Intensive 
protection  of  such  a  property  will  vary  with  the  kind  of  manage- 
ment. If  it  is  handled  on  an  even-aged  basis  it  will  be  divided 
into  a  number  of  tracts  corresponding  to  the  number  of  years 
needed  to  mature  a  crop  of  timber,  each  tract  being  cut  clear  (save 
for  seed  trees)  when  it  reaches  maturity.  Under  intensive  pro- 
tection the  slash  areas  and  areas  of  young  growth  should  be  cut 
into  40-acre  blocks  by  fire  lines  and  the  slash  pulled  away  from 
the  seed  trees  in  all  current  cuttings.  Such  areas  will  constitute  a 
fifth  or  sixth  of  the  whole  tract,  and  the  remaining  four-fifths  or 
five-sixths  will  be  adequately  protected  by  the  intensified  State 
and  local  fire  systems  earlier  described. 

If  the  same  shortleaf  or  loblolly  tract  is  handled  on  an  all-aged 
basis,  trees  of  all  ages  from  seedlings  to  mature  specimens  are 
present  on  every  acre,  or  every  two  or  three  acres,  and  cutting  at 
intervals  of  10  to  20  years  removes  the  mature  trees  only.  Here  the 
lessened  hazard  in  young  growth  subject  to  killing  or  severe  injury 
on  any  particular  acre  warrants  making  the  blocks  within  fire  lines 
160  acres;  but  the  lines  must  be  established  and  constantly  main- 
tained throughout  the  property.  The  small  number  of  trees  cut 
at  any  time  eliminates  continuous  areas  of  slash,  and  no  pulling  of 
tops  appears  necessary.  In  portions  of  the  shortleaf  pine  belt 
additional  man  power  in  the  local  protective  organization  may  be 
more  effective  than  increased  use  of  fire  lines  and  can  be  employed 
at  some  saving  in  total  cost. 

Where  long-term  turpentining  is  practiced  in  second-growth  long- 
leaf  or  slash  pine,  a  little  over  10,000  fully  productive  acres,  half 
longleaf  and  half  slash,  is  necessary  to  supply  a  20-crop  still  with 
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gum  perpetually.  If  the  forest  is  made  up  of  even-aged  stands 
intensive  protection  should  break  these  into  blocks  as  small  as  15 
acres,  each  supporting  1,000  faces  on  fully  productive  land.  After 
turpentining  is  finished  and  the  trees  are  cut,  several  blocks  may  be 
thrown  together  into  units  of  about  60  acres.  Tops  should  be 
pulled  from  seed  trees,  as  in  shortleaf  and  loblolly  stands.  Xot 
far  from  half  of  the  tract  should  at  all  times  be  protected  by  fire 
lines  around  large  or  small  blocks.  In  an  all-aged  forest  oi  tur- 
pentine species  25-acre  blocks  will  contain  1,000  faces,  either  cur- 
rently worked  or  resting,  and  should  be  surrounded  permanently  by 
fire  lines. 

The  cost  of  intensively  protecting  the  above-described  properties 
is  given  in  Table  17.  These  figures  include  0.85  cent  an  acre  for  the 
cost  of  the  local  protective  system,  and  2  cents  for  the  State  system 
(50  per  cent  more  than  under  ordinary  protection).  An  allowance 
is  made  for  fire  fighting  in  all  cases. 

Table  17. — Cost  of  intensive  protection  of  wooded  areas 


Type  and  acreage  of  wooded  areas 


Succeed- 
ing years 


Isolated  farm  woodlands: 

40  acres 

160  acres... 

Cut-over  land,  no  logging  slash,  23,040  acres: 

With  seed  trees. 

Planted 

Shortleaf  or  loblolly  pineland,  current  logging,  20,000  acres: 

Even-agod  management 

All-aged  management 

Longlcaf  or  slash  pineland,  current  turpentining  and  logging,  10,000  acres 

E  ven-aged  management 

All-aged  management 


High  hazards  in  longleaf  and  slash  pine  properties,  arising  out  of 
turpentining,  make  intensive  protection  relatively  costly.  But  it 
should  be  realized  that  such  protection  will — at  least  eventually — 
justify  the  turpentine  operator  in  ceasing  to  rake  around  chipped 
trees.  Since  raking  costs  not  less  than  7  cents  an  acre  in  even-aged 
stands,  and  14  cents  an  acre  in  all-aged,  the  intensive  protection 
will  almost  pay  for  itself.  Table  17  brings  out  the  effect  on  protec- 
tion costs  of  the  size  of  the  tract  protected,  and  the  comparatively 
heavy  investment  during  the  first  year  that  will  bo  required  under 
certain  conditions  if  an  entire  *tract  is  placed  under  protection  im- 
mediately. As  a  practical  matter  the  first  high  cost  may  be  spread 
over  several  years  if  the  landowner  is  willing  to  take  temporary 
risks  with  part  of  his  property. 

IMPROVED  CUTTING  PRACTICE 


The  chief  difference  between  the  meiisurcs  necessary  to  keep  forest 
land  merely  productive  and  those  needed  to  work  it  to  full  capacity 
is  in  the  manner  of  harvesting  the  timber  crop.  This  is  true  botli  in 
turpentining  and  in  logging,  but  it  wdll  be  more  convenient  to  discuss 
turpentining  practice  later  under  a  separate  heading. 
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CLEAR   CUTTING  WITH  SEED  TREES 

It  seems  possible  to  produce  full  timber  crops  on  much  southern 
pineland  by  a  more  intensive  application  of  the  method  used  to 
keep  the  land  merely  productive;  that  is,  cutting  the  existing  stand 
clear  and  leaving  seed  trees.  All  old-field  stands  and  most  second- 
growth  stands  on  cut-over  land  have  originated  on  land  cut  clear 
or  nearly  so,  the  seed  coming  from  adjacent  timber  or  scattered 
trees  spared  by  the  logging.  They  are  normally  even-aged,  and 
continued  clear  cutting  perpetuates  this  condition. 

Where  long-continued  crowding  has  reduced  the  crowns  of  pines 
in  a  dense,  even-aged  stand  to  very  small  proportions — to  a  length, 
say,  of  less  than  one-fourth  the  total  height  of  the  trees — compara- 
tively few  trees  are  likely  to  make  satisfactory  growth  if  reserved 
for  future  cuttings,  and  under  such  circumstances  clear  cutting 
seems  desirable  (4). 

To  make  sure  of  ample  seed  in  clear  cuttings,  more  and  particu- 
larly larger  seed  trees  are  needed  than  those  described  as  necessary 
to  keep  land  merely  productive.  Long-crowned,  vigorous  trees  14 
inches  in  diameter  at  breastheight,  or  larger,  are  more  certain  to 
produce  large  quantities  of  seed  than  those  10  and  12  inches  in  diam- 
eter; and  if  three  to  six  large  trees  to  the  acre  are  left,  a  full  stand 
of  young  growth  should  be  assured.  However,  present  evidence  on 
this  point  is  by  no  means  conclusive,  and  there  is  no  assurance  at 
all  that  a  good  seed  crop  will  immediately  follow  cutting.  This  is  a 
serious  defect  of  any  method  of  clear  cutting. 

Seed  trees  should  never  be  depended  upon  to  produce  full  forest 
crops  on  shallow  soils  where  the  trees  are  subject  to  uprooting  by 
heavy  winds  (not  hurricanes,  which  blow  down  mature  trees  on 
any  type  of  soil).  The  presence  of  stiff  clay  or  harclpan  within  a 
foot  or  two  of  the  surface  should  be  a  warning  against  the  seed-tree 
method. 

The  atre  at  which  even-aged  stands  are  clear-cut  is  a  matter  of 
great  importance,  as  will  be  seen  from  a  study  of  Table  15.  A  long- 
leaf  pine  stand,  for  example,  cut  for  cordwood  at  30  years  has  made 
an  average  yearly  growth  twice  as  great  as  if  cut  at  15  years;  if  cut 
for  lumber  at  50  years,  the  yearly  growth  is  over  twice  as  great  as 
if  cut  at  30  years.  Slash  pine,  on  the  other  hand,  has  already  reached 
its  best  average  yearly  rate  of  cordwood  production  at  15  years.  If 
the  full  growing  capacity  of  the  land  is  to  be  realized,  stands  should 
be  cut  only  when  they  have  reached  their  best  jearlj  growth  rate, 
so  far  as  carrying  charges  and  business  requirements  permit. 

SELECTIVE  LOGGING 

Selective  logging  is  believed  to  be  a  surer  method  of  keeping  land 
fully  productive  than  any  method  of  clear  cutting.  By  selective  log- 
ging, or  cutting,  is  meant  the  removal  from  a  stand  of  the  large 
mature  trees  and  defective  smaller  ones,  and  the  reservation,  for 
further  growth  and  for  seed  production,  of  at  least  the  soundest  and 
most  vigorous  of  the  younger  trees.  (PI.  10,  A.)  The  better  the 
site  and  the  more  even  the  distribution  of  the  trees  by  size  the  more 
likely  is  this  method  to  give  good  results.  On  very  poor  sites,  in 
overmature  virgin  stands,  and  in  very  crowded  second  growth  it  is 
not  recommended. 
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Underlying  Principles  and  Theiii  Application 

The  proportion  of  the  trees  removed  in  selective  loggin<^  may  vary 
within  wide  limits.  Since  light  cutting  tends  to  be  more  expensive 
than  heavy  cutting,  the  practice  must  be  governed  by  business  con- 
siderations. A  farmer  may  with  profit  cut  a  few  of  the  largest  trees 
from  every  acre  of  his  woodland  at  intervals  of  five  years  or  less. 
A  lumberman  logging  with  a  tram,  on  tlie  other  hand,  may  not  find 
it  financially  possible  to  remove  any  particular  stand  in  more  than 
two  cuts.  For  him,  selective  logging  may  mean  removal  of  the 
bulk  of  the  volume  now  and  in  15  to  25  years  a  return  for  the  rest 
of  the  original  stand. 

Selective  logging  should  always  insure  full  stocking.  No  cutting 
should  be  so  heavy  as  to  fail  to  leave  abundant  trees  of  seed-pro- 
ducing size,  capable  of  reseeding  all  openings  left  by  the  removal  of 
mature  trees.  On  medium  or  poor  sites  it  is  equally  important  that 
the  cutting  be  not  too  light  to  permit  seedlings  to  obtain  a  foothold 
and  develop  at  a  good  rate.  On  good  sites  the  southern  pines  (even 
longleaf  to  some  extent)  appear  able  to  take  advantage  of  small 
openings,  although  of  course  at  a  slower  rate  of  growth  than  in  large 
openings.  On  medium  and  poor  sites,  seedlings  will  not  long  survive 
in  small  openings  owing  to  the  shading  and  particularly  the  root 
competition  of  the  surrounding  trees.  It  is  the  extreme  competition 
of  the  larger  trees  that  makes  a  system  of  partial  cutting  of  doubtful 
value  on  very  poor  soils. 

To  increase  the  rate  of  growth  of  the  forest  is  a  third  principle  of 
selective  logging.  This  may  be  done  by  cutting  the  slow-growing 
trees  so  that  a  new  forest  may  take  their  place,  and  by  leaving  for 
future  increase  in  volume  trees  that  are  already  growing  at  a  good 
rate.  It  is  obviously  a  wavste  to  fail  to  cut  mature  trees  whose  growth 
is  very  slow  or  is  offset  by  decay.  It  is  equally  a  waste  to  cut  trees 
which  are  now  barely  merchantable  and  are  still  growing  rapidly. 
Although  it  is  possible  in  selecting  trees  for  future  growth  to  recog- 
nize a  fast-growing  tree  by  such  outward  characteristics  as  the  lux- 
uriance and  healthy  color  of  the  foliage,  or  a  rounded  or  pointed  top 
(showing  that  height  growth  has  not  stopped),  or  grayness  of  the 
bark  (that  of  an  old  tree  is  very  yellow),  a  more  reliable  guide  is  an 
actual  examination  of  the  recent  growth  rings.  A  special  instrument 
known  as  an  increment  borer,  or  hollow  auger,  is  almost  indispensable 
for  this  purpose. 

Quality  growth,  however,  should  not  be  sacrificed  to  quantity 
growth.  Too  great  a  stimulation  of  growth  rate  is  not  desirable. 
Studies  at  the  Forest  Products  Laboratory  of  the  Forest  Service 
indicate  that  southern  pines  growing  at  a  medium  rate  usually  pro- 
duce wood  which  is  heavier  and  correspondingly  stronger  than  that 
of  trees  grown  at  the  excessively  slow  rate  characteristic  of  some 
virgin  stands  or  the  very  rapid  rate  conmion  in  second-growth  stands. 

Partial  cutting  should,  on  the  other  hand,  foster  quality  growth  by 
removing  trees  of  poor  form  and  quality.  Decaying,  injured,  or 
crooked  trees  may  occupy  practically  the  same  space  as  those  with  a 
sound,  straight  trunk  and  long  clear  length.  (Jne  ti*ee  of  medium 
size  and  good  form,  capable  of  producing  a  pile,  pole,  or  saw  logs, 
may  demand  as  much  space  as  two  or  three  stunted  trees  which  will 
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not  reach  anything  but  cordwood  size  within  the  time  required  by 
the  single  tree  to  mature  its  very  much  more  valuable  product.  The 
inferior  trees  should  be  cut ;  the  better  left  for  growth. 

A  final  guiding  principle  in  making  selective  cuttings  is  that  each 
acre,  or  even  part  of  an  acre,  should  be  considered  as  a  unit  in  itself. 
Absolute  flexibility  is  necessary  in  applying  any  method  of  partial 
cutting  if  the  best  possible  growth  is  to  be  attained.  Such  factors 
as  species  and  present  condition  of  forest  site  must  be  kept  in  mind  at 
all  times.  Cutting  should  always  be  adapted  to  the  character  of  the 
stand  actuall}^  present.  Partial  cutting  of  a  very  mature  stand  con- 
taining few  small  trees  is  a  mistake.  It  would  also  be  a  mistake  to 
attempt  a  selective  cutting  in  very  dense  second  growth  where  crowd- 
ing over  a  long  period  has  so  reduced  crown  lengths  that  recovery 
after  release  from  competition  is  certain  to  be  slow.  A  thrifty  stand 
of  3^oung  trees  which  is  already  somewhat  open,  and  in  which  heavy 
cutting  would  encourage  limbiness  of  the  trees  remaining,  should 
be  only  lightly  cut.  The  influence  of  site  and  species  on  cutting 
roethocls  may  be  illustrated  by  areas  where  both  shortleaf  and  lobolly 
occur  in  mixture,  and  where  the  site  is  better  adapted  to  one  species 
than  to  the  other.  For  example,  shortleaf  and  loblolly  pines  together 
very  often  seed  worn-out  fields.  On  the  disturbed  soil  the  loblolly 
will  do  well  for  a  short  period,  but  if  fertility  has  been  nearly 
exhausted,  or  if  the  land  was  relatively  poor  to  begin  with,  it  may  not 
be  able  to  maintain  its  growth  as  well  as  the  shortleaf.  In  such 
instances  the  cutting  should  be  heavier  in  the  loblolly. 

Advantages 

Selective  logging,  in  addition  to  insuring  full  stocking  of  sub- 
sequent stands  and  a  high  rate  of  growth  in  both  quantity  and  qual- 
ity of  the  present  stand,  has  other  advantages  of  equal  importance. 

Selective  cutting  shortens  or  totally  eliminates  the  delay  in  estab- 
lishing a  new  crop,  which  often  results  from  clear  cutting.  Some 
seed  is  produced  in  the  forest  practically  every  year.  For  reasons 
by  no  means  understood,  a  tree  here  and  there  in  the  stand  will  bear 
a  few  cones  in  a  year  when  its  companions  produce  practically  none. 
It  is  obvious,  therefore,  that  the  lighter  the  cutting  and  the  greater 
the  number  of  trees  left,  the  more  constant  the  supply  of  seed. 
Again,  cutting  from  a  stand  all  but  a  few  seed  trees  inevitably  ex- 
poses the  soil  to  the  drying  effect  of  both  sun  and  wind.  This  not 
only  reduces  the  survival  of  seedlings  which  germinate  immediately 
after  the  cutting,  if  the  weather  is  at  all  dry,  but  apparently  is  often 
a  sufficient  shock  to  the  seed  trees  to  delay  by  several  years  their 
production  of  a  full  crop  of  seed.  In  the  meanwhile  the  site  is 
sometimes  taken  possession  of  by  underbrush,  such  as  scrub  oak, 
which,  although  rarely  preventing  reproduction  and  development 
of  the  young  pines,  certainly  has  the  effect  of  delaying  them. 

A  substantial  obstacle  to  successful  timber  growing  is  still  un- 
doubtedly the  fact  that  second-growth  forests  on  the  average  pro- 
duce lumber  of  much  lower  quality  than  the  virgin  forest.  None 
contain  trees  as  large  as  the  veterans  of  the  virgin  forest.  What 
is  much  more  important,  their  trees  do  not  often  have  the  percent- 
age of  summer  wood  needed  for  strength,  the  wide  heartwood  needed 
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for  durability,  or  the  clear  length  and  moderately  fine  grain  needed 
for  production  of  finish  and  better  grades  in  general.  This  is 
largely  due  to  the  fact  that  the  great  bulk  of  second-growth  southern 
pine  is  in  the  even-aged  stands  resulting  from  clear  cuttings.  As 
compared  with  the  mature  trees  of  the  virgin  forest,  they  are  very 
young,  and  tlie  individual  trees  in  them  have  grown  two  or  three 
times  as  fast  as  those  in  virgin  stands.  It  is  possible  by  repeated 
selective  cuttings  to  convert  the  majority  of  even-aged  stands  to 
all-aged  stands,  and  in  them  produce  fully  as  high-quality  lumber  in 
the  future  as  has  grown  in  the  past.  Selective  logging  of  virgin 
stands  already  in  an  all-aged  condition  will  prevent  the  sacrifice 
in  quality  common  in  tlie  production  of  even-aged,  stands. 

Selective  logging  offers  to  some  sawmills  and  other  wood-using 
plants  a  means  of  bridging  the  gap  between  the  exhaustion  of  their 
present  stumpage  and  the  maturing  of  new  supplies  on  land  now 
being  cut.  A  going  lumber  company,  for  example,  may  have  de- 
nuded its  land  in  the  past  and  have  only  enough  virgin  stumpage 
to  maintain  its  present  output  for  15  years.  It  can,  by  establishing 
fire  protection  and  leaving  abundant  seed  trees,  produce  full  crops 
of  young  growth  on  its  lands  even  under  a  continued  policy  of  clear 
cutting.  But  at  the  end  of  the  15  years  it  will  have  to  shut  down 
for  lack  of  logs,  since  none  will  have  matured  on  its  cut-over  lands 
in  that  period.  Assume,  however,  that  instead  of  clear  cutting  from 
now  on,  this  company  cuts  selectively,  with  the  object  of  returning 
over  the  same  ground  at  15-year  to  25-year  intervals,  and  if  possible 
having  a  sufficient  cut  to  log  its  mill  continuously.  Its  present  cut 
and  its  present  stumpage  may  not  permit  this.  But  if  it  reduces  its 
output  by  one-third,  thus  making  its  raw  material  last  22^4  years 
instead  of  15,  and  purchases  enough  young  second  growth  capable 
of  yielding  saw  logs  in  15  or  20  years  to  extend  its  life  another  7% 
years,  at  the  end  of  30  years  it  may  well  be  in  shape  to  operate  con- 
tinuously. Everything,  of  course,  depends  on  the  growing  capacity 
of  the  soil. 

Little  definite  information  may  be  given  as  to  how  fast  trees  left 
in  selective  cuttings  will  grow,  because  the  only  figures  yet  available 
are  for  comparatively  few  trees  left  by  chance  in  past  logging 
operations.  Some  50  trees  of  the  latter  class  were  investigated  by 
the  experiment  station  (6)  at  Urania,  La.  Height  growth  since  logging 
was  negligible,  but  diameter  growth  showed  a  marked  stimulation, 
both  for  trees  completely  released  by  cutting  of  the  surrounding  trees 
and  those  little  released.  Ring  counts  and  measurements  at  breast- 
height  showed  a  diameter  growth,  for  groups  averaging  8  to  12  inches 
d.  b.  h.  at  the  time  of  release,  of  4.8  to  5.8  inches  during  the  20  years 
after  release,  in  contrast  to  a  growth  of  oidy  0.7  to  1.4  inches  during 
the  20  years  before  release.  Com])arable  increases  were  found  to 
have  been  made  at  higher  points  on  tlie  trunk.  The  fact  that  less 
growth  after  release  was  found  among  longleaf  pines  in  central 
Alabama  (/7),  and  that  complete  release  was  needed  to  ol)tain  any 
marked  response,  should  be  interpreted  as  a  caution  against  expect- 
ing the  Louisiana  increases  ever\^where.  On  the  other  hand,  care- 
ful selection  of  the  trees  to  be  left  for  additional  growth  will  cer- 
tainly tend  to  improve  growth  rates. 
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Some  idea  of  the  results  possible  from  selective  logging  in  short- 
leaf  pine  may  be  obtained  from  the  history  and  present  condition  of 
a  tract  in  Texas  (pi.  1,  B),  now  included  in  the  Cherokee  State 
Forest.^^  This  was  cut  over  in  1912,  to  a  diameter  limit  of  about 
14  inches  on  the  stump,  or  13  inches  d.  b.  h.  It  is  believed  that  with 
the  exception  of  a  few  old  red  hearts,  which  have  been  left  out  of  con- 
sideration on  this  account,  all  trees  now  13  inches  d.  b.  h.  or  larger 
have  reached  their  present  size  since  the  cutting.  A  tally  of  18  acres, 
made  in  1925-26,  showed  an  average  of  7.8  of  the  13-inch  pines  to 
the  acre,  6.1  of  the  14-inch,  4.5  of  the  15-inch,  and  3  of  the  16-inch. 
The  21  trees  contain  about  4,200  board  feet,  mill  tally.  This  is  a 
yearly  growth  in  these  trees  alone  of  300  board  feet  for  a  14-year 
period.  In  spite  of  frequent  fires,  there  is  also  an  excellent  stand 
of  trees  9  to  12  inches  in  diameter.  From  these  an  equal  volume 
of  saw  logs  should  develop  in  another  14  years,  if  the  stand  is  again 
cut  to  the  same  diameter  limit.  A  cutting  truh^  selective,  rather 
than  to  a  rigid  limit,  is  to  be  preferred. 

In  small  properties,  such  as  farm  woodlands,  selective  logging 
offers  about  the  only  solution  of  the  problem  of  obtaining  a  yearly 
or  at  least  periodic  return.  Most  farmers  will  choose  rather  to  use 
their  surplus  labor  and  teams  at  odd  seasons  every  year  in  getting 
out  the  current  products  of  their  woodlands,  than  at  long  intervals 
to  sell  the  stumpage  for  clear  cutting  by  a  sawmill  operator  or  a 
contractor  for  ties  or  poles. 

Costs 

for  fire  protection 

Since  partial  cutting  spreads  logging  operations  over  a  wider 
territory  than  clear  cutting,  the  proportion  of  any  selectively  cut 
tract  with  slash  on  it  and  requiring  intensive  protection  is  larger 
than  on  a  clear-cut  tract.  The  extra  cost  of  fire  lines  is  somewhat 
offset  by  the  greater  availability  of  fire-fighting  crews,  which  reduces 
transportation  charges  and  the  acreage  burned  over.     (Table  IT.) 

FOR   MARKING 

A  diam.eter  limit  rigidly  adhered  to  will  not  result  in  a  successful 
selective  cutting.  If  a  tally  is  available  of  the  trees  of  various  di- 
ameters in  a  tract,  a  diameter  limit  is  of  course  useful  in  calculating 
roughly  how  much  w^ood  will  be  removed  in  partial  cuttings  of  vary- 
ing severity  {8,  26,  ^7,  2fJ).  But  it  is  extremely  important  that 
the  limit  be  disregarded  when  trees  below  it  are  inferior,  and  when 
trees  above  it  must  be  left  in  order  to  insure  a  plentiful  supply  of 
seed.  Marking  the  trees  to  be  cut  is  therefore  essential.  It  should 
be  obvious  that  trees  to  be  left  in  partial  cuttings  must  be  selected 
with  great  care  and  by  trained  and  competent  men.  Selection  well 
in  advance  of  logging  and  marking  with  paint  or  some  other  semi- 
permanent substance  v.^ill  cost  probably  twice  as  much  as  marking 
seed  trees  only.    In  partial  cuttings  it  is  apt  to  be  simpler  to  mark 

31  Part  of  the  data  here  presented  was  furnished  through  the  courtesy  of  the  State 
lorester  of  Texas  and  his  staff. 
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the  trees  intended  for  cutting  rather  than  those  to  be  left,  and 
checks  on  the  felling  crews  are  surer.  Costs  should  be  from  25  to 
50  cents  an  acre. 

FOB    LOGGING 

No  attempt  is  made  here  to  discuss  logging  costs  except  as  they 
are  increased  over  ordinary  costs  by  the  removal  of  only  a  part 
of  the  stand. 

The  reduction  of  the  volume  per  acre  cut,  and  the  need  to  pre- 
serve just  as  much  as  possible  of  the  young  growth,  will  almost 
automatically  eliminate  the  use  of  the  steam  skidder.  Opinions 
differ  widely  as  to  the  relative  cost  of  steam  and  animal  logging 
under  identical  conditions.  Steam  skidders  are  much  less  commonly 
used  in  shortleaf  than  in  longleaf  pine  stands,  and  it  is  the  former 
which  lend  themselves  most  readily  to  partial  cutting.  Elimination 
of  the  skidder  on  jobs  where  conditions  favor  its  use  may  cost  from 
$0.50  to  $2  a  thousand  feet  cut,  and  occasionally  more. 

Increase  in  costs  as  a  result  of  cutting  only  part  of  the  merchant- 
able stand  at  any  one  time  will  be  considerable  on  tramroad  opera- 
tions. It  is  evident  that  if  a  mile  of  railroad  spur  is  laid  through 
four  forties  containing  1,500,000  board  feet  of  lumber,  and  if  the 
actual  cut  amounts  to  only  1,200,000  feet,  the  expense  chargeable 
to  railroad  construction  per  thousand  feet  will  be  a  fourth  greater 
than  if  the  stand  were  clear-cut.  This  increase  may  amount  to  10 
or  15'  cents  a  thousand.  On  the  other  hand,  old  cuts  and  fills  in 
the  pine  region  last  for  a  remarkably  long  time,  and  ma^  be  utilized 
after  a  lapse  of  10  or  20  years  with  very  little  additional  work. 
The  reduction  in  cost  of  subsequent  tramroad  construction  made 
possible  by  their  presence  is  probably  50  per  cent  or  more  of  the 
original  cost  on  main  lines,  and  25  per  cent  on  spurs,  in  the  more 
rolling  portions  of  the  coastal  plain. 

Certain  items  of  overhead  expense  are  increased  when  the  cut 
from  a  unit  of  timber  land  is  lessened  through  partial  cutting. 

These  undeniable  additions  to  overhead  and  the  cost  of  logging 
are  counterbalanced  in  whole  or  in  part  by  reductions  in  other 
items  of  logging  cost  and  by  increases  in  the  selling  price  per 
thousand  feet  as  a  result  of  betterment  of  the  average  grade.  Ashe 
(5)  thus  sums  up  his  findings  in  a  shortleaf  pine  operation  in  the 
North  Carolina  pine  territory : 

In  felling  and  bucking  the  man  capacity  is  practically  twice  as  mucli 
working  up  trees  having  a  diameter  of  20  inches  as  when  working  up  trees 
which  are  8  inches.  If  this  work  is  done  by  day  labor  the  cost  Is  nearly 
twice  as  much;  if  done  by  contract  or  on  a  log  basis  the  difference  must 
still  be  paid  for.  In  skidding  it  requires  nearly  throe  times  as  long  to 
skid  1,000  feet  b.  m.  of  lumber  in  logs  which  are  8  inches  in  diameter  as  it 
does  to  skid  the  same  amount  in  logs  which  are  20  inches  in  diameter.  This 
same  proportion  liolds  practically  irrespective  of  whether  skidding  is  with 
cable  or  team. 

The  capacity  of  a  loaded  car  practically  determines  the  cost  of  hauling, 
for  a  car  loaded  with  small  logs  weighs  as  much  and  costs  as  much  to  haul 
as  a  car  loaded  with  large  logs.  A  car  loaded  with  logs  10  inclies  in  diameter 
has  a  capacity  of  1.150  board  feet  mill  cut;  one  loaded  with  20-iuch  logs 
carries  3,220  feet,  or  three  times  as  much,  and  it  i\Hiuii*es  4  times  as  long  to 
load  1.000  feet  of  the  smaller  timber  as  that  quantity  ol'  the  larger  size. 

In  an  average  band  mill  it  requires  twice  as  long  to  saw  one  thousand  board 
feet  of  lumber  from  logs  which  average  eight  inches  in  diameter  as  from  logs 
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which  are  twenty  inches  in  diameter.  Consequently,  the  mill  has  only  half  the 
output  if  operating  upon  the  smaller  size  as  it  would  have  if  operating  upon 
the  larger  size  and  the  cost  of  sawing  is  more  than  twice  as  much.  Certain 
types  of  mills  have  been  constructed  especially  to  handle  small  logs,  but  even 
in  the  most  efficient  mill  of  this  type,  as  well  as  in  gang  sawmills,  it  still  costs 
far  more  per  thousand  feet  mill  cut  to  operate  small  logs  than  those  of  larger 
size. 

On  this  job  at  least,  where  the  8  to  12  inch  trees  made  up  about 
15  per  cent  of  all  trees,  and  the  average  tree  was  close  to  20  inches  in 
diameter,  the  increase  in  average  selling  price  was  calculated  to 
more  than  offset  the  increase  in  overhead  per  thousand  feet  result- 
ing from  failure  to  cut  the  small  trees.  On  small  sawmill  jobs  cut- 
ting shortleaf  pine  in  Arkansas,  Garver  and  Miller  ^2  found  that 
trees  10  inches  d.  b.  h.  and  smaller  were  manufactured  into  lumber 
at  an  actual  loss,  and  that  it  "took  at  least  a  14-inch  tree  to  yield  a 
reasonable  return  for  profit  and  risk,  with  anything  left  over  for 
stumpage. 

Further  light  is  thrown  on  this  subject  by  a  study,  made  in  1924 
by  the  operator  of  a  modern  band  mill,  of  the  grade  of  lumber  pro- 
duced from  nearly  1,900  shortleaf  pine  logs  of  different  diameters. 
The  logs  were  obtained  from  a  clear  cutting  such  as  is  shown  in 
Plate  2,  C.  A  tally  was  kept  not  only  of  the  amount  of  lumber  of 
various  grades  sawed  from  these  logs,  but  of  the  percentage  which 
went  into  1  and  2  inch  stock.  The  logs  were  so  graded  that  it  was 
possible  to  avoid  lumping  the  output  of  small  top  logs  from  large 
trees  with  that  of  butt  logs  from  small  trees.  "  Clear "  logs  in- 
cluded small  logs  which  were  surface  clear,  and  logs  16  inches  and 
over  in  diameter  with  two  or  three  knots.  No.  1  logs  were  those 
containing  numerous  small  knots  that  would  make  largely  No.  1 
lumber.  The  percentages  of  B  and  Better,  No.  1,  No.  2,  and  No.  3 
lumber  in  these  grades  of  logs,  over  a  range  of  7  to  18  inches  in 
diameter,  are  shown  in  Figure  7;  also  the  percentage  of  1-inch  lum- 
ber, in  itself  a  good  indicator  of  grade.  The  increase  in  proportion 
of  high  grades  and  of  1-inch  lumber  with  increase  in  diameter  is 
striking.  Largely  as  a  result  of  this  study,  the  operator  now  cuts 
few  trees  less  than  14  inches  in  diameter. 

CULTURAL  OPERATIONS 

As  timber  becomes  more  valuable  in  the  South,  it  may  be  well  to 
heed  the  experience  of  other  sections  of  the  country,  where  timber 
growing  has  been  longer  practiced  and  where  intensive  care  of  the 
timber  crop  has  been  justified  by  earlier  maturity  or  higher  quality 
of  the  final  product.  There  is  no  reason  why  such  care  should  not 
pay.  Intensive  care  includes  such  so-called  cultural  operations  as 
cleanings,  thinnings,  and  release  cuttings. 

CLEANINGS 

Cleanings  remove  from  a  stand  early  in  its  life  species  of  trees 
which  are  of  little  value  and  which  interfere  with  the  development 
and  growth  of  the  better  species.  Such  cleanings  may  profitably 
be  made  in  mixed  stands  of  pine  and  hardwoods.     Examples  are 

'^  Garver,  R.  D.,  and  Miller,  R.     Op.  cit. 
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to  be  found  in  brush  woods,  hammocks,  and  similar  lands  adjacent 
to  small  streams,  in  which  loblolly  pine  sometimes  has  difficulty  in 
establishing  itself  when  repeated  culling  of  the  pine  has  reduced  the 
seed  supply  and  given  the  hardwoods  the  upper  hand.    Both  short- 
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Figure  7. — An  Okluliomu  manufacturer  of  virgin  sliortloaf  pine  tallied  tho  quantity 
of  each  grade  and  dimenHlon  of  lumber  he  sawed  from  lo;;s  of  various  sizes.  The 
increase  in  quality,  as  sliown  l)y  lii^h  percentaKes  of  H  and  Better  and  of  1- 
incli  boards,  with  increase  in  size  of  logs,  he  found  to  be  strllcin>; 


leaf  and  longleaf  on  poor  sites  are  often  badly  handicapped  by  the 
competition  of  hardwoods. 

No  effort  should  be  made  to  eliminate  the  hardwoods  indiscrimi- 
nately from  these  mixtures,  since  with  fire  protection  it  may  be  pos- 
sible to  mature  some  of  the  valuable  species  in  practically  the  same 
length  of  time  as  pine.  Again,  it  is  entirely  possible  that  the  stiffer- 
limbcd  hardwoods  in  a  mixture  with  pine  hasten  natural  pruning  of 
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the  pine  by  mechanical  action,  and  on  that  account  are  well  worth 
retaining  in  small  numbers.  Red  gum  or  sweetgum  {Liquidamhcur 
styraci-fiua) ^  yellow  poplar  {Liriodendron  tulipifera)^  and  the  better 
species  (those  cut  now  when  sound)  of  oak,  ash,  elm,  and  hickory, 
are  probably  as  valuable  as  the  pines  in  good  soils.  On  poor  soils 
and  even  rocky  uplands,  white  oak  {Quercus  alba)  and  post  oak 
{Q.  stellata)  are  similarly  worth  preserving  under  fire  protection. 
Elimination  of  the  inferior  species,  however,  such  as  maple,  the 
scrubby  oaks,  and  pignut  hickories,  is  advisable,  since  even  under 
favorable  conditions  they  can  not  be  expected  to  produce  wood  equal 
in  value  to  that  of  the  pines.  In  very  young  stands  the  systematic 
removal,  with  a  light  ax  or  macliete,  of  hardwoods  hampering  pines, 
may  well  prove  worth  the  cost.  The  work  should  be  done  while  the 
hardwoods  are  still  of  such  size  that  a  single  stroke  will  break  or 
cut  them  down.  No  such  work  is  known  to  have  been  done  in  the 
South,  but  somewhat  similar  work  in  New  England  stands  of  mixed 
hardwoods  and  white  pine  have  cost  from  $2  to  $4  an  acre.  Since 
the  material  so  cut  is  rarely  of  any  merchantable  value,  this  is  a 
direct  outlay. 

THINNINGS 

Thinnings  remove  from  young  stands  trees  which  are  of  desirable 
species  but  of  inferior  form  or  rate  of  growth,  or  which  are  crowding 
better  trees.  In  dense,  even-aged  stands,  or  even-aged  groups  in 
selection  stands,  excessive  crowding  slows  down  the  rate  of  growth 
to  a  point  where  none  of  the  trees  can  develop  satisfactorily,  and  it 
is  this  condition  that  is  remedied  by  thinning.  The  objects  of  thin- 
ning— as  of  all  cultural  operations — are  to  improve  the  quality  of 
the  final  product  and  to  reduce  the  time  required  to  grow  it ;  also  to 
salvage  for  man's  use  trees  that  are  otherwise  destined  to  die  of 
crowding  and  be  lost  through  rot.  Reproduction  is  not  expected  as 
a  result  of  thinning.  It  is  for  the  benefit  of  the  existing  stand,  not 
of  a  succeeding  one. 

Shortleaf  appears  more  likely  to  benefit  from  thinning  than  the 
other  chief  species  of  southern  pine.  The  average  number  of  trees 
to  the  fully  stocked  acre  is  greater,  and  overstocking  appears  to  be 
more  common,  particularly  in  old  field  stands.  Care  must  be  taken, 
however,  that  thinnings  do  not  encourage  limbiness  by  giving  short- 
leaf  pines  too  much  light  among  the  lower  branches.  Longleaf  pine 
has  the  virtue  of  bearing  few  branches  and  pruning  its  stem  naturall}^ 
if  only  slightly  crowded,  so  that  even  wide-spaced  stands  produce 
clear  lumber.  This  indicates  the  possibility  of  thinning  longleaf 
heavily  so  as  to  encourage  turpentine  production  without  greatly 
lowering  the  quality  of  the  Vv^ood  production.  The  extraordinary 
early  growth  of  slash  and  loblolly  appears  to  result  in  rapid  natural 
thinning,  rendering  artificial  thinning  of  little  value  except  in  the 
salvage  of  the  material  in  the  weaker  trees.  However,  thinning 
young  slash  pine  stands  to  develop  vigorous  trees  for  turpentining 
may  prove  desirable. 

METHODS 

The  two  most  common  methods  of  thinning  are  known  as  thinning 
from  below  and  thinning  from  above. 
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In  thinning  from  below,  the  larger  trees  in  each  stand  are  freed 
from  the  rather  feeble  competition  of  the  shorter  and  less  vigorous 
trees,  and  are  thus  able  to  reach  full  maturity  at  the  earliest  possible 
date.  The  chief  drawback  in  this  method  of  thinning  lies  in  the 
fact  that  all  of  the  material  removed  is  of  small  size  and,  unless 
local  markets  are  particularly  favorable,  can  not  be  sold  even  at  the 
cost  of  cutting.  The  method  known  as  thinning  from  above,  al- 
though less  practiced  in  North  America  than  the  one  just  described, 
seems  to  be  Vv^ell  worth  a  trial  in  the  South.  Under  this  method  the 
trees  in  a  stand  best  suited  to  make  up  the  final  crop  at  maturity  are 
singled  out,  and  thinning  is  directed  toward  those  larger  neighbors 
which  are  chiefly  interfering  with  their  growth.  The  trees  selected 
for  leaving  are  not  necessarily  the  largest  trees,  but  those  having  a 
good  clear  length,  coupled  with  vigor.  Since  some  of  the  larger 
trees  are  taken  out  under  this  method,  the  smaller,  overtopped  ones 
are  generally  left  to  cast  shade  and  prevent  the  soil  from  drying  in 
the  openings.  The  great  advantage  of  the  method  is  the  fact  that  it 
3delds  material  likely  to  have  good  sale  value. 

The  common-sense  method  of  thinning  in  southern  pine  stands  is 
not  to  adhere  too  rigidly  to  either  of  these  systems  of  thinning;  thin- 
ning from  below  will  often  be  out  of  the  question  as  a  financial  propo- 
sition, and  thinning  from  above  may  cause  considerable  breakage  of 
the  smaller  trees.  A  modification  has  been  suggested  by  Ashe  (5), 
under  which  all  large,  limby  trees  are  cut,  as  well  as  the  smallest  trees 
where  merchantable;  the  medium-sized  trees,  with  good  but  not 
excessive  clear  length,  are  left  to  put  on  a  rapid  growth  of  high-grade 
wood. 

The  age  at  w^hich  thinnings  are  begun  and  the  interval  between 
thinnings  are  generally  arrived  at  by  a  compromise  between  what  is 
desirable  from  the  standpoint  of  most  rapid  growth  of  the  trees  (qual- 
ity considered)  and  the  cost  of  the  work.  A  certain  amount  of  crowd- 
ing is  of  course  necessary  if  the  trees  are  to  be  pruned  naturally  of 
their  lower  limbs  by  shading,  so  that  an  open,  understocked  stand,  if 
needing  thinning  at  all,  will  not  need  it  until  later  in  life  than  a  dense 
stand.  Ideally,  thinnings  should  be  begun  as  soon  as  the  dominant 
trees— -those  receiving  on  their  crowns  some  side  light  as  well  as  over- 
head li|^ht — fall  off  m  diameter  growth ;  or  at  least  as  soon  as  trees 
containing  merchantable  material  start  to  drop  out  of  the  stand  as 
a  result  of  crowding.  In  any  thinning,  of  whatever  type,  trees  that 
seem  likely  to  die  before  the  next  thinning  are  cut  if  usable,  because 
otherwise  they  w^ill  be  destroyed  by  rot.  Practically,  thinnings  are 
not  often  recommended  until  the  material  removed  wdl  at  least  repay 
all  costs  of  removal.  From  that  time  forward  they  are  repeated  if 
possible  at  intervals  of  5  to  10  years,  although  these  figures  are  not 
fixed.  Thinnings  should  create  no  openings  that  are  too  large  to  be 
filled  by  the  growing  crowns  of  the  remaining  trees  by  the  time  of  the 
proposed  next  thinning. 

Costs 

Although  as  a  general  rule  thinnings  are  not  recommended  if  they 
involve  a  cash  outlay,  that  is  if  they  do  not  yield  material  of  enough 
value  to  pay  for  the  cutting,  under  some  circumstances  it  may  pay  to 
invest  a  small  sum  in  them.    Plate  10,  B,  shows  a  slash  pine  stand 
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thinned  at  a  cost  of  about  $1.50  an  acre  (including  selection  of  the 
trees  to  be  left),  there  being  no  market  for  small  cordwood.  The 
owners  had  in  mind  here  improvement  of  spacing  for  naval-stores 
production.  The  Georgia  forestry  department  has  experimented  with 
thinning  slash  pine  stands  as  young  as  5  to  8  years  by  selecting  100  of 
the  most  promising  saplings  on  each  acre  and  removing  all  their  com- 
petitors within  a  distance  of  5  feet.  This  has  cost  $1.75  to  $2  an  acre, 
and  should  leave  the  stand  in  excellent  shape  for  early  turpentining. 

Crowded  portions  of  young  longleaf  stands,  in  which  the  trees 
could  be  felled  with  one  stroke  of  an  ax,  were  thinned  by  a  lumber 
company  at  an  average  cost  of  about  25  cents  an  acre  for  1,200  acres 
of  irregular  growth  in  southern  Alabama.  The  spacing  aimed  at  in 
this  thinning — 8  to  10  feet  each  way — could  have  been  increased  to 
advantage,  at  perhaps  twice  the  cost.  The  selection  of  the  trees  to 
be  cut  and  the  actual  cutting  in  such  young  stands,  where  costs  must 
be  kept  low  because  there  are  no  returns,  may  be  combined  in  the 
hands  of  intelligent  day  laborers  if  supervision  is  close.  This  is 
because  the  choice  of  trees  to  cut  is  based  principally  on  size  and  a 
rather  mechanical  spacing.  A  crew  of  half  a  dozen  laborers  under 
a  good  foreman  should  be  able  to  cover  30  to  40  acres  a  day  in  average 
slash  or  longleaf  pine  sapling  stands.  It  will  cost  more  to  thin  con- 
tinuous areas  of  dense  growth. 

The  later  thinnings  in  southern  pine  stands  may  be  expected  to 
yield  material  which  will  not  only  return  all  labor  costs  involved 
but  small  stumpage  values  also.  Thus  Akerman  (2)  reports  a  margin 
of  $5.47  an  acre  from  a  second  thinning  in  a  32-year-old  loblolly  pine 
stand  in  Georgia  which  had  been  thinned  15  years  before  at  a  very 
small  financial  loss. 

rettjens 

The  return  in  final  yields  to  be  obtained  from  thinning  the  southern 
pines  may  not  yet  be  confidently  predicted,  for  few  stands  have  been 
thinned,  and  those  relatively  recently.  Whether  repeated  thinnings, 
say,  from  the  time  fuel  wood  is  obtainable  up  to  first-class  saw-log 
maturity,  will  result  in  a  final  stand  greater  in  board-foot  volume 
than  would  have  developed  had  the  stand  been  left  unthinned,  is 
doubtful.  Unquestionably,  hoAvever,  the  mature  trees  in  a  stand 
thinned  even  once  or  twice  will  yield-  higher  grade  lumber,  because 
they  are  straight,  clean-stemmed,  and  of  comparatively  large  size; 
and  any  profit  made  on  material  taken  out  in  the  thinnings  will  be 
a  clear  gain.  The  thinned  stand  should  also  reach  maturity  a  few 
years  earlier  than  the  natural  stand.  Even  less  is  known  about  the 
value  of  thinnings  in  stands  handled  primarily  for  naval-stores  pro- 
duction, but  they  are  regarded  hopefully  by  many  well-informed  men. 

RELEASE  CUTTINGS 

A  release  cutting  is  the  cutting  or  killing  of  large  trees  of  poor 
species  or  form  which  are  interfering  with  young  growth  of  good 
species.  Although  these  large  trees  may  occasionally  be  pines  which 
are  not  needed  for  seed  production,  they  are  far  more  commonly 
unmerchantable  hardwoods.  A  single  tree  will  sometimes  shade  or 
rob  of  food  the  young  growth  on  a  quarter  acre,  and  its  removal 
even  at  a  cash  outlay  may  be  justified.     Certainly  coarse-limbed  or 
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defective  hardwoods  that  can  be  converted  into  any  material  at  all 
that  will  pay  costs  should  be  cut  for  the  benefit  of  young  growth  of 
pine  or  hardwoods.  If  the  trees  contain  no  usable  wood,  girdling, 
or  "  frilling  "  accompanied  by  pouring  coal  oil  or  arsenical  poisons 
into  the  wound,  may  be  resorted  to.  Frilling  consists  in  hacking 
through  the  bark  with  an  ax  all  around  the  tree,  without  removing 
a  chip.  The  most  effective  time  to  do  the  work  appears  to  be  late 
winter. 

Destroying  large  trees  to  release  young  growth  is  expensive  if  the 
wood  has  no  market  value.  A  small  amount  of  this  work  recently 
undertaken  on  the  Ouachita  National  Forest  in  Arkansas,  where  the 
undesirable  trees,  chiefly  oaks,  were  felled  and  the  tops  lopped  and 
piled,  indicates  that  it  may  cost  as  much  as  $2  an  acre.  Naturally 
the  variation  in  size  and  number  of  trees  destroyed  makes  a  general 
figure  of  little  value. 

IMPROVED  TURPENTINING  PRACTICE 

In  all  too  many  turpentine  orchards  a  large  number  of  trees  "  dry- 
face  "  before  the  end  of  the  normal  chipping  period,  and  cease  to 
yield  any  gum.  Some  die.  Particularly  in  second-growth  stands,  a 
large  proportion  of  the  surviving  trees  are  so  riddled  by  borers  and 
consumed  by  rot  that  they  may  not  increase  at  all  in  usable  volume, 
although  remaining  on  the  ground  and  by  their  competition  for  light 
and  food  preventing  young  growth  from  coming  in.  Many  are  in 
such  a  weakened  condition  that  they  are  unable  to  produce  seed  for 
natural  reproduction.  Eventually  most  of  these  turpentined  trees 
are  broken  by  the  wind  before  they  are  able  to  reach  crosstie,  saw- 
log,  or  pole  size.  In  virgin  stands  not  cut  immediately  after  turpen- 
tining is  finished,  the  faced  trees  encumber  the  ground  for  many 
years  and,  although  not  nearly  so  numerous  as  in  second-growth 
stands,  may  often  keep  as  large  a  proportion  of  the  land  idle.  In 
both  second-growth  and  virgin  stands  ordinary  methods  of  naval- 
stores  production  are  the  primary  cause  of  a  serious  lowering  in  the 
rate  of  forest  production. 

The  most  necessary  modifications  of  turpentining  practice  are  as 
follows : 

Putting  one  face  only  on  trees  not  large  enough  for  profitable  cutting  after 
turpentining  is  finished. 

Elimination  of  boxes. 

Avoidance  of  deep  cuts  in  setting  and  particularly  in  raising  tins.  This  may 
bo  accomplished  by  the  use  of  2-piece  saw-tooth  aprons,  and  by  nailing  gutters 
or  aprons. 

Limiting  width  of  faces  to  not  over  one-third  the  girth  or  circumference  of 
the  tree. 

Preservation  of  bark  bars  at  least  4  Inches  in  width  between  the  faces. 

Restriction  of  depth  of  streak  to  at  most  0.75  inch  in  longleaf,  and  0.5  inch 
in  slash. 

Care  in  scraping  to  avoid  exposure  of  dry  wood. 

In  the  narrow-sapped  timber  of  virgin  stands  the  streak  should 
not  be  deeper  than  0.5  inch,  even  in  longleaf  pine.  This  is  the  prac- 
tice on  the  Choctawhatchee  National  Forest.  On  that  forest  no  cup 
may  be  hung  on  any  tree  below  10  inches  d.  b.  h. ;  not  more  than  one 
cup  on  trees  below  16  inches;  not  more  than  two  on  trees  below 
24  inches ;  and  not  more  than  three  on  any  tree,  regardless  of  size. 
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These  modifications  of  ordinary  turpentining  practice  involve  no 
costs  that  are  not  fully  offset  by  increased  yields  either  in  the  cur- 
rent or  later  working  periods.  By  these  means  it  should  be  possible 
nearly  to  eliminate  dry  facing  and  death  of  turpentined  trees,  except 
such  as  would  die  anyway  of  natural  causes.  Furthermore,  the  trees 
will  continue  to  grow  after  chipping  ceases,  provided,  of  course,  there 
are  no  fires  in  the  abandoned  orchard,  and  will  be  ready  to  work 
again  after  a  rest.  Some  lowering  in  rate  of  growth  is  probably 
to  be  expected.  Gary  (7)  found  that  ordinary  commercial  chipping 
reduced  both  diameter  and  height  growth  of  chipped  trees  by  about 
one-third.  On  the  other  hand,  the  very  careful  turpentining  methods 
employed  in  France  {^S)  are  said  to  reduce  the  growth  of  maritime 
pine  scarcely  at  all. 

Theoretically  it  should  be  possible  to  chip  trees  for  many  years 
before  they  are  to  be  cut.  Practically  it  is  unlikely  that  in  future 
management  of  longleaf  and  slash  pine  lands  for  full  production 
the  quality  of  the  wood  grown  on  them  can  he  dismissed  from  con- 
sideration. Under  the  best  turpentining  practice  some  rot  and  insect 
damage  will  occur  if  the  trees  are  not  cut  for  many  years  after  their 
first  cupping,  and  pitch  soaking,  blue  staining,  and  similar  defects 
will  develop  in  the  butt  logs.  It  is  therefore  suggested  that  three 
4-year  periods  of  work,  with  a  year  of  rest  between,  be  the  limit 
for  turpentining  vigorous  trees  and  that  not  more  than  one  face 
be  worked  at  a  time.  The  cupped  trees  would  then  be  cut  at  the 
end  of  14  years. 

After  the  first  4-year  working  and  1-year  rest  the  trees  are  to  be 
back  cupped  for  another  four  years,  care  being  taken  to  place  the 
back  face  as  close  to  the  front  as  is  possible  without  running  the 
risk  of  reducing  the  bark  bar  to  less  than  a  4-inch  width  at  any 
time.  In  the  tenth  year  the  third  face  will  be  placed  between  the 
other  two,  and  worked  the  same  number  of  years.  Such  a  system  of 
three  4-year  periods  of  work  can  not  be  applied  at  all  to  trees  as 
small  as  8  or  9  inches  without  reducing  the  width  of  face  to  less  than 
6  inches,  considering  the  requirements  for  bark  bars.  Even  on  10 
to  12  inch  trees  the  faces  can  not  be  wider  than  7  or  8  inches.  Since 
7-inch  faces  have  of  late  years  been  hardly  profitable  to  work,  no 
trees  below  10  inches  should  be  worked  under  this  plan.^^ 

All  streaks  should  be  narrow,  that  is,  the  chipping  should  proceed 
slowly  up  the  tree.  Experiments  show  that  on  both  virgin  and 
second-growth  timber  faces  raised  more  than  12  to  16  inches  by  32 
streaks  yield  no  more  gum  over  a  4-year  period  than  low  faces. 
The  lower  the  face,  the  less  wood  is  exposed  to  degrade  as  a  result 
of  chipping. 

Except  on  very  poor  sites  most  10-inch  trees  will  in  the  14  years 
of  chipping  reach  merchantable  size  for  ties,  piles,  poles,  or  saw  logs. 
This  should  also  be  seed-producing  size,  and  although  seed  pro- 
duction will  probably  be  less  than  from  round  trees,  it  should  be 

23  For  Dractical  purposes  a  7-inch  face  on  a  tree  of  any  size  may  be  taken  to  yield  about 
the  same  as  a  7-inch  tree,  other  conditions  o&  course  being  the  same.  The  average  yield 
of  7-inch  slash  and  longleaf  trees  is  seen  from  Table  18  to  be  less  than  2o  barrels  of 
spirits,  and  25-barrel  timber  on  recent  markets  has  not  paid  its  way. 
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enough  to  maintain  a  stand  fully  stocked  at  all  times.  If  it  is 
planned  to  cut  the  stand  clear,  the  necessary  seed  trees  must  be  left 
unchipped. 

SELECTIVE  TURPENTINING 

By  selective  turpentining  is  meant  turpentining  of  only  a  part  of 
the  trees  in  a  stand  rather  than  all  trees  of  sufficient  size  to  hold  a 
cup,  and  also  suiting  the  style  of  chipping  to  the  condition  of  the 
tree.  In  underlying  principles  and  advantages  it  is  parallel  to 
selective  cutting,  already  discussed,  and  the  reader  is  therefore 
referred  to  earlier  pages. 

Prominent  among  its  advantages  is  the  opportunity  to  avoid  the 
working  of  unprofitable  faces.  This  avoidance  resembles  the  re- 
moval of  slow-growing  trees  and  the  leaving  of  vigorous  in  selective 
cutting.  Even  healthy  faces  may  be  relatively  unprofitable  if  they 
are  on  trees  of  too  small  a  size  or  too  slow  a  growth.  The  influence 
of  diameter  of  the  tree  on  yield  of  naval  stores  may  be  seen  from 
Table  18.^*  Because  a  great  many  factors  influence  the  yield  of 
turpentined  trees,  such  as  soil,  weather  conditions,  manner  of  chip- 
ping, and  year  of  working,  the  figures  given  have  their  greatest  use 
as  a  mean  of  comparing  large  and  small  trees  (33).  Since  it  costs 
practically  as  much  to  work  a  6-inch  tree  as  a  14-inch  tree,  it  is  very 
evident  that  there  is  an  enormous  variation  in  the  profits  to  be  ob- 
tained from  turpentining  large  and  small  trees.  Selective  turpentin- 
ing will  enable  the  operator  to  avoid  working  trees  which  are  hope- 
lessly low  in  yield. 

Table  18. — Calculated  yield  of  turpentine,  in  barrels  of  spirits  per  crop,  from 
second-growth  longleaf  and  slash  pines  of  various  diameters  at  Starke,  Fla., 
1925 
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56.9 

56.2 

8 

29.4 

32.2 

13 

64.1 

62.2 

9 

36.2 

38.4 

14 

70.9 

68.4 

10 

43.1 

44.4 

1  Vigorous  trees  only.    Socond-yoar  work,  one  face  per  tree  (trees  over  10J4  inches  cupped  15  jrears  previ- 
ously), chipped  one-half  by  one-half  inch,  33  streaks. 
»  Vigorous  trees  only.    First-year  work,  one  face  per  tree,  chipped  one-half  by  one-half  inch,  33  streaks. 


Not  only  size,  but  the 
growing  appears  to  have 


rate  at  which  the  tree  has  recently  been 
a  very  marked  effect  on  gum  yield.    This 


rate  is  best  expressed  in  terms  of  the  number  of  annual  growth  rings 
in  the  last  inch  of  growth  measured  from  the  bark  toward  the  center 
of  the  tree.  Preliminary  figures  obtained  by  the  Southern  Forest 
Experiment  Station  indicate  that  the  yield  of  gum  from  slash  pines 

»*  This  Is  probably  the  Influonce  of  width  6t  face,  at  least  within  the  range  of  dlaraetera 
given  in  Table  18.  Under  ordinary  practice,  which  was  folIow«'d  in  the  study  whence  tlie 
table  was  derived,  width  of  face  is  about  one-third  the  circumference  of  the  tree,  regard- 
less of  the  tree's  size.  However,  faces  wider  than  14  inches  do  not  yield  in  proportion 
to  their  width,  low  yield  at  the  peak  apparently  offsetting  the  extra  width. 
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having  but  three  rings  in  the  last  one-half  inch  (that  is,  which  in  the 
last  three  years  grew  one-half  an  inch  in  radius,  or  an  inch  in  diame- 
ter) was  60  per  cent  greater  than  the  yield  from  a  tree  having  10 
rings  in  the  last  one-half  inch.  These  figures  are  for  trees  of  about 
the  same  total  diameter. 

In  selective  turpentining,  it  should  be  possible  to  take  advantage 
of  this  knowledge  by  suiting  the  style  of  chipping  to  the  tree.  At 
the  same  time  that  thrifty  trees  capable  of  yielding  heavily  during 
the  12-year  period  of  chipping  which  has  been  recommended  are  thus 
carefully  worked,  slow-growing  and  failing  individuals  may  be  tiir- 
pentined  to  death.  That  is,  they  may  be  worked  with  a  wide  face,  or 
two  faces  on  trees  8  inches  and  above,  with  the  object  of  getting  all 
the  gum  possible  in  three  or  four  years  and  exhausting  the  trees  in 
the  process.  Their  death  will  favor  the  growth  of  the  thrifty  trees 
and  give  room  for  reproduction  to  start.  To  draw  the  line  between 
thrifty  and  unthrifty  trees  will  require  a  thorough  knowledge  of 
growth  rates  in  the  particular  stand  concerned. 

Costs 

To  the  operator  who  buys  a  lease  at  so  much  a  thousand  faces  there 
is  no  increase  in  costs  as  a  result  of  selective  turpentining.  That  is, 
provided  the  number  of  faces  per  acre  to  be  worked  is  not  cut  below 
10  or  12,  and  provided  his  general  expense  and  depreciation  per  crop 
are  not  raised  by  lessening  the  volume  of  gum  coming  currently  to 
his  still.  Operators  who  have  paid  a  lump  sum  for  the  turpentining 
privileges  on  a  given  tract  for  a  short  period  will  lose  money  when- 
ever they  fail  to  hang  a  cup  on  any  tree  capable  of  yielding  a  net 
profit. 

Careful  selection  of  the  trees  to  be  worked,  some  lightly  for  con- 
siderable periods,  others  very  heavily  for  short  periods,  will  involve 
a  cash  outlay  for  the  landowner,  whether  he  works  his  own  timber 
or  leases  it.  The  cost  should  be  about  the  same  as  for  marking  trees 
in  selective  cuttings — 25  to  50  cents  an  acre.  This  expense  will,  how- 
ever, make  the  marking  unnecessary,  since  it  is  the  chipped  trees 
which  are  removed  when  cutting  begins. 

THINNING  BY  TURPENTINING  TO  DEATH 

The  same  process  described  for  working  the  poorer  trees  in  mature 
stands  under  selective  turpentining  may  be  used  to  thin  young 
stands  of  longleaf  or  slash  pines  in  advance  of  turpentining  the 
main  crop  of  trees.  Working  the  smaller  trees  to  death  by  placing 
wide  faces  or  two  faces  on  them  takes  the  place  of  cutting ;  chipping 
to  death  trees  containing  merchantable  wood  merely  postpones 
cutting  by  two  or  three  years. 

The  fact  that  yield  of  gum  increases  with  increased  width  of 
growth  rings  will  influence  the  spacing  of  the  trees  in  thinning  long- 
leaf  or  slash  pines.  Trees  given  plenty  of  room  will  have  few  rings 
to  the  last  inch  of  growth  and  will  yield  more  naval  stores  than 
trees  growing  at  the  best  rate  for  high-quality  wood  production. 
The  early  returns  obtainable  from  gum  appear  to  justify  some 
sacrifice  in  quality  of  the  wood.     Thinnings  will  therefore  be  heavier 
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in  stands  to  be  turpentined  than  in  those  whiclf  are  not.  (PL  10,  B.) 
With  this  exception  the  earlier  discussion  of  thinning  methods 
applies  also  to  thinning  by  turpentining  to  death. 

PLANTING 

Planting  or  some  other  form  of  artificial  reforestation  is  the  only- 
means  left  of  restoring  to  productivity  lands  which  have  been  so 
thoroughly  stripped  of  seed  trees  as  to  be  unable  to  reseed  naturally. 
It  is  also  useful  in  bringing  partially  stocked  lands  up  to  full  pro- 
duction by  filling  small  blanks  or  openings  which  might  not  restock 
naturally  for  some  time.  But  as  a  substitute  for  natural  regenera- 
tion on  a  large  scale  it  has  already  been  described  as  inadvisable. 
The  fact  that  seeding  or  planting  costs  are  a  cash  outlay  and  that  a 
bad  fire  may  make  it  necessary  to  repeat  them  in  whole  or  in  part 
should  be  carefully  weighed  before  the  land  is  stripped  of  the  trees 
which  would  supply  the  seed  for  another  stand  of  seedlings  at  no 
further  cost. 

If  artificial  methods  of  producing  forest  crops  are  ever  justified 
as  a  substitute  for  natural  methods  it  is  on  lands  without  advance 
reproduction,  under  the  following  conditions : 

When  it  is  doubtful  whether  any  trees  which  might  be  left  will  bear  an 
abundant  seed  crop  within  a  reasonable  time.  This  situation  may  arise  with 
longleaf  pine  in  particular. 

When  planting  is  plainly  the  cheaper  method,  even  considering  the  cost  of 
replanting  if  fire  wipes  out  the  plantations.  For  example,  it  may  occasionally 
be  found  that  the  virgin  longleaf  forest  over  considerable  acreages,  such  as  a 
forty,  contains  only  very  large  and  overmature  trees.  To  reserve  even  one 
or  two  large  trees  to  the  acre  may  cost  more  than  planting,  and  lightning  or 
the  sudden  change  in  conditions  produced  by  cutting  the  surrounding  stand 
is  likely  to  prove  fatal  to  the  seed  trees.  Such  stands  of  other  species  are 
rare,  and  fortunately  longleaf  plantations  are  less  subject  to  serious  fire  damage 
than  those  of  slash,  shortleaf,  or  loblolly  pine. 

When  all  trees  suitable  for  seed  production  have  already  been  turpentined. 
This  is  an  almost  universal  condition  in  the  second-growth  stands  of  the  east- 
ern naval  stores  territory,  and  the  only  alternative  to  seeding  or  planting  is 
an  increase  in  the  number  of  trees  left,  and  continued  raking  about  them.  A 
similar  condition  making  seeding  or  planting  necessary  is  the  absence  of  trees 
of  seed-bearing  size  from  a  stand  which  is  to  be  cut  clear,  as  for  pulpwood. 
This,  however,  is  not  at  all  common. 

In  considering  whether  or  not  to  plant,  it  is  well  to  remember 
that  artificial  forestation  with  southern  pines  has  not  yet  been 
thoroughly  tested  on  adverse  sites,  such  as  deep  sands  or  rocky  lands, 
or  in  the  face  of  abundant  scrub  oak,  palmetto,  and  other  growth 
that  will  crowd  the  planted  pines.  On  the  other  hand,  planting  of 
sites  adapted  to  it  has  one  great  advantage — proper  spacing  of  the 
young  trees.  Natural  seeding  is  prodigal  and  wastetul,  and  gen- 
erally results  in  a  stand  so  spaced  that  some  of  the  saplings  are 
overcrowded  and  unnecessarily  weakened,  while  others  have  so  much 
room  as  to  grow  up  limby  and  coarse-grained.  Planting  trees  at 
regular  intervals  may  save  the  cost  of  an  early  thinninjj.  Although 
no  old  plantations  may  be  cited  as  evidence,  it  seems  entirely  possible 
that  good  spacing  from  the  beginning  will  cut  the  time  required  to 
reach  pulpwood  maturity  by  3  to  5  years,  and  saw-log  maturity  by  5 
to  10  years. 
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METHODS 

Details  of  the  methods  used  in  artificial  reforestation  are  described 
in  earlier  Government  publications  {31^  32) .  Only  an  outline  will  be 
given  here. 

The  gathering  of  seed  and  its  direct  sowing  on  the  land  to  be  re- 
forested would  appear  to  be  the  cheapest  method.  But  experience 
both  in  the  South  and  elsewhere  in  the  United  States  has  shown  that 
planting  is  almost  always  cheaper  in  the  long  run.  Broadcast 
seeding  is  particularly  to  be  avoided,  primarily  because  it  sacrifices 
the  advantage  of  good  spacing. 

The  selection  or  the  species  of  pine  to  plant  on  any  site  should  be 
very  largely  governed  by  the  character  of  the  original  growth.  Al- 
though it  is  possible  that  the  faster  growing  species,  loblolly  and 
slash  pine,  may  grow  to  maturity  if  planted  on  dry  and  high  land 
which  in  the  virgin  forest  was  covered  by  longleaf  or  shortleaf  pine, 
their  use  is  risky.  Both  loblolly  and  slash  pine  normally  grow  in 
the  virgin  forest  on  soils  which  are  wet,  or  at  least  well  supplied 
with  moisture.  It  is  possible  that  the  slash  pine,  which  seems  to  be 
a  very  aggressive  species,  has  been  confined  to  the  wetter  lands  by 
the  white  man's  annual  fires,  and  when  fire  protection  is  assured 
can  be  successfully  grown  in  drier  situations  also.  Again,  loblolly 
pine  has  an  extremely  adaptable  root  system,  and  without  any  direct 
aid  from  man  has  already  invaded  thousands  of  acres  in  Virginia 
and  the  Carolinas  which  were  originally  the  habitat  of  longleaf  only. 
Nevertheless,  the  use  of  these  species  on  hilly  land  or  well-drained 
sands  should  be  considered  as  an  experiment  {19).  The  only  safe 
thing  to  do  is  to  plant  the  original  species,  assuming  that  what  has 
grown  on  a  tract  in  the  past  can  grow  there  again  and  is  best  adapted 
to  that  site. 

For  similar  reasons  the  use  of  local  seed  as  a  source  of  planting 
stock  is  to  be  recommended.  Seed  collected  in  one  portion  of  the 
wide  range  of  such  a  species,  for  example,  as  shortleaf  pine  will 
produce  seedlings  adapted  to  the  climatic  and  soil  conditions  there, 
but  perhaps  poorly  adapted  to  the  conditions  in  another  portion. 
Seed  collected  locally  from  vigorous  trees  of  good  development  should 
be  used  wherever  possible. 

Nursery-grown  planting  stock  has  been  found  to  be  very  much 
superior  to  wild  stock  (seedlings  dug  up  in  the  woods).  It  is 
enough  to  say  of  nursery  practice  that  experience  has  demonstrated 
fairly  well  that  the  seed  of  all  four  of  the  chief  species  should  be 
sown  in  the  nursery  in  the  early  spring;  that  the  seed  should  be 
covered  either  with  a  light  layer  of  sterile  sand  or  with  burlap,  the 
burlap  to  be  removed  as  soon  as  germination  is  complete ;  that  if  the 
seedlings  can  be  watered,  shading  is  unnecessary;  that  the  use  of 
chemical  weed  preventives  may  materially  reduce  the  cost  of  hand 
Aveeding  without  seriously  injuring  the  seedlings;  and  that  longleaf 
seedlings  should  be  grown  at  the  rate  of  30  or  40  to  the  square  foot 
of  bed,  and  other  species  at  the  rate  of  50  to  70  to  the  square  foot. 
The  burlap  covering  will  usually  give  protection  from  seed-eating 
birds,  and  any  serious  attacks  by  mice  can  be  broken  up  by  use  of 
poisoned  grain. 
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More  than  one  season's  growth  in  the  nursery  will  rarely  be  neces- 
sary for  the  southern  pines.  The  seedlings  may  be  lifted  any  time 
during  the  first  winter  following  germination  and  planted  directly 
on  the  land  to  be  reforested.  A  very  simple  and  easy  way  to  prepare 
cut-over  land  for  planting  and  keep  the  planting  rows  parallel  is  to 
plow  furrows  one  way  of  the  site.  On  hilly  ground  they  should  fol- 
low the  contours,  not  cut  across  the  hills  and  draws.  Such  furrows 
should  be  from  6  to  8  feet  apart,  the  wider  spacing  appearing  satis- 
factory for  slash  pine  and  certainly  for  longleaf.  The  seedlings  are 
planted  about  the  same  distances  apart  in  the  rows.  In  planting  the 
openings  in  natural  stands  to  complete  the  stocking,  regular  spacing 
is  more  difficult  to  attain.  A  long-handled  dibble,  or  instrument 
resembling  a  crowbar,  is  the  most  satisfactory  tool  for  planting. 

The  foregoing  measures  have  been  found  to  be  quite  satisfactory 
on  ordinary  favorable  sites.  That  is,  survival  at  the  end  of  the  first 
season  has  been  found  to  range  between  75  and  95  per  cent  where 
the  work  was  done  with  ordinary  care. 

COSTS 

The  cost  of  planting  southern  pine  will  vary  somewhat  with  the 
species  and  the  availability  of  seed.  Shortleaf  and  loblolly  pines 
bear  appreciable  quantities  of  seed  nearly  every  year,  and  for  these 
the  cost  of  seed  should  be  fairly  uniform — from  $1.50  to  $3  a  pound 
for  loblolly,  and  from  $2.50  to  $5  for  shortleaf  pine.  Small  quan- 
tities, such  as  are  ordinarily  most  convenient  to  obtain  from  nursery- 
men or  seed  dealers,  will  naturally  cost  considerably  more.  Long- 
leaf  pine,  on  the  other  hand,  bears  seed  only  at  long  intervals,  and  no 
satisiactory  method  has  yet  been  found  for  storing  it.  The  cost  is 
therefore  low  in  good  seed  years,  sometimes  as  little  as  $1  a  pound, 
but  in  poor  years  the  seed  may  be  almost  unobtainable.  The  usual 
range  is  from  $1.50  to  $2.50. 

Pine  seedlings  have  been  raised  in  large  quantities  at  a  cost  of  $1 
to  $4  a  thousand  satisfactory  seedlings,  including  the  cost  of  seed. 

On  cut-over  land  with  little  brush  an  experienced  crew  of  one  man 
and  a  boy,  using  a  dibble  in  plowed  furrows,  should  plant  1,500  to 
1,800  seedlings,  spaced  6  to  8  leet  apart,  in  a  day.  The  cost  is  there- 
fore about  $3  a  thousand  seedlings,  or  roughly  speaking,  $3  an  acre. 
Replacements,  should  they  be  necessary,  will  cost  probably  two  or 
three  times  as  much  per  seedling  and  will  hardly  pay  if  survival  is  as 
high  as  75  per  cent  and  the  fail  places  are  evenly  scattered. 

The  total  cost  of  artificial  reforestation  will  be  from  $4.50  to 
$6.50  an  acre,  including  the  cost  of  plowing  the  rows.  A  cash  invest- 
ment of  any  such  amount  is  decidedly  worth  intensive  fire  protection, 
such  as  fire  lines  around  every  40  acres.  Well-spaced,  vigorous 
trees  should  reach  a  size  to  resist  fires  somewhat  earlier  than  crowded 
natural  growth. 

PROTECTION  AGAINST  INSECTS 

Insects  are  sometimes  extremely  destructive  in  the  southern 
pineries.  For  example,  in  1925  over  500,000,000  board  feet  of 
merchantable  pine  timber  in  Texas  and  Louisiana  died  from  insect 
attack,  following  a  very  severe  drought. 
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For  detailed  information  on  southern  forest  insects,  and  directions 
for  their  control,  various  publications  of  the  Bureau  of  Entomology 
of  the  United  States  Department  of  Agriculture,  and  of  the  State 
entomologists,  should  be  consulted.  Only  a  few  facts  about  the 
most  important  insects  will  be  given  Here. 

Bark  beetles  {DendTOctonus  frontalis  Zimm.) — chubby  black 
insects  about  a  quarter  of  an  inch  long  that  in  great  numbers  attack 
standing  trees  and  kill  them  by  girdling  them  under  the  bark — are 
occasionally  very  destructive  in  the  shortleaf  and  loblolly  pine 
forests  of  the  coastal  plain,  although  less  common  there  than  in  the 
piedmont.^^  These  tiny  insects  are  not  ordinarily  present  in  large 
numbers  throughout  the  piney  woods,  but  at  times  concentrate  their 
attack  on  small  areas,  locally  known  as  "  worm  deadenings,"  where 
they  kill  every  tree.  Anything  which  weakens  the  trees,  such  as 
a  severe  fire  or  extended  drought,  renders  the  forest  less  able  to  with- 
stand a  bark  beetle  attack.  The  cutting  of  a  few  trees  in  a  stand 
during  the  spring  or  summer  appears  to  attract  the  insects  to  the 
neighborhood,  and  to  encourage  a  concerted  attack  on  living 
trees  {28). 

If  during  the  summer  months  the  foliage  of  any  considerable 
number  of  pines  in  a  small  area  is  observed  to  be  turning  yellow, 
the  trunks  above  the  first  log  should  be  examined  for  what  is 
known  as  pitch  tubes.  Pitch  tubes  are  little  accumulations  of  fresh 
pitch  bled  from  the  entrance  holes  of  bark  beetles.  They  appear 
as  white  spots  dotted  about  over  the  bark  of  the  tree.  If  these 
evidences  of  the  presence  of  bark  beetles  are  found,  logging  opera- 
tions should  be  directed  into  the  tract  at  once,  and  all  of  the  trees 
which  appear  at  all  unhealthy  should  be  cut.  There  is  no  known 
means  of  saving  trees  already  attacked,  but  prompt  cutting  will 
salvage  valuable  material  and  tends  to  prevent  the  beetles  from 
spreading.  The  cutting  of  trees  whose  foliage  has  turned  com- 
pletely brown  is  quite  futile  as  a  measure  of  control,  since  the 
beetles  have  long  since  left  such  trees. 

The  danger  of  bark-beetle  attack  may  be  somewhat  reduced  by 
confining  logging  operations  to  the  winter  months.  This  is  of 
course  possible  only  on  small  jobs  such  as  those  in  farm  woodlands. 

The  Nantucket  tip  moth  larva,  or  worm  {Rhfijacionia  f  rust  ana 
Com.),  whose  adult  closelj^  resembles  the  ordinary  house  moth,  has 
been  found  to  kill  the  main  shoot  of  young  loblolly  and  shortleaf 
pines.  It  is  more  common  in  cut-over  land  than  in  the  forest. 
Because  a  side  branch  very  promptly  takes  the  place  of  the  lost 
leader,  the  moth  ordinarily  does  nothing  more  than  deform  the 
young  trees.  But  where  the  infestation  is  extremely  heavy,  it  is 
estimated  by  entomologists  that  5  to  10  years  may  be  added  to 
the  period  required  to  bring  a  stand  to  saw-log  maturity.  The 
moth  rarely  attacks  slash  pine,  and  does  not  bother  longleaf  at  all. 
No  effective  control  measures  have  yet  been  devised,  but  fortunately 
the  trees  are  nearly  immune  from  attack  after  reaching  a  height 
of  10  to  15  feet. 

25  Bark  beetles  should  not  be  confused  with  the  ordinary  pine  sawyer  and  flat-headed 
borers,  which  in  the  summer  time  get  into  logs  or  standing  dead  and  dying  pine  trees. 
Such  beetles  never  attack  living  trees,  and  therefore  do  not  affect  plans  for  keeping  forest 
lands  productive. 
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The  turpentine  borer  {Buprestis  apricans  Hbst.)  causes  a  great 
deal  of  destruction  by  boring  into  the  dead  sapwood  and  heartwood 
of  green  trees  exposed  to  his  attack  by  turpentining  {13).  A  face 
which  dries  or  from  which  the  gum  is  removed  by  excessive  scraping 
or  the  action  of  fire,  checks  readily,  and  allows  the  adult  beetles  to 
lay  their  eggs  in  the  cracks  of  the  face.  The  resultant  grub  or  worm 
bores  its  way  at  random  through  the  tree  for  probably  two  or  three 
years.  It  plays  a  surprisingly  large  part  in  ruining  the  wood  and 
finally  weakening  the  tree  to  such  a  degree  that  it  is  broken  by 
even  ordinary  winds.  This  damage  to  turpentined  trees  can  be 
avoided  only  by  the  use  of  conservative  methods  of  turpentining, 
followed  by  fire  protection  as  long  as  the  tree  stands. 

PROTECTION  FROM  DISEASE 

As  in  the  preceding  section,  the  purpose  here  is  to  give  only  a  few 
of  the  more  important  facts  upon  which  protection  may  be  based. 
A  needle  blight  {Septoria  acicola  (Thiim.)  Saccardo),  which  in  the 
course  of  a  season  may  kill  many  of  the  needles  of  any  species  of 
pine,  appears  at  present  to  be  serious  only  on  longleaf.  In  some  lo- 
cations and  in  some  seasons  longleaf  seedlings  die  of  the  disease  in 
great  numbers,  but  as  yet  so  little  is  understood  about  the  process 
that  no  remedy  or  preventive  can  be  suggested  with  confidence. 

Two  types  of  heart  rot  are  concerned  in  the  destruction  of  the 
wood  of  living  trees  of  southern  pine — red  heart,  due  to  the  fungus 
Tranietes  pini,  and  butt  rot,  due  mainly  to  Polyporus  schweinitzii. 
The  former  starts  from  spores,  microscopic  bodies  corresponding  to 
seeds,  which  germinate  on  dead  branches  or  branch  stubs.  Wood  in 
the  first  stage  of  infection  is  known  as  "  sound  red  heart "  and  ad- 
mitted to  the  lowest  grades  of  lumber.  The  butt  rot,  because  it  can 
not  penetrate  healthy  bark  or  thoroughly  resin-coated  wood,  is 
largely  dependent  on  fire  scars  for  entrance  and  to  a  great  extent 
can  be  controlled  by  fire  prevention.  Wounds  on  either  butts  or 
roots  made  during  logging  may  also  admit  butt  rot.  The  longer 
a  tree  lives  the  more  liable  it  is  to  infection  by  both  of  these  types 
of  heart  rot.  Hence  one  method  of  combating  the  rot  fungi  is  to 
cut  trees,  and  particularly  wounded  trees,  before  they  reach  an  age 
when  attack  is  almost  certain.  There  is  great  need  tor  information 
on  method  of  infection,  age  at  which  heartwood  develops,  and  age 
at  which  the  rot  commonly  gains  a  foothold. 

Chipping  a  tree  for  turpentine  breaks  the  bark,  and  would  ex- 
pose the  wood  to  the  spores  of  rotting  fungi  if  it  were  not  for  the 
heavy  flow  of  resin  which  very  promptly  covers  the  wound.  When 
a  tree  dry  faces  under  too  heavy  chipping  or  as  a  result  of  fire  or  ex- 
cessive scraping  the  pitchy  face  checks  open  and  allows  the  spore 
to  reach  exposed  wood.  Decay  of  the  interior  of  the  tree  is  very 
rapid.  As  there  is  no  known  cure  for  the  rot,  once  established,  pre- 
vention is  of  the  greatest  importance.  It  consists  in  modification  of 
ordinary  turpentining  methods  and  fire  protection. 

All  avaihible  information  on  tree  diseases  of  this  region  may  be 
obtained  from  the  Office  of  Forest  Pathology,  Bureau  of  Plant  Indus- 
try, United  States  Department  of  Agriculture,  and  from  the  plant 
pathologists  of  the  State  agricultural  experiment  stations. 
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REFORESTATION  OF  POOR  SITES 

A  small  percentage  of  pine  soils  are  of  such  poor  quality  for  tree 
growth  that  neither  clear  cutting  with  the  reservation  of  seed  trees 
nor  any  system  of  selective  cutting  can  be  confidently  expected  to 
keep  them  productive.  How  to  make  them  produce  full  forest  crops 
is  at  present  even  more  uncertain.  Chief  among  them,  at  least  in 
continuous  extent,  are  the  sand  hills  of  the  Carolinas  and  Georgia, 
and  the  deep  sands,  without  a  clay  subsoil  or  "  foundation,"  of  west- 
ern Florida  and  adjacent  parts  of  Alabama.  (Fig.  1.)  On  these 
sands  longleaf  pine  is  the  overwhelmingly  predominant  species. 

One  obstacle  to  the  natural  reforestation  of  the  sand  hills  by  means 
of  seed  trees  is  the  condition  of  these  tracts  (not  cut-over  land 
proper),  as  a  result  of  years  of  abuse.  Although  rarely  clear-cut 
in  a  single  operation,  most  of  them  have  been  culled  from  time  to 
time,  until  the  present  stand  is  only  a  remnant  of  the  original  forest. 
The  trees  left  are  generally  flat-topped,  overmature,  and  of  low 
vigor,  although  of  fair  diameter.  Even  the  largest  produce  seed 
sparingly  in  ordinary  years.  Studies  of  the  1924  cone  crop  on  the 
Choctawhatchee  National  Forest  showed  that  but  8  per  cent  of  10- 
inch  trees  bore  50  cones,  which  may  perhaps  be  taken  as  the  lowest 
number  for  an  abundant  seeder  in  a  fair  seed  year.  Only  a  third  of 
the  17-inch  trees  did  as  well,  and  not  over  half  in  any  diameter 
class.  Large  acreages  of  these  lands  are  almost  barren  of  any  young 
pines.  Constant  fires  and  the  gradual  disappearance  of  the  original 
forest  of  pine  have  favored  the  growth  of  various  kinds  of  brush, 
chiefly  scrub  oaks  and  palmetto.  This  brush,  and  frequent  long 
droughts,  have  made  it  difficult  for  the  pine  seedlings  to  survive, 
especially  as  their  growth  is  at  best  slow.  Hogs  have  further  deci- 
mated their  ranks. 

Until  investigations  by  the  Forest  Service  are  further  advanced 
than  at  present  only  general  suggestions  may  be  offered  for  the 
management  of  the  deep  sands.  It  is  certain  that  fire  protection  is 
necessary  for  just  as  many  years  as  possible  in  advance  of  cutting 
or  turpentining.  Because  of  the  extreme  openness  of  the  stands, 
a  large  percentage  of  most  tracts  is  not  fully  utilized  by  the  roots 
of  mature  pines,  and  there  is  every  reason  why  this  ground  should 
be  given  the  opportunity  to  reproduce  to  pine  it  the  competing  brush 
and  grass  will  permit.  Fires  every  one  or  two  years  have  in  the  past 
repeatedly  destroyed  countless  slow-growing  seedlings,  and  caused 
the  hardwood  brush  to  sucker  freely  from  the  roots.  Although  many 
seedlings  would  undoubtedly  have  been  smothered  by  fallen  oak 
leaves  or  starved  out  by  all  kinds  of  other  vegetation,  some  would 
have  survived  to  work  their  way  up  through  the  brush.  Absence 
of  fire  allows  the  oaks  to  assume  tree  size,  and  in  so  doing  they 
gradually  thin  out  sufficiently  to  give  the  young  pines  beneath  them 
a  chance. 

Every  eifort  should  be  made  th-ough  fire  protection  to  get  young 
growth  started.  In  so  poor  a  soil  as  these  sands  there  is,  however, 
a  wide  area  around  every  mature  tree  where  pine  seedlings  have  great 
difficulty  in  surviving  for  any  length  of  time,  because  all  available 
soil  moisture  is  taken  up  by  the  long-established  roots  of  the  larger 
tree.     If  the  tree  is  cut,  the  area  surrounding  the  stump  often  remains 
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bare  because  of  lack  of  pine  seed.  In  other  cases,  since  seed  trees 
of  first  quality  are  rarely  present,  many  poor  seed  trees  must  be  left, 
and  these  oner  too  much  competition  to  permit  seedlings  to  get 
started. 

Under  similar  conditions  in  Europe  (of  course  with  other  species) 
the  practice  is  to  put  off  cutting  the  stand  until  two  or  three  years 
after  a  good  seed  year,  and  then  to  cut  clear,  depending  on  the 
survival  of  enough  seedlings  beneath  the  parent  trees  to  reforest 
the  openings.  Although  it  will  not  often  be  possible  to  defer  the 
logging  of  southern  pine  in  this  way,  long-continued  fire  protection 
before  logging  should  have  somewhat  the  same  effect.  Because  of 
the  greater  fire  hazard  in  North  America,  it  is  probably  not  safe 
to  remove  all  seed-bearing  trees. 

Planting  or  some  other  method  of  artificial  reforestation  after 
clear  cutting  is  of  course  a  possibility,  but  one  which,  to  the  extent 
of  our  present  knowledge,  offers  but  little  encouragement  on  poor 
soils.  Cutting  the  stand  in  strips  not  over  100  yards  wide,  leaving 
an  uncut  strip  about  a  third  or  half  as  wide  between,  is  another 
possibility  on  large  operations  where  it  is  feasible  to  return  some 
years  later  for  the  uncut  trees. 

MANAGEMENT  OF  FOREST  LANDS  FOR  SUSTAINED  YIELD 

The  measures  here  described,  if  employed  with  intelligence  and 
a  full  knowledge  .of  underlying  principles,  should  in  time  render  the 
great  bulk  of  southern  pinelands  fully  productive.  Intensive  fire 
protection  will  make  possible  an  abundant  reproduction  of  pine 
seedlings  in  advance  of  cutting  or  turpentining,  and  will  preserve 
against  destruction  both  this  and  later  young  growth;  it  will  put 
an  end  to  the  fire  scarring  which  has  been  a  chief  contributmg 
cause  of  injury  to  living  trees  by  insects  and  disease;  and  it  will 
permit  of  soil  conditions  favorable  to  tree  growth.  Fencing  will 
afford  the  protection  against  hogs,  sheep,  and  goats  which  is  some- 
times necessary  to  young  growth.  Conservative  methods  of  turpen- 
tining will  prevent  many  of  the  present  serious  losses  of  gum  and 
wood.  Clear  cutting,  with  reservation  of  abundant  seed  trees,  will 
provide  for  the  establishment  of  new  forests  in  localities  where 
advance  growth  is  not  sufficient  for  a  full  stand.  Selective  logging 
will  not  only  keep  a  new  generation  of  trees  always  coming  on, 
but  will  improve  the  average  rate  of  growth  of  the  existing  stand, 
both  in  quantity  and  quality. 

Thinnings  in  young  stands  dedicated  to  forest  production  will 
at  least  raise  the  quality  of  the  final  crop  and  will  shorten  the  period 
needed  to  mature  it.  Planting  will  improve  the  stocking  ol  open 
stands,  and  on  occasional  areas  will  prevent  delays  unavoidable  in 
natural  reproduction.  Protection,  largely  in  the  form  of  preventives 
against  insect  and  fungous  attacks,  will  avert  loss  of  standing  timber 
and  losses  in  timber  quality. 

The  effectiveness  of  these  measures  in  bringing  forest  lands  to 
full  productivity  will  depend  upon  the  skill  with  which  they  are 
applied.  Just  as  in  any  other  profession  or  business,  men  trained 
in  the  science  and  art  of  timber  growing  should,  other  qualifica- 
tions being  equal,  surpass  in  management  of  timberland  those  who 
have  had  no  training.    Forest-land  owners  in  the  South  interested 
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in  managing  their  land  for  forest  production  will  therefore  do  well 
to  consult  the  forestry  officials  of  their  respective  States,  or  other 
competent  advisers. 

A  roster  of  these  officials  will  be  found  on  page  112,  and  a  list 
of  private  or  consulting  foresters  at  work  in  the  southern  pine  region 
may  be  obtained  from  the  Forester,  United  States  Forest  Service, 
Washington,  D.  C.  The  extension  foresters  of  the  several  States 
confine  their  work  to  farm  woodlands,  but  the  State  foresters  advise 
owners  of  large  properties  as  well.  In  the  nature  of  the  case  these 
public  officials  can  rarely  go  farther  than  preliminary  examinations 
and  recommendations,  leaving  detailed  and  continuous  advice  to 
foresters  employed  directly  although  not  necessarily  exclusively  by 
the  property  owner.  Published  results  of  investigations  by  the 
Southern  Forest  Experiment  Station  of  the  Federal  Government  may 
be  obtained  by  addressing  requests  to  its  headquarters  at  New 
Orleans,  La. 

The  forest-land  owner  who  plans  to  make  his  property  fully  pro- 
ductive will  not  stop  with  a  consideration  of  forest  practices  alone. 
He  will  wish  to  put  his  timber  growing  on  a  business  basis.  There 
are  evident  disadvantages  in  raising  a  crop  which  does  not  ripen 
each  year,  but  only  at  comparatively  long  intervals.  The  long  wait 
for  the  trees  to  mature  is  beyond  any  question  the  great  obstacle  to 
timber  growing  the  world  over,  and  even  in  regions  of  such  rapid 
growth  as  the  South  it  can  be  overcome  only  by  careful  planning  and 
intelligent  managership.  A  plan  of  management  whereby  a  fairly 
uniform  quantity  of  forest  products  may  be  harvested  yearly,  or 
every  few  years,  is  essential  to  any  productive  forest  property,  re- 
gardless of  size.  Such  a  sustained  yield  can  not  be  attained  without 
a  plan. 

The  preparation  of  a  workable  plan  of  management  for  a  forest 
property  requires  a  thorough  inventory  of  the  present  forest;  a 
careful  study  of  the  rate  of  growth  of  which  the  land  is  capable, 
and  to  which  over  a  long  period  of  years  all  cutting  must  be  re- 
stricted; and  the  drafting  of  a  cutting  budget  designed  to  fit  the 
existing  stand  and  the  growth  rate.  Sound  understanding  of  the 
technic  of  such  work  is  fully  as  necessary  here  as  in  the  actual  woods 
practice. 

A  sustained  yield  of  forest  products  is  possible  from  either  even- 
aged  stands,  such  as  result  from  clear  cuttings,  or  all-aged  stands, 
such  as  are  fostered  by  any  kind  of  selective  cuttings.  The  smaller 
the  property,  however,  the  less  practicable  it  is  to  attempt  to  obtain 
an  annual  yield  from  a  succession  of  clear  cuttings,  and  in  fact  to 
obtain  annual  yields  at  all.  Thus  in  a  40-acre  larm  woodland  in 
which  saw  logs  mature  in  40  years  clear  cutting  of  an  acre  each  year 
is  less  likely  to  be  employed  than  periodic  selective  cutting  of  the 
larger  trees  over  a  substantial  part  of  the  tract.  In  practice,  it  is  not 
likely  that  the  farmer  would  cut  saw  logs  anywhere  on  the  property 
oftener  than  about  every  five  years,  although  he  might  continue  to 
cut  cordwood  each  year. 

The  advantages  of  obtaining  a  sustained  annual  yield  from  a  forest 
property  are  many ;  some  of  them  have  been  stated  or  implied  earlier 
in  this  bulletin.  Annual  revenue  solves  the  problem  of  forest  taxa- 
tion in  nearly  all  communities  where  tax  assessments  and  tax  rates 
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are  not  in  themselves  excessive.  Again,  the  item  of  depreciation — a 
very  considerable  one  in  many  instances — is  reduced,  and  the  often 
substantial  benefit  of  business  good  will  continues  to  operate  in  favor 
of  the  "  going  concern,"  when  a  forest  industry  so  orders  its  raw 
material  as  to  be  able  to  remain  in  business  indefinitely. 

Lastly,  a  sustained  annual  yield  leads  the  way  out  of  the  compound- 
interest  difficulty.  The  fact  that  trees,  even  the  fast-growing  south- 
ern pines,  take  years  to  mature  into  merchantable  material,  and  that 
an  investment  in  bare  forest  land  can  not  be  expected  to  yield  its 
first  return  before  15  to  25  years,  has  led  to  a  general  acceptance  of 
the  idea  that  interest  rates  for  forest  investments  must  always  be 
compounded.  This  may  have  deterred  some  southern  forest-land 
owners  from  investing  money  in  the  protection  of  their  properties  and 
from  taking  the  various  other  steps  necessary  to  make  the  land  pro- 
ductive. The  argument  is  heard  most  frequently  among  lumbermen 
owning  large  properties.  But  it  may  well  be  questioned  whether  the 
owner  whose  land  cost  him  nothing,  because  it  was  thrown  in  with 
the  timber  at  a  fixed  price  for  the  whole,  is  justified  in  charging  either 
simple  or  compound  interest  for  future  use  of  the  land  for  timber 
growing. 

Most  southern  pine  manufacturers  are  involuntary  landowners, 
becoming  possessed  of  their  property  as  a  by-product  of  their  main 
business — the  conversion  of  trees  into  lumber  and  other  products. 
Even  seed  trees  on  these  properties  rarely  represent  a  cash  invest- 
ment on  which  interest  must  be  compounded,  since  in  the  original 
purchase  nothing  was  paid  for  them.  If  it  were  possible  to  take 
these  same  tracts,  convert  them  promptly  into  cash,  and  then  re- 
invest the  money  in  a  business  which  over  a  long  period  of  years 
could  be  expected  to  earn  interest  compounded,  there  would  be  better 
grounds  for  charging  compound  interest.  As  a  matter  of  fact  the 
acreages  of  cut-over  southern  pineland  are  too  vast  to-day  to  permit 
of  the  sale,  except  at  low  valuations,  of  land  without  a  promising 
crop  of  young  growth. 

Only  simple  interest  is  chargeable  against  the  investment  in  a 
going  property,  that  is,  a  property  producing  an  annual  income.  A 
storekeeper,  for  example,  does  not  keep  rent  and  taxes  on  his  books 
and  pyramid  their  value  by  compound  interest  year  after  year,  but 
rather  charges  them  off  yearly  from  current  sales.  It  seems  unrea- 
sonable to  require  that  lorest  properties  invariably  pay  interest  at 
a  compound  rate,  and  once  a  forest  property  is  put  on  a  going  basis 
there  is  an  annual  return  from  whicn  to  meet  the  charges  of  simple 
interest. 

EXAMPLES  OF  PRODUCTIVE  PROPERTIES 

A  few  examples,  from  public  and  private  practice,  are  given  here 
to  show  how  the  intensive  measures  lUst  discussed,  sometimes  rather 
academically,  are  being  applied  to-day  to  specific  forest  properties. 

The  Ouachita  National  Forest  has  already  been  referred  to  as  lying 
in  a  region  which  in  times  past  has  suffered  severely  from  fires.  In 
spite  of  a  very  strong  local  sentiment  in  favor  of  burning  the  woods, 
in  the  past  few  years  a  determined  campaipi  of  education,  an  in- 
creasingly effective  system  of  detecting  and  reporting  fires,  better 
roads,  and  vigorous  organization  for  fire-fighting,  have  reduced  the 
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percentage  of  the  forest  burned  over  to  a  yearly  average  of  1.4  per 
cent.  The  average  yearly  cost  from  1924  to  1928  was  6%  cents  an 
acre,  including  fire  fighting.  Under  carefully  prepared  plans  of 
management,  the  timber  is  being  sold  to  commercial  operators  and 
by  them  cut  on  a  selective  basis  to  a  flexible  diameter  limit  of  14 
inches,  which  in  this  region  of  relatively  slow  growth  permits  of  a 
return  over  the  same  area  only  once  in  30  to  40  years.  The  cutting 
of  healthy  trees  is  confined  to  those  which  have  reached  120  to  140 
years  of  age.  On  areas  of  more  than  1  or  2  acres  which  do  not  have 
any  trees  near  the  14-inch  limit  (15-inch  trees  being  the  smallest  cut) , 
larger  trees,  preferably  15  to  18  inches  in  diameter,  are  left  for 
seed. 

In  spite  of  an  allowed  cut  often  averaging  as  little  as  2,000  board 
feet  to  the  acre  over  an  entire  watershed  in  a  rocky  and  mountainous 
locality,  all  stumpage  offered  in  late  years  on  this  forest  has  been 
sold  under  competitive  bids  at  from  $6  to  $8.50  a  thousand  board 
feet,  Scribner  rule.  On  some  recent  sales  the  purchaser  has  been 
required  in  addition  to  deposit  $1  a  thousand  for  cultural  opera- 
tions, chiefly  release  cuttings,  carried  out  by  the  Forest  Service 
for  the  benefit  of  the  young  growth  of  shortleaf  pine.  These  prices 
are  $2  to  $3  above  those  paid  for  stumpage  in  the  same  locality 
intended  for  clear  cutting,  and  reflect  the  comparatively  high  quality 
of  the  material  removed. 

In  the  same  shortleaf  pine  region  one  of  the  largest  private  hold- 
ings of  forest  land  in  the  United  States  is  being  put  under  a  definite 
plan  of  forest  management.  An  inventory  of  the  existing  stand, 
and  careful  estimates  of  both  present  and  possible  growth,  will  be  the 
basis  for  planning  future  annual  cuts,  as  on  the  national  forest.  The 
same  14-inch  flexible  diameter  limit  is  used,  but  because  of  better 
growing  conditions  the  pine  is  expected  to  mature  at  75  to  100  years. 
Under  technical  direction  a  vigorous  effort  is  being  made  to  im- 
prove the  condition  of  the  forest  by  removing  diseased  pines,  cutting 
coarse  hardwoods  into  ties,  and  thinning  young  pine  stands,  par- 
ticularly in  old  fields.  The  fire  protective  system  includes  lookout 
towers,  300  miles  of  specially  constructed  telephone  lines,  resident 
wardens  in  districts  of  about  a  township  in  size,  all  under  well- 
planned  and  centralized  supervision.  Fire  protection,  including 
fire -fighting,  costs  3  to  4  cents  a  year,  without  any  direct  help  from 
public  agencies.  Purchase  of  interior  holdings  as  offered,  especially 
land  with  young  growth,  is  a  part  of  the  general  plan  of  rounding 
out  the  property  into  a  unit  for  the  perpetual  operation  of  several 
modern  sawmills. 

The  South's  growing  pulp  and  paper  industry  is  the  basis  for 
several  very  large  recent  purchases  of  southern  pineland  cut  over 
several  years  ago,  or  being  currently  logged  to  an  agreed  limit.  Ow- 
ing to  the  heavy  investment  in  plant,  the  purchasers  are  unhesitat- 
ingly taking  the  steps  necesary  for  good,  if  not  full,  forest  produc- 
tion on  their  lands.  A  north  Louisiana  company  has  erected  three 
steel  fire-lookout  towers,  and  contributes  2  cents  an  acre  annually 
to  the  State  fire  protective  fund,  for  expenditure,  with  a  like  sum 
contributed  jointly  by  the  State  and  Federal  Governments,  on  or 
near  its  property.  It  leaves  three  or  four  excellent  shortleaf  or 
loblolly  seed  trees,  12  inches  or  more  in  diameter  at  breastheight, 
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to  the  acre.  In  common  with  every  pulp  company  owning  timber 
or  operating  in  the  South  to-day,  it  plans  at  least  to  consolidate  its 
holdings  by  further  land  purchases. 

An  east  Louisiana  sawmill  and  pulp  company  plans  for  perpetual 
operation  of  its  pulp  mill,  and  if  possible  its  sawmill,  from  longleaf 
pine  land  kept  fully  productive.  In  a  vigorous  and  well-organized 
campaign  against  fires  it  has  constructed  480  miles  of  fire  lines  and 
65  miles  of  telephone  lines,  and  has  fenced  about  50.000  acres.  In 
1926-27  its  fire  losses  in  four  tracts  ranging  from  28,000  to  250,000 
acres  varied  from  0.9  to  7.2  per  cent,  with  5.5  per  cent  for  the  whole 
400,000  acres  of  company  and  adjacent  land  protected.  The  cost  of 
organized  protection,  including  the  expense  of  fire  fighting,  was 
about  3.5  cents  an  acre  in  1926-27,  and  has  since  run  as  high  as  4.2 
cents.  Some  public  contribution  is  included  in  these  figures,  but 
none  of  the  company's  overhead.  The  company  neither  cuts  nor 
turpentines  trees  below  11  inches  in  diameter,  and  in  addition  leaves 
two  good  seed  trees  to  the  acre ;  if  small  trees  are  unavailable  it  does 
not  hesitate  to  leave  their  equivalent  in  14  to  18  inch  trees.  Of  land 
that  was  denuded  before  any  consideration  was  given  to  forestry,  it 
has  artificially  planted  between  16,000  and  17,000  acres  to  various 
pines.  Two  large  recent  purchases  to  consolidate  its  holdings 
totaled  about  80,000  acres. 

An  Alabama  company  operating  exclusively  in  longleaf  pine  has 
for  years  cut  and  turpentined  to  a  diameter  limit  that  is  now  about 
18  inches  and  which  reserves  as  much  as  2,500  board  feet  to  the  acre 
in  large  areas.  Steam  skidders  are  not  used.  Slash  is  dragged  free 
of  standing  timber  and  promising  young  growth  to  a  distance  of 
5  to  10  feet,  and  the  leaves  and  small  branches  are  burned  as  soon 
as  they  can  be  fired  with  lightwood  torches.  If  tops  can  be  dragged 
to  greater  distances  they  are  not  burned,  but  are  lopped  down  and 
left  to  rot.     Fencing  of  30,000  acres  aids  in  fire  protection. 

An  associated  company  operating  in  shortleaf  and  loblolly  pine  in 
northern  Louisiana  and  southern  Arkansas  has  made  detailed  studies 
of  its  timbered  and  cut-over  lands,  as  a  guide  to  land  use  and  sound 
forestry  policies.  It  cuts  to  a  flexible  limit  of  14  inches  in  virgin 
timberj  going  above  the  limit  where  necessary  to  leave  one  or  two 
first-class  seed  trees  to  the  acre.  In  young,  thrifty  second  growth  on 
old  fields  and  elsewhere  it  aims  to  thin  the  stand  and  return  in  20 
years  for  the  reserved  trees.  It  has  not  hesitated  to  spend  16  cents 
an  acre  in  the  selection  and  marking  of  seed  trees,  and  about  half 
as  much  for  an  inventory  of  its  property. 

As  a  final  example  of  the  many  southern  pine  properties  on  which 
thousands  of  dollars  of  private  capital  are  being  spent  annually  in 
efforts  of  one  kind  or  another  to  produce  full  forest  crops,  may  be 
mentioned  a  very  large  tract  in  Georgia  bought  for  naval-stores 
production.  The  first  step  has  been  a  thorough  stock  taking,  and  the 
preparation  by  trained  men  of  a  plan  of  management  under  which 
production  will  be  carefully  balanced  against  growth.  Under  this 
plan  all  trees  10  inches  and  larger  are  being  conservatively  worked 
for  turpentine  for  10  years  before  being  cut.  Timber  now  round  will 
be  worked  an  additional  ^ve  years.  Fire  protection  has  been  vigor- 
ously organized,  with  special  emphasis  on  fire  lines,  of  which  over 
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200  miles  have  been  constructed.  After  three  years  of  fire  protec- 
tion the  property  has  reproduced  to  an  excellent  stand  of  slash  pine 
seedlings  throughout. 

It  is  not  the  intention  to  imply  that  intensive  timber  growing — 
productive  of  every  board  foot  of  lumber,  stick  of  pulpwood,  or  ounce 
of  gum  that  the  land  is  capable  of  growing — is  being  practiced  on 
any  of  the  large  properties  just  described,  or  on  others  which  might 
with  equal  reason  be  mentioned  here.  For  one  thing,  few  communi- 
ties in  the  piney  woods  are  yet  free  enough  from  fires  to  permit 
full  forest  production.  Most  farm  woodlands  are  closer  to  freedom 
from  fires  than  any  of  the  tracts  described.  The  fact  to  keep  in 
mind,  however,  is  that  already  in  the  South  there  are  landowners 
who  are  firmly  committed  to  the  idea  of  forest  production.  They 
are  committed  to  it  because  they  have  confidence  in  the  final  success 
of  fire  protection,  and  in  the  extraordinary  power  of  southern  pine- 
land  to  grow  trees. 
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INTRODUCTION 

The  modern  airplane  requires  from  about  250  to  2,000  board  feet 
or  more  of  lumber  and  considerable  quantities  of  veneer  and  plywood 
in  its  construction.  It  is  estimated  that  8,000  to  10,000  airplanes, 
chiefly  of  commercial  type,  were  built  in  1929,  of  which  approxi- 
mately 90  per  cent  had  wing  structures  of  wood.     Even  in  the  fast 


1  Acknowledgmont  is  made  to  various  members  of  the  Forest  Products  Laboratory  and 
of  the  War  and  Navy  Departments  for  assistance  in  the  preparation  of  the  manuscript 
and  to  several  aircraft  manufacturers  for  contributed  photographs  and  information. 

=»  Maintained  by  the  U.  S.  Department  of  Agriculture  at  Madison,  Wis.,  in  cooperation 
with  the  University  of  Wisconsin. 
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combat  type  of  military  plane  wooden  wing  structures  are  used.  In 
«ome  planes  the  entire  wing  framework  and  covering  is  of  glued- 
wood  construction.  (Pis.  1  and  2.)  In  propellers,  control  surfaces, 
fuselages,  and  the  pontoons  and  hulls  of  seaplanes  and  flying  boats 
wood  is  also  used  (i^,  28).^  (Pis.  2  and  3.)  A  partial  list  of  more 
detail  parts,  made  wholly  or  partly  of  wood,  includes :  Wing  beams 
(solid  and  box  types),  ribs,  leading  and  trailing  edges,  bow  ends, 
braces,  reinforcing  or  shear  blocks,  and  light  compartments;  aileron 
ribs,  braces,  and  covering;  rudder,  stabilizer,  and  elevator  parts; 
tank  compartments;  propellers;  center  covers,  step  boards  and  walk- 
ways; turtle  decks;  engine  bearers;  bulkheads;  instrument  boards; 
floors;  seats;  cabin  sides;  fairings;  doors;  strut  streamlining;  and 
keels,  ribs,  partitions,  braces,  and  covering  of  pontoons  and  hulls. 
(Pis.  4,  5,  6,  and  7.) 

Glue  is  used  not  only  in  laminating  and  building  up  large  and 
irregular  wooden  parts  and  in  the  making  of  plywood  but  it  also 
affords  the  principal  means  of  fastening  the  various  wooden  parts 
together  into  the  finished  structure.  Joints,  together  with  fasten- 
ings, are,  however,  generally  regarded  as  the  w^eakest  part  of  the 
built-up  construction.  Consequently  they  control  the  design  in  very 
large  part,  despite  the  fact  that  it  is  known  that  the  technic  of  gluing 
as  practiced  in  aircraft  is  capable  of  considerable  improvement 
(22,^3). 

Since  nearly  every  article  of  glued-wood  construction  represents 
an  economy  in  the  use  of  timber  resources  the  Forest  Products  Lab- 
oratory has  conducted  studies  upon  glues  and  gluing,*  a  large  part 
of  which  has  pertained  to  the  use  of  glue  in  aircraft.^  The  purpose 
of  the  present  bulletin  is  to  give  specific  information  about  the  gluing 
of  wood  that  is  directly  applicable  to  aircraft. 

GLUES  FOR  AIRCRAFT 

Most  uses  of  glues  in  aircraft  require  adhesives  that  retain  a  large 
proportion  of  their  strength  under  moist  conditions,  even  to  the 
extent  of  remaining  safe  in  service  after  exposure  to  free  water.  Of 
the  various  adhesives  commonly  used  in  woodworking,  blood-albu- 
min and  casein  glues  most  nearly  meet  these  requirements.®  This 
principle  excludes  at  once  the  vegetable  glues  made  from  starch, 
as  well  as  fish  glues  and  untreated  animal  glues,  which,  although 
admirably  suited  for  interior  use,  lose  their  strength  rapidly  and 
almost  completely  when  exposed  for  even  short  periods  to  a  mois- 
ture-saturated atmosphere  or  to  free  water.  Only  where  the  glued 
members  are  thoroughly  protected  against  moisture  changes  by  suit- 
able coatings  are  any  of  the  less  moisture-resistant  glues  useful  in 
aircraft.  In  wooden  propellers,  high-grade  animal  glue  has  been 
used  successfully.     Any  increase  in  moisture  content  large  enough 

» Italic  nninbors  in  parentheses  refer  to  Literature  Cited,  p.  50. 

*  A  jjenernl  discussion  of  tlio  use  of  glu<'  in  woodworlving  industries  is  given  In  The 
Gluing  of  Wood   (2!,). 

^  Research  conducted  In  cooperation  witli  the  War  and  Navy  Departments  and  the 
National  Advisory  Committee  for  Aeronautics. 

«This  bulletin  is  confined  to  a  discussicm  of  glues  that  set  and  malce  strong  Joints  In 
wood.  Marine  glues,  whicli  are  us(>d  in  aircraft  to  mal<e  constructions  water-tight,  are 
not  included  among  the  so-called  woodworlcing  glues  since  they  do  not  set. 
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to  weaken  the  glue  seriously  makes  the  propellers  unserviceable  on 
account  of  changes  in  shape;  hence  highly  moisture-resistant  coat- 
ings are  used  that  protect  the  whole  construction. 

PROPERTIES   OF  AIRCRAFT  GLUES 

The  principal  adhesives  of  proved  value  for  making  wood  joints 
in  aircraft  are  casein  glues,  blood-albumin  glues,  and  animal  glues 
when  properly  protected  against  large  moisture  changes.  In  Table 
1  the  general  properties  and  characteristics  of  casein,  blood-albumin, 
and  animal  glues  used  in  aircraft  are  listed.  On  most  of  the  points 
of  comparison  there  is  a  lack  of  definite  and  specific  knowledge, 
and  as  a  result  only  general  terminology  can  be  used  in  describing 
them.  Furthermore,  there  is  a  wide  variation  among  the  glues  of 
the  three  classes.  Only  the  strongest  and  most  durable  glues  of  each 
class  are  described. 

Table  1. — Properties  and  oharacteristios  of  Mfferent  classes  of  moodvmrking 

glues  used  in  anroraft  ^ 


Property  or  characteristic 

Casein  glue 

Blood-albumin  glue 

Animal  glue  (untreated) 

Strength  (dry)  2 

Very  high  to  medium 

Medium  to  low 

Very  high. 

Strength  (wet  after  soak- 

.\bout 25  to  60  per  cent 
of  dry  strength;  varies 

About  60  to  nearly  100 

Very  low. 

ing  in  water  48  hours) . 

per      cent      of     dry 

with  glue. 

strength. 

Durability  in  100  per  cent 

Deteriorates  eventually; 

Deteriorates  slowly  but 

Deteriorates  quickly. 

relative    humidity    or 

rate  varies  with  glue. 

usually  completely  in 

prolonged    soaking    in 

time. 

water. 

Rate  of  setting 

Rapid 

Very  rapid  with  heat 

Rapid. 

Working  life 

Few  to  several  hours  3_  _ 

Several  hours  to  a  few 

Few    hours    to    several 

days. 

days. 3 

Consistency-- 

Medium  to  thick 

Variable,  thin  to  thick, 

Variable    from    thin  to 

depending  on  formula. 

very  thick  with  tem- 
perature changes. 

Temperature  require- 

Used at  ordinary  room 

Heat    required    to    set 

Control    important    for 

ments. 

temperatures. 

glues;   cold-press   for- 
mula an  exception. 

glue,  wood,  and  room. 

Mixing  and  application... 

Mixed  with  cold  water; 

Mixed  with  cold  water; 

Soaked    in    water    and 

applied  cold  by  hand 

applied  cold  by  hand 

melted;  applied  warm 

or  mechanical  spread- 

or mechanical  spread- 

by hand  or  mechanical 

ers. 

ers. 

spreaders. 

Tendency  to  foam 

Slight  to  medium 

Shght  to  pronounced 

Usually  slight. 

Tendency  to  stain  wood.. 

Marked      with      some 

None,  except  that  dark 

None  to  very  slight. 

woods. 

glue     may     show 
through  thin  veneer. 

Dulling  effect  on  tools  <... 

Moderate  to  pronounced. 

Slight 

Moderate. 

Spreading  capacity: « 

Extremes  reported  ^ .  _ 

30  to  80 

30  to  100 

20  to  55. 

Common  range  < 

35  to  55 

25  to  35. 

1  Grades  and  quality  only  of  glues  that  pass  U.  S.  Government  aircraft  specifications. 

2  Based  chiefly  on  joint  strength  tests. 

3  Casein  and  animal  glues  are  likely  to  deteriorate  seriously  if  kept  liquid  more  than  1  day. 

*  Based  on  reports  from  commercial  operators. 

*  Expressed  in  square  feet  of  single  glue  line  per  pound  of  dry  glue  for  veneer  work. 

Apart  from  joint  tests  there  is  comparatively  little  specific  infor- 
mation on  the  mechanical  and  physical  properties  of  glues  as  mate- 
rials of  construction.  Some  data,  however,  are  available  on  the  ten- 
sile strength  of  animal  glues  (^,  P,  10,  IS,  17)  and  on  the  relation 
between  moisture  content  and  relative  humidity  for  animal  and  casein 
glues.  In  Figure  1  is  shown  the  tensile  strength — moisture-content 
relation  for  an  animal  glue  that  meets  the  specifications  for  aircraft 
work.     Small  specimens  of  the  glue  at  different  moisture  content  were 
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tested  in  tension.  The  decrease  in  strength  with  increase  in  moisture 
is  striking.  Curves  shown  in  Figure  2  indicate  the  relation  of  rela- 
tive humidity  to  moisture  content  of  the  same  animal  glue  and  of 
one  type  of  a  water-resistant  casein  glue.     The  casein  glue  absorbed 

an  even  larger  percent- 
age of  moisture  than 
the  animal  glue,  but 
from  other  tests  was 
found  to  retain  a 
greater  proportion  of 
its  dry  strength. 

Water-resistant  glues, 
particularly  casein  and 
blood  albumin,  set  on 
wood  at  almost  any 
moisture  content,  but 
animal  glue  will  not  set 
on  wood  of  high  mois- 
ture content,  15  per 
cent  being  about  the 
maximum  for  satisfac- 
torv  results. 

Animal  glue  treated 
with  formaldehyde- 
yielding  materials  gives 
joints  of  about  the  same 
initial  resistance  in  cold 
water  as  the  water- 
resistant  casein  glues. 
However,  tests  indicate 
that  it  is  less  durable 
under  prolonged  expo- 
sure. Blood  -  albumin 
glues  are  less  affected 
by  soaking  in  water 
than  other  water-resist- 
ant glues. 

Formulas  for  the 
preparation    of    water- 
resistant  casein,  blood-albumin,  and  animal  glues,  which  rate  well 
in  water  resistance  among  the  glues  of  their  classes  and  which  are 
suitable  for  use  in  aircraft,  are  given  on  p.  52. 
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-The  effect  of  moisture  content  on  the  ten- 
sile strength  of  an  animal  glue  that  meets  aircraft 
epeciflcutiens 


OTHER  MOISTURE-RESISTANT  ADHESIVES 

Besides  the  glues  that  have  been  discussed  there  are  other  adhesives 
that  compare  favorably  in  many  respects  with  those  now  in  use.  An 
improvement  in  one  or  more  respects  may  make  their  use  in  aircraft 
desirable.  Some  of  these  adhesives  are  discussed  in  the  next  three 
paragraphs. 
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Figure  2. 


-Effect  of  relative  humidity  on  moisture  content  of  animal  and  casein 
glues  suitable  for  aircraft.     Tests  made  at  80°  F. 
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VEGETABLE-PEOTEIN   GLUES  ' 

Soybean  and  peanut  meal  serve  as  bases  for  adhesives^  which  in 
general  properties  resemble  casein  glues.  Somg  of  them  have  a  good 
degree  of  water  resistance  and  are  relatively  cheaj),  but  in  their  pres- 
ent stage  of  development  they  do  not  show  so  high  a  dry  strength 
as  the  better  quality  casein  glues. 

PHENOL-ALDEHYDE    CONDENSATION    PRODUCTS 

By  heating  a  phenol  with  an  aldehyde  it  is  possible  to  produce 
hard,  strong  adhesive  substances,  which  when  set  by  hot  pressing 
appear  to  be  unaffected  by  moisture  in  any  form.  Nonaqueous  solu- 
tions of  these  materials  have  been  prepared  that  can  be  applied  to 
wood.  Tests  of  plywood  glued  with  these  products  indicate  very 
satisfactory  joint  strengths  under  all  moisture  conditions  tried. 
Apparently  phenol-aldehyde  adhesives  are  more  durable  under 
extremely  unfavorable  conditions  than  the  glues  now  used  for 
woodworking,  but  their  high  cost  has  thus  far  practically  prohibited 
their  use.  The  necessity  for  hot  pressing  also  restricts  their  appli- 
cation. 

MISCELLANEOUS    MATERIALS 

Other  materials,  including  cellulose  cements,  asphalts,  resins, 
gums,  and  rubber  have  been  tried  as  adhesives  for  wood.  Cellulose 
cements  have  set  very  slowly  in  wood  joints  in  tests  at  the  Forest 
Products  Laboratory  and  are  otherwise  difficult  to  use  to  obtain 
satisfactory  adhesion.  Likewise  asphalts,  resins,  and  gums  have 
been  tried  out  alone  or  in  combination  with  other  materials,  but  the 
results  have  not  been  entirely  satisfactory.  In  their  present  forms 
these  materials  are  not  suitable  as  glues  for  aircraft  joints,  although 
they  appear  to  have  possibilities  of  development.  Plywood  has  been 
glued  by  the  hot-press  process  with  an  adhesive  having  rubber  as  its 
basic  material.  Joint  tests  of  such  plywood  in  both  wet  and  dry  con- 
dition indicate  satisfactory  strength.  High  cost  is  a  present  practi- 
cal limitation  affecting  its  use. 

DURABILITY  OF  AIRCRAFT  GLUES 

None  of  the  glues  in  practical  use  at  present  can  be  expected  to 
form  permanent  joints  in  aircraft  parts  that  are  subject  to  pro- 
longed saturation  with  water,  such  as  seaplane  hulls  and  floats, 
unless  the  glues  or  joints  are  especially  treated.  Even  the  most 
water-resistant  blood-albumin  or  casein-glued  joints,  which  show  a 
strength  when  first  saturated  with  water  of  25  to  nearly  100  per 
cent  of  their  dry  strength,  fail  completely  when  exposed  without 
protection  for  a  long  time  to  free  water  or  to  extremely  high  atmos- 
pheric humidities.  Failure  in  such  cases  is  apparently  caused  by 
chemical  decomposition  of  the  glue  or  by  its  deterioration  from  the 

'  The  following  patents  relate  to  soybonn  nnd  ponnut-menl  adhesives :  Johnson,  O. 
AimiosiVR.  (U.  S.  rntcnt  No.  1,460,757.)  II.  S.  Patent  Office,  Off.  Gaz.  312:  132. 
1923;  (Re  10,422).  U.  S.  Patent  Office,  Off.  (iaz.  350:  2M9.  1920.  Laucks,  I.  F.,  and 
Davidson,  G.  vmjktabi^k  glue  and  pkookss  of  makincj  samk.  (V.  S.  Pntent.s  No.s. 
1.(580,732  ami  1.G91.061.)  U.  S.  Patent  Office.  Off.  Gaz.  375:1130.  1028,  and  376:408. 
1S)2H.  Osgood,  G.  II.  gluk.  (U.  S.  Patents  Nos.  1.001.500  and  1.001.507.)  U.  S.  Patent 
Office.  Off.  Gaz.  350:801.  1020.  Osgood,  G.  II.  watkhimiooping  vE<}ETABr,B  protein — 
bash  (!i,ub.     (U.  S.  Patent  No.  1,700,074.)     U.  S.  Patent  Office,  Off.  Gaz.  380:875.     1929. 
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action  of  fungi  and  bacteria  or  perhaps  both.  Furthermore,  unpro- 
tected water-resistant  joints,  which  are  known  to  withstand  a  limited 
number  of  soaking  periods  of  several  days  each  followed  by  drying 
out  without  seriously  affecting  their  strength,  fail  eventually  if  sub- 
jected to  a  long  series  of  large  moisture  changes  by  alternate  wetting 
and  drying.  Under  such  cyclic  conditions  mechanical  failure  may 
be  a  factor  in  the  breakdown  of  the  joints  in  addition  to  chemical 
decomposition  or  the  action  of  fungi. 

Casein  and  blood-albumin  glues,  or  even  high-grade  animal  glues, 
do  not  deteriorate  under  conditions  that  produce  about  12  per  cent 
moisture  content  in  wood,  which  is  close  to  the  average  found  in  a 
survey  of  aircraft  stations.     (Table  2.)     At  such  a  moisture  con- 
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Figure   3. — Relation   of   the   equilibrium   moisture   content  of  wood   to   the   relative 
humidity  of  the  surrounding  atmosphere  at  three  temperatures 

tent,  which  is  considered  fairly  representative,  well-made  joints  of 
properly  constructed  members  may  reasonably  be  expected  to  remain 
permanent  with  only  ordinary  protection.  Glue  failures,  however, 
are  reported  to  occur  in  parts  of  aircraft  under  unusually  adverse 
service  conditions,  where  the  moisture  content  of  the  wood  un- 
doubtedly exceeds  the  12  per  cent  average  considerably.  Adequate 
data  are  not  available  for  determining  the  exact  critical  moisture 
content  at  which  casein  or  blood-albumin  glues  retain  their  strengths 
permanently  and  above  which  deterioration  sets  in.  The  available 
data  indicate,  however,  that  the  critical  range  of  moisture  content 
is  within  15  to  20  per  cent  for  wood.  Wood  subjected  to  relative 
humidities  of  approximately  75  to  85  per  cent  and  to  a  temperature 
of  70°  F.  takes  on  an  equilibrium  moisture  content  within  this 
range.  (Fig.  3.)  Under  conditions  where  the  wood  retains  20  per 
cent  or  more  moisture  there  is  no  positive  assurance  of  the  perman- 
ence of  glues  without  special  treatment. 
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TIME  OF  'EXPOSURE  TO  95  PER  CENT  RELATIVE  HUMIPITY  (MONThS) 

Figure  4. — Effect  of  treatment  of  casein  glues  and  plywood  Joints  on  durability : 
A,  Untreated ;  B,  plywood  specimens  dipped  in  asphalt  paint ;  C,  plywood  speci- 
mens tr«'ated  with  coal-tar  cr(>osote  ;  D,  plywood  specimens  treated  with  |3  naphthol 
in  linseed  oil ;  E,  creosote  added  to  glue  before  maiclng  Joints ;  F,  /3  naphthol  added 
to  glue  before  making  joints  ;  G,  creosote  added  to  glue  and  plywo(»d  specimens 
coated  with  aluminum  powder  in  spar  varniwh  ;  H.  &  nai>Iithol  added  to  glue  and 
plywood  specimens  coated  with  aluminum  powder  in  spar  varnish.  Joint  strength 
tests  made  every  month  on  30  specimens  for  each  treatment 
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PLATE    1 


SOME   TYPES  OF   COMMERCIAL  AIRCRAFT    EMPLOYING   WOOD 

A,  12-passenger  monoplane  in  which  the  entire  wing  structure,  including  the  covering,  is  made 
of  wood.  Wood  is  also  used  in  part  in  the  cabin  construction;  B,  6-passenger  monoplane  with 
framework  and  leading  edge  of  wing  and  various  parts  of  the  fuselage  made  of  wood;  C,  2-pas- 
senger  seaplane  with  wing  structure,  main  float  and  wing  tip  floats  constructed  of  wood. 
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PLATE  2 


TYPICAL  Woodworking  Departments  in  Commercial  aircraft 

Factories 


A, Building  wings  entirely  of  wood  for  a  large  transport  plane.    The  frame  of  the  wing  is  covered 
with  plywood;  B,  using  wood  for  turtle  decks  and  fairings  in  fuselages. 


Tech.  Bui.  205.  U.  S.  Dept.  of  Agriculture 


PLATE  3 


Flying  boat  and  Propeller  Construction 

A,  Constructing  flying  boat  hulls  of  wood;  B,  manufacturing  propellers  of  wood.    Laying  out  and 
band  sawing  laminations  preparatory  to  gluing. 
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Plate  4 


Wing  Building  Operations 

A,  Making  wooden  win^'  structures  for  both  biplanes  and  monoplanes;  B,  insi)eciing  a  wing  struc- 
ture before  ooveriug;  C,  covering  wings  with  cloth. 
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Table  2. — Moisture  content  found  in  icooden  airplane  parts  under  service 

conditions 


Service 

Stations 
where 

samples 

were 

taken  i 

Kinds  of 
woods 
tested 

Speci- 
mens 
tested 

Moisture  content- 

Kind  of  construction 

Average 
for  speci- 
mens 
tested  2 

Maxi- 
mum for 
any  one 
station 
and  wood 

Mini- 
mum for 
any  one 
station 
and  wood 

Solid  and  laminated  wood  ^.. . 

Plywood 

Solid  and  laminated  wood  ^—. 

Propellers 

Plywood 

Navy 

--do- 

Army 

--do 

—do 

Number 
10 
6 
10 
9 
7 

Number 
10 
4 
4 

Number 

419 

35 

371 

76 

39 

Per  cent 
12.7 
13.8 
11.5 
10.3 
13.9 

Per  cent 
15.3 
17.8 
14.0 
11.3 
16.7 

Per  cent 
8.8 
9.1 
9.3 

8.4 

11.7 

1  Army  and  Navy  stations  are  considered  separately,  although  they  are  frequently  located  close  to  each 
other. 

2  Grand  average  for  all  stations  where  determinations  were  made;  station  averages  were  prorated  on 
number  of  specimens  tested. 

3  Exclusive  of  propellers. 

INCREASING  THE  DURABILITY  OF  GLUED  JOINTS 

As  a  result  of  research  work  at  the  Forest  Products  Laboratory  ^ 
special  treatments  of  glues  and  joints  have  been  discovered  that 
materially  increase  the  durability  of  glued  joints  under  severe  expo- 
sure. In  Figure  4  are  shown  the  results  of  a  still  incompleted  series 
of  prolonged  exposure  tests  on  casein-glued  plywood.  The  results 
shown  are  based  on  two  casein  glues — one  made  in  accordance  with 
Forest  Products  Laboratory  formula  4B  (p.  54)  and  the  other  a 
special  commercial  aircraft  glue.  Because  of  the  similarity  of  the 
results  obtained  with  the  two  glues  the  data  were  averaged.  The 
special  treatments  were  of  three  general  kinds;  namely,  (1)  addi- 
tion of  preservative  materials  to  the  glues  before  making  the  joints; 
(2)  preservative  treatment  of  plywood  that  had  been  glued  with 
untreated  glues;  and  (3)  treatment  of  glues  before  maldng  joints, 
followed  by  the  application  to  the  glued  joints  of  aluminum 
powder  in  spar  varnish,  which  is  an  effective  moisture-excluding 
coating. 

In  similar  tests,  blood-albumin  glue  was  treated  with  sodium 
chromate  and  made  into  plywood.  Ten  per  cent  of  sodium  chromate 
proved  to  be  effective  in  increasing  the  durability  of  the  blood- 
albumin  glue.  Plywood,  which  had  been  made  with  untreated 
blood-albumin  glue,  was  also  treated  either  with  6  naphthol  in 
linseed  oil  or  with  creosote.  The  treatment  of  the  plywood  speci- 
mens both  with  the  6  naphthol  in  linseed  oil  and  with  the  creosote 
increased  the  durability  of  the  joints.  In  one  series  of  tests, 
plywood  which  had  been  glued  with  blood-albumin  glue  and  treated 
with  creosote  after  gluing,  was  exposed  for  four  and  one-half  years 
in  a  moisture-saturated  atmosphere  without  any  appreciable  loss  in 
strength. 

In  applying  special  treatments  to  aircraft  joints  it  is  preferable 
to  treat,  as  far  as  possible,  complete  assemblies,  such  as  wing  sections 


8  Tests    were    conducted    in    cooperation    with    the   National    Advisory    Committee    for 
Aeronautics. 
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and  floats  (pis.  5  and  7,  A)  before  covering.  It  is  recommended 
that  the  assembled  parts  be  dipped  in  a  hot  bath  of  boiled  linseed 
oil  containing  25  per  cent  of  6  naphthoP  or  in  coal-tar  creosote. 
Better  protection  will  be  afforded  by  dipping  the  member  first  in 
a  hot  bath,  about  200°  F.,  and  then  in  a  cold  bath,  allowing  the 
member  to  remain  about  one-half  hour  in  each.  The  linseed  oil  and 
6  naphthol  mixture  is  mushy  at  ordinary  room  temperatures  and 
the  "  cold  bath "  must  be  kept  at  about  150°  to  obtain  proper 
absorption  and  to  prevent  the  formation  of  a  thick  layer  on  the 
surface  of  the  wood.  The  weight  of  the  member  will  be  increased 
somewhat  more  with  the  increased  temperature  and  with  the  time  it 
remains  in  the  baths.  The  weight  added  in  a  treating  process  will 
depend  also  upon  the  size  and  shape  of  the  members.  Small 
pieces  having  large  surface  areas  in  proportion  to  their  volume, 
such  as  the  specimens  used  in  the  tests  on  which  Figure  4  are  based, 
will  have  more  weight  added  per  unit  volume  than  large,  compact 
parts. 

The  foregoing  treatments  are  distinctly  superior  to  the  present 
methods  of  dipping,  spraying,  or  brushing  with  varnish  or  asphaltic 
materials.  Applying  the  preservative  to  the  glue  alone  will  increase 
the  weight  of  the  member  only  slightly  and,  although  not  so  effective 
as  treating  the  whole  member,  it  may  give  sufficient  protection  for 
certain  aircraft  parts  exposed  under  average  conditions  of  use. 

TESTING  GLUES  FOR  QUALITY 

Due  vigilance  should  be  exercised  to  see  that  glues  for  use  in  air- 
craft conform  to  standard  specifications  or  requirements.  Specifica- 
tions for  glues  and  glue  materials  are  valuable  both  as  a  guaranty  of 
quality  and  as  a  means  of  obtaining  more  uniform  results  in  use. 

No  attempt  is  made  in  this  publication  to  describe  acceptance  tests 
in  detail,  since  the  published  literature  pertaining  to  the  subject  is 
ample  and  readily  available  ^^  (^5,  ii,  6^  27), 

TESTS  FOR  CASEIN  GLUE 

Joint  tests  constitute  at  present  the  principal  means  for  judging 
the  value  of  casein  glues  for  use  in  aircraft.  Considerable  time  is 
required  to  make  joint  tests.  Moreover,  they  are  difficult  to  perform 
accurately,  and  at  best  yield  only  indirect  comparisons  of  glue  proper- 
ties. On  the  other  hand,  joint  tests,  when  properlv  carried  out,  afford 
highly  important  information  about  the  value  of  the  glue  in  service 
and  its  adaptability  to  manufacturing  conditions. 

Block  shear  and  plywood  tests  for  joints  have  been  adopted  as 
standard  by  the  Army  and  Navy.  Except  for  certain  changes  as  to 
the  form  of  specimen  and  shearing  tool  used  in  the  block  shear  test 
and  the  method  of  measuring  water  resistance  in  the  plywood  test, 

0  The  treatment  here  recommondod  is  the  same  as  used  on  the  plywood  specimons  Indi- 
cated in  Figure  4.  The  minimum  amount  of  (S  naphthol,  which  will  properly  protect 
the  glued  members  is  not  known. 

10  Detailed  information  on  U.  S.  Army  and  Navy  acceptance  tests  are  contained  in 
United  States  Army,  Glue,  Casein,  Specif.  No.  98-14020-1).  5  p..  illus,  lO'JO ;  United 
States  Array,  (Jlue,  Hide,  Specif.  No.  3_140,  3  p.,  1027  ;  United  States  Navy,  Glu*',  Casein. 
Dept.  Specif.  No.  52G8,  5  p.,  Illus.,  lOlii ;  and  United  States  Navy,  Glue,  Hide,  Dept. 
Specif.  No.  52G4C,  2  p.,  1925. 
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the  details  of  the  two  tests  are  substantially  the  same  as  those  origi- 
nally worked  out  by  the  Forest  Products  Laboratory  (1).  The  form 
of  test  specimens,  shearing  tool,  and  grips  used  at  present  at  the 
laboratory  are  shown  in  Figures  5  and  6.  Water  resistance  is  now 
measured  at  the  laboratory  and  by  both  the  Army  and  the  Navy  by 
testing  plywood  specimens  wet  after  soaking  in  cold  water  for  48 
hours,  whereas  originally  the  only  requirement  was  that  plywood 
show  no  separation  of  the  plies  after  soaking  in  hot  or  cold  water. 


Secr/ou  /f-4 


Figure  5. — Specimen  and  shearing  tool  used  at  Forest  Products  Laboratory  for 
block-shear  joint  test.  Experience  has  shown  that  it  is  necessary  to  conform 
strictly  to  the  details  shown  in  order  to  obtain  comparable  results 

Experience  has  shown  that  the  following  points  are  important  in 
making  joint  tests : 

BLOCK    SHEl^R    JOINT    TEST 

(1)  Select  a  wood  (hard  maple  is  satisfactory),  which  glues  well,  is  high  in 
density,  of  straight  grain,  and  free  from  defects.  Condition  to  a  uniform 
moisture  content  of  about  7  per  cent, 

(2)  Glue  the  joints  large  enough  that  four  or  more  specimens  (fig.  5)  can 
be  cut  from  each  joint ;  also  test  two  or  more  joints  for  each  glue. 

(3)  Surface  the  wood  pieces  smoothly  and  to  a  uniform  thickness  imme- 
diately before  gluing. 

(4)  Follow  directions  carefully  in  preparing  glue  for  use. 

(5)  Spread  approximately  li/4  ounces  of  wet  glue  evenly  to  each  square  foot 
of  joint  and  apply  pressure  uniformly  to  the  surfaces  when  the  glue  is  at  the 
proper  consistency.     (P.  24  for  details.) 

(6)  Allow  the  glue  to  set  under  pressure  for  15  hours  or  more  and  then 
condition  joints  to  a  uniform  moisture  content  of  approximately  the  same  as 
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before  gluing.     (Seven  days'  conditioning  time  at  room  temperature  is  usually 
sufficient.) 

(7)  Prepare  specimens  of  the  type  shown  in  Figure  5,  and  test  on  a  testing 
machine  equipped  with  a  shearing  tool  as  shown  also  in  Figure  5.  Apply  the 
load  to  the  specimen  at  a  rate  not  greater  than  0.0157  inch  per  minute. 

(8)  Record  for  each  specimen  both  the  breaking  load  and  the  approximate 
I)ercentage  of  wood  failure  occurring  over  the  glue-line  area. 

(9)  Whenever  a  specimen  fails  with  a  load  less  than  the  required  average" 
and  the  failure  occurs  50  per  cent  or  more  in  the  wood,  the  specimen  should  be 
rejected  in  computing  the  average.  If  the  variation  among  individual  speci- 
mens is  10  per  cent  or  more  and  the  brealiing  strength  of  one  or  more  specimen.s 

is  equal  to  or  higher  than  the 
required  average  strength,  the 
test  should  be  repeated. 

PLYWOOD  JOINT  TEST 

(1)  Use  a  strong  wood  (yel- 
low birch  is  quite  satisfactory). 

(2)  Select  veneer  that  is 
straight  grained,  comparatively 
free  from  checks,  smooth,  uni- 
form in  thickness,  and  free  from 
other  visible  defects.  Results 
obtained  from  specimens  with 
cross  grain  through  the  face 
plies  and  with  badly  checked 
cores  do  not  represent  the  full 
strength  of  the  joint  and  should 
be  disregarded  in  testing  the 
quality  of  glues. 

(3)  Use,  where  possible,  a 
standard  construction.  Three 
plies,  each  one-sixteenth  of  an 
inch  thick,  glued  with  the  grain 
of  the  core  at  right  angles  to 
the  faces,  are  generally  used. 

(4)  Condition  all  veneer  to 
approximately  the  same  mois- 
ture content  before  gluing.  It 
is  recommended  that  the. mois- 
ture content  be  not  higher  than 
12  nor  lower  than  7  per  cent. 

(5)  Prepare  glues  for  use  in 
accordance  with  manufacturer's 
directions. 

carefully  controlled   conditions.     (P.   35   for 
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Figure  6. — Specimens  and  prips  ufod  at  Forest 
Products  Laboratory  for  plywood  joint  test.  Ex- 
perience has  sliown  that  it  is  necessary  to  con- 
form strictly  to  the  details  shown  in  order  to 
obtain   comparable   results 


(6)  Glue   the  plywood   under 
details.) 

(7)  Leave  the  panels  under  pressure  for  at  least  15  hours  and  then  condition 
them  to  approximately  the  same  moisture  content  that  the  veneer  had  before 
gluing.    Three  days'  conditioning  is  usually  sufficient. 

(8)  Cut  specimens  a^  shown  in  Figure  6.  Where  the  face  plies  do  not  with- 
stand the  loads  under  test  with  specimen  A,  the  shearing  area  should  be  reduced 
to  one-half  square  inch  as  shown  in  specimen  B. 

(9)  Use  care  in  placing  specimen  in  machine  and  adjusting  the  grips.  (Fig. 
6.)    Apply  the  load  to  the  specimen  at  a  rate  of  600  to  1,000  pounds  per  minute. 

(10)  Record  both  breaking  load  and  nature  of  failure. 

(11)  Test  an  equal  number  of  specimens  dry  and  wet  from  each  panel  and 
preferably  four  or  more  panels  for  each  glue. 

"  The  average  brenklns  strength  required  by  the  IT.  S.  Navy  Dept.  Specif.  No.  5208 
(1924)  and  the  U.  S.  Army  Specif.  No.  98-14020-1)  (1925)  is  2.400  pounds  per  square 
inch.  If  the  test  Is  carefully  performed  several  available  high-grade  casein  glues  give 
Joint  strengths  considerably  in  excess  of  2.400.  At  the  Forest  Products  Laboratory  a 
number  have  exceeded  2,800  pounds  per  square  inch. 
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(12)  In  case  a  specimen  fails  with  a  load  per  square  inch  less  than  the  re- 
quired average  strength"  and  the  failure  occurs  50  per  cent  or  more  in  the 
wood,  the  specimen  should  be  disregarded  in  computing  the  average. 

Plywood  made  of  different  thicknesses  of  veneer  will  give  different 
values  when  tested  in  the  manner  shown  in  Figure  6.  This  is  because 
of  the  form  of  specimen,  its  tendency  to  bend,  and  the  eccentric 
loading  which  occurs  under  test.  The  test  values  vary  with  the 
thickness  of  both  the  face  and  core  plies,  and  the  order  of  magnitude 
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PL  YWOOP  STRENGTH  [PCUNPS  PER  SQUARE  INCH) 

Figure  7. — Effect  of  ply  thickness  on  strength  values  obtained  in  plywood  test 

of  these  variations  is  shown  in  Figure  T.     It  is  important,  therefore, 
that  a  standard  construction  be  used  in  making  tests  on  glues. 

In  addition  to  joint  tests  casein  glues  are  sometimes  tested  to 
determine  their  working  life.  Highly  water-resistant  casein  glues, 
when  mixed  ready  for  use,  thicken  after  a  time,  usually  within  a  few 
hours,  to  a  jelly  and  become  unusable.  The  w^orking  life  is  con- 
sidered as  the  period  in  which  the  glue  mixture  remains  in  a  satis- 


"U.  S.  Army  Specif.  No.  98-14020-D  (1926)  and  U.  S.  Navy  Dept.  Specif.  No.  52G8 
(1924)  require  aji  average  of  250  pounds  per  square  inch  tested  dry  and  125  pounds  per 
square  inch  tested  wet  after  soaking  in  water  at  room  temperature  for  48  hours. 
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factory  consistency  for  spreading  on  wood.  A  requirement  of  four 
to  five  hours'  working  life  is  reasonable.  It  must  be  remembered, 
however,  that  some  thickening  will  occur  during  this  period.  A  glue 
that  does  not  thicken  and  set  eventually  to  a  firm  jelly  is  almost 
certain  to  be  low  in  water  resistance,  even  though  the  mixture  is 
used  while  fresh  (p.  3).  Hence  the  working-lite  test  is  valuable 
not  only  as  a  measure  of  the  time  during  which  the  glue  remains  in 
a  satisfactory  condition  for  use  but  as  a  rough  check  on  its  water 
resistance.  It  seems  possible  that  consistency  and  jelly  strength  tests 
in  addition  to  determining  the  working  life  of  casein  glues  may 
eventually  be  used  to  measure  certain  of  their  mechanical  properties 
(4). 

TESTS  FOR  BLOOD-ALBUMIN  GLUES 

The  blood-albumin  glues  used  in  the  manufacture  of  aircraft 
plywood  are  mixed  by  combining  the  various  ingredients  at  the  time 
of  use.  The  aircraft  manufacturer  is  not  concerned  with  the  testing 
of  blood-albumin  glues  directly  since  this  class  of  adhesives  is  used 
chiefly  in  gluing  plywood,  most  of  which  is  made  in  plywood  manu- 
facturing plants.  Joint  tests  are  the  principal  means  by  which 
blood-albumin  glues  are  evaluated.  The  plywood  test  described  for 
casein  glues  (p.  12)  can  also  be  used  for  blood-albumin  glues. 

TESTS   FOR  ANIMAL  GLUE 

The  viscosity  and  jelly  strength  of  specified  concentrations  of 
solutions,  tested  at  definite  temperatures,  are  at  present  the  prin- 
cipal criteria  of  quality  in  animal  glues.  For  proper  execution  these 
tests  require  careful  control  of  conditions,  accurate  measuring  ap- 
paratus, and  a  trained  observer.  In  general,  the  higher  the  vis- 
cosity and  jelly  strength,  considered  jointly,  the  better  the  strength 
and  general  serviceability  of  the  glue.  Either  one  of  the  two  tests 
without  the  other  may  yield  a  fictitious  indication  for  a  given  glue. 

The  adoption  of  standard  methods  and  equipment  will  greatly 
simplify  the  testing  of  animal  glues  and  largely  overcome  the  con- 
fusion which  has  existed  in  the  past.  The  National  Association  of 
Glue  Manufacturers  has  worked  out  and  adopted  a  uniform  system 
of  testing  and  grading  glues  based  on  the  viscosity  and  jelly  strength, 
which  promises  to  bring  about  a  very  desirable  simplification  7<5). 

The  ]elly  point  of  an  animal  glue  is  the  temperature  at  which  a 
solution  of  the  glue  changes  from  a  liquid  to  a  jelly.  It  deter- 
mines in  large  part  the  necessity  for  warming  the  wood  and  is  there- 
fore of  considerable  importance  in  the  shop.  As  an  acceptance  test, 
however,  it  is  doubtful  whether  the  jelly  point  reveals  any  service 
quality  of  the  glue  not  indicated  by  viscosity  and  jelly  strength. 
No  standard  method  for  determining  the  jelly  point  has  yet  been 
agreed  upon,  but  an  approximation  can  be  easily  obtained  by  cooling 
a  portion  of  glue  solution  and  noting  the  temperature  at  which  it 
ceases  to  flow. 

A  number  of  other  properties  of  animal  glues  are  of  practical  im- 
portance. Acidity  or  alkalinity,  tendency  to  foam,  odor  and  keep- 
ing quality,  and  amount  of  grease  and  other  extraneous  materials 
present  all  determine  to  a  greater  or  less  extent  the  fitness  of  a  glue 
for  high-grade  joint  work  as  required  in  aircraft.     The  first  three 
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of  these  properties  can  be  determined  comparatively  easily  within 
the  limits  required  of  a  glue  for  joint  work  and  should  be  made  a 
consideration  in  selection.  The  presence  of  grease  and  other  for- 
eign materials  in  small  amounts  is  not  particularly  objectionable, 
and  the  exact  percentages  can  be  determined  only  by  quantitative 
analyses,  which  would  hardly  be  justified  under  all  conditions.  The 
amount  of  moisture  present  should  be  taken  into  consideration  in  the 
preparation  of  solutions  for  the  viscosity  and  jelly  strength  tests. 

PREPARATION  OF  GLUES  FOR  USE  IN  AIRCRAFT 

Clean,  cold  water  should  be  used  with  the  glues  that  are  under 
consideration  in  this  bulletin,  and  the  quantity  of  dry  glue  and 
water  should  be  determined  by  weight  rather  than  measure  or  guess. 
The  aim  in  mixing  glues  should  be  to  produce  a  solution  of  the 
proper  consistency  and  free  from  air  bubbles,  foam,  and  lumps  of 
undissolved  material.  Machine  mixing  normally  produces  a  more 
thoroughly  mixed  glue  than  stirring  by  hand. 

PKEPARING  CASEIN  GLUE 

Casein  glues  suitable  for  use  in  aircraft  are  of  two  kinds,  those 
prepared  in  dry  form  ready  to  be  added  to  water  and  those  in  which 
the  various  materials  are  combined  at  the  time  of  mixing  with 
water.  The  first  are  generally  referred  to  as  "  prepared "  glues 
and  the  second  as  "  wet-mix  "  glues.  Both  kinds  are  mixed  without 
heating  and  in  the  same  type  of  equipment.  Various  types  of 
mixers  have  been  used  successfully,  but  the  dough  type  (pi.  8,  A 
and  B),  equipped  with  a  mechanism  for  turning  the  paddle  in  a 
double  rotary  motion  at  two  or  three  different  speeds,  has  been  quite 
generally  used  with  excellent  results.  The  chief  requisites  of  a 
mixer  for  casein  glues  are  (1)  thorough  agitation,  preferably  with 
different  speeds  of  the  paddle,  and  (2)  a  bowl  that  can  be  readily 
removed  from  the  machine  for  cleaning,  made  of  some  metal  that 
will  not  corrode  rapidly  from  the  action  of  alkali. 

In  aircraft  repair  shops  in  which  only  small  quantities  of  glue  are 
needed  the  mixing  may  be  done  by  hand,  but  this  is  recommended 
only  where  machine  stirring  is  not  feasible.  A  small  mixer  of  the 
type  shown  in  Plate  8,  A  and  B  may  be  procured,  equipped  with  two 
sizes  of  mixing  bowls  in  which  quantities  of  wet  glue  varying  from 
2  to  20  pounds  may  be  mixed  successfully.  Where  hand  stirring  is 
necessary  a  paddle  or  stiff  spatula  should  be  used.  Egg  beaters  may 
be  used  but  unless  operated  at  low  speed  they  have  a  tendency  to  stir 
in  air  and  thus  produce  a  foamy  mixture.  The  conditions  and  pro- 
cedure recommended  in  succeeding  paragraphs  for  mechanical  mixers 
should  be  approximated  as  nearly  as  possible  in  hand  mixing. 

A  survey  of  aircraft-gluing  operations  (22)  has  shown  that  various 
types  of  mixers  are  in  use  with  varying  results.  Drill  presses,  to 
which  are  attached  a  small,  homemade  paddle  or  stirrer  are  used  in 
a  number  of  plants.  These  are  usually  run  at  too  high  a  speed  and 
cause  a  foamy  mixture.  Furthermore,  the  stirrer  does  not  agitate 
the  mixture  uniformly,  and  lumps  are  apt  to  form  while  the  dry 
glue  powder  is  being  added.  Other  1-speed  mixers  now  in  use  fre- 
quently permit  lumps  to  form  or  whip  air  into  the  mixture.  For 
these  reasons  the  use  of  a  2-speed  mixer,  equipped  with  a  stirrer  large 
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enough  to  agitate  the  whole  mixture  uniformly  at  speeds  of  100  to 
120  and  50  to  60  revolutions  per  minute,  respectively,  will  improve 
the  mixing  in  many  aircraft  factories. 

The  correct  proportion  of  glue  and  water  varies  with  the  particular 
brand  of  glue  and  somewhat  with  the  type  of  joint.  Manufacturers 
usually  recommend  the  proportions  oi  glue  and  water,  and  these 
should  be  followed  unless  other  proportions  are  known  to  give  better 
results.  For  most  prepared  casein  glues  a  ratio  of  1  part  of  glue  to 
2  parts  of  water  (by  weight)  gives  a  proper  consistency  for  side- 
grain  joints.  For  wet-mix  glues  the  proportions  of  water  and  other 
ingredients  are  given  in  the  formulas  in  the  appendix.  For  gluing 
end-grain  joints  some  variation  in  the  glue- water  ratio  is  necessary 
as  described  on  page  45. 

With  prepared  casein  glues  the  dry  powder  is  simply  mixed 
thoroughly  with  the  water  and  stirred  until  it  has  dissolved.  The 
water  should  first  be  placed  in  the  bowl  of  the  mixer  and  the  glue 
sprinkled  or  sifted  in  slowly  with  the  paddle  in  rapid  motion.  Care 
should  be  used  that  large  lumps  do  not  form.  After  the  dry  glue 
has  all  been  added  the  motion  of  the  paddle  should  be  slowed  down, 
but  the  stirring  should  be  continued  (usually  20  to  30  minutes)  until 
a  smooth  mixture  of  even  consistency  results.  Variations  in  pro- 
cedure are  advisable  for  certain  prepared  casein  glues.  In  such  glues 
the  glue-water  proportions  and  other  details  are  usually  recom- 
mended by  the  manufacturer. 

Wet-mix  casein  glues  are  prepared  according  to  formulas  by  the 
addition  of  the  separate  ingredients  at  the  time  of  mixing.  Detailed 
directions  for  mixing  casein  glues  suitable  for  aircraft  work  are 
given  on  pages  52  and  54. 

The  prepared  glues  are  convenient  and  easy  to  mix,  while  the  wet- 
mix  glues  require  somewhat  more  attention  and  skill  in  mixing. 
With  either  glue,  however,  a  procedure  can  easily  be  acquired  for 
mixing  the  various  ingredients  which  the  average  man  can  follow 
without  difficulty. 

Most  water-resistant  casein  glues  become  noticeably  thicker  on 
standing  at  room  temperatures,  but  in  such  cases  the  quality  of  joints 
apparently  is  unaffected  so  long  as  the  glues  can  be  applied  satis- 
factorily. On  the  other  hand,  casein  glues  that  do  not  set  to  a  jelly 
until  a  long  time  after  mixing  frequently  become  thinner;  such 
thinning  action  usually  indicates  a  deterioration  of  the  glue,  which 
may  render  its  use  unsafe.  In  general,  mixtures  that  remain  liquid 
for  a  long  time  do  not  produce  joints  of  high  water  resistance,  such 
as  required  in  aircraft,  even  though  the  mixture  is  used  while  fresh. 

Mixers,  spreaders,  and  other  equipment  used  with  casein  glues 
should  be  thoroughly  cleaned  at  regular  intervals  to  prevent  deteri- 
oration of  the  glue  and  the  inclusion  of  pieces  of  dry  glue  in  the 
freshly  prepared  mixture.  A  thorough  cleaning  every  working  day, 
before  the  glue  hardens,  is  highly  desirable. 

PREPARING  ANIMAL  GLUE 

An  animal  glue  which  meets  aircraft  specifications  ^'  requires  for 
each  pound  of  dry  glue  about  2%  pounds  of  water  for  standard  side- 
is  Specification  No.  3-140  (1927)  of  tho  U.  S.  Army  and  No;  52G4C  (1925)  of  tbe  U.  S. 
Navy  cover  animal  glue  for  use  iu  aircraft. 
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PLATE  6 


WING   STRUCTURE   MADE   LARGELY  OF  WOOD 

A,  (a)  Oas  tank  coinpartinent,  (b)  sides  of  box  beams,  (c)  comprpssion  rib  webs,  and  (d)  numerous 
gussets  made  of  plywood,  (e)  cap  strips,  (0  rib  diagonals,  ig)  spar  flanges,  and  (/))  braces  made  of 
solid  spruce;  1),  plywood  use  din  (a)  ailerons,  (b)  spars,  and  (c)  ribs,  (d)  Bow  end  laminated  from 
several  pieces  of  spruce. 
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PLATE  7 


WOOD    IN    PONTOON.    FUSELAGE.    AND   AMPHIBIAN   CONSTRUCTION 

A,  Pontoon  frames  made  largely  of  wood.  The  curved  ribs  are  of  thin  laminated  construction;  B, 
wood  is  used  on  the  frame  of  fuselages  as  a  base  to  which  is  attached  the  covering  and  various  acces- 
sories. Seats,  floors,  instrument  boards,  bulk  heads,  and  other  parts  are  also  made  largely  of 
plywood;  C,  wood  and  plywood  used  in  the  construction  of  an  amphibian  hull. 
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PLATE  8 


SATISFACTORY    MIXING    EQUIPMENT    FOR   CASEIN    AND   ANIMAL  GLUES 


A,  2-speed,  5-quart  size,  electric,  casein  rIuc  mixer  in  use  in  an  aircraft  factory.  The  dry  glue 
and  water  are  weighed  on  the  scale  and  the  mixed  glue  is  distributed  to  the  workmen  in  the 
sniuU  paraflined  i)ai)er  cups;  B,  3-si)eed  dough-tyj*.  electric  mixer,  equipiied  with  3  and  8 
quart  bowls  and  two  sizes  of  paddles  for  mixing  casein  glue;  C,  two  tyi)es  of  electric  glue  pots 
with  automatic  temiwrature  control  for  animal  glue. 
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grain  gluing.  This  proportion  may  be  varied  to  1  part  glue  to  2 
parts  water  where  a  mixture  of  a  heavier  consistency  is  required,  as 
on  end-grain  surfaces  or  in  quick  pressing  operations  and  on  warm 
wood.  On  the  other  hand,  a  mixture  of  1  to  3  may  be  used  for  sizing 
purposes. 

The  following  recommendations  are  made  for  the  preparation  and 
handling  of  animal  glue  for  aircraft  work:  (1)  Soak  glue  in  clean, 
cold  water  until  all  particles  are  softened.^*  Mix  thoroughly  the 
glue  and  water  when  combining  so  as  to  insure  uniform  absorption ; 
(2)  melt  glue  in  a  heater  from  which  the  solution  may  be  removed 
as  soon  as  melted  or  in  which  the  temperature  can  be  accurately 
controlled  (pi.  8,  C);  (3)  keep  the  melted  glue  at  a  temperature 
between  140°  and  150°  F. ;  (4)  use  the  glue  as  quickly  as  possible 
after  melting.  Glue  that  has  been  heated  for  a  total  time  of  four 
hours  should  be  discarded  ;^^  (5)  clean  thoroughly  all  glue 
receptacles  at  least  once  during  each  working  day. 

PREPARING  BLOOD-ALBUMIN  GLUES 

Blood-albumin  glues  are  prepared  by  combining  the  several  in- 
gredients at  the  time  of  mixing.  Dried  soluble  blood  albumin  is 
generally  used.  The  proportions  of  water  and  other  materials  added 
to  the  dried  blood  albumin  vary  greatly  with  different  formulas. 
Two  blood-glue  formulas  developed  at  the  Forest  Products  Labo- 
ratory, with  detailed  directions  for  mixing,  are  given  on  page  54. 

In  general  blood  glues,  used  commercially,  are  prepared  in  ac- 
cordance with  secret  formulas  and  processes.  Most  formulas  are 
reported  to  have  originated  in  European  and  Asiatic  countries  where 
blood  glues  have  been  used  for  a  longer  time  and  more  extensively 
than  in  this  country.  The  mixtures  of  most  value  for  aircraft  are 
of  a  viscous,  or  noncoagulated  type,  and  have  a  comparatively  low 
water  content. 

The  working  life  of  blood  glues  is  extremely  variable,  depending 
chiefly  upon  the  proportions  of  alkali  and  water  added  to  the  dried 
albumin.  Glues  can  easily  be  mixed  that  have  a  working  life  of 
several  hours  to  a  day  or  more.  As  with  other  glues  made  from 
animal  material,  precautions  should  be  taken  to  prevent  deteriora- 
tion from  bacteria  and  other  organisms  of  decay. 

PREPARATION  OF  WOOD  FOR  GLUING 

MOISTURE  CONTENT 

Wood  for  gluing  should  have  the  proper  moisture  content,  uni- 
formly distributed  throughout,  and  should  be  free  of  casehardening 
and  other  stresses   (^i). 

1*  The  time  required  to  soften  the  glue  thoroughly  may  vary  from  one  to  several  hours. 
One  hour  is  sufficient  time  for  a  ground  glue  that  will  pass  an  8-mesh  screen.  Longer 
periods  are  required  for  coarsely  ground  and  flake  glues.  Glue  which  is  soaked  for  several 
hours  should  be  placed  in  a  refrigerator  at  a  temperature  of  about  40°  to  50°  F.  to  prevent 
deterioration. 

1^  Batches  of  mixed  animal  glue  may  be  kept  from  one  day  to  the  next  at  a  temperature 
of  40°  to  50°  F.  without  any  appreciable  deterioration  and  remelted  and  used  later  with 
safety.  The  batch  should  be  discarded,  however,  when  the  combined  heating  periods  total 
four  hours.  Dry  glue  will  keep  for  an  indefinite  period  at  ordinary  room  temperatures  if 
safeguarded  from  dampness. 
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Any  considerable  change  of  moisture  content  in  wood  after  glu- 
ing usually  develops  stresses  in  the  glue  and  reduces  the  load  that 
the  member  will  withstand  in  service.  The  ideal  moisture  relation 
to  be  aimed  at  in  gluing  for  maximum  joint  strength,  therefore,  is 
that  the  moisture  content  of  the  wood  at  the  time  of  gluing  plus  the 
moisture  added  by  the  glue  should  be  equal  to  the  average  moisture 
content  that  the  member  will  have  in  service.  In  Table  2  are  shown 
the  average  maximum  and  minimum  moisture-content  values  of  wood 
in  service  in  airplane  parts,  as  determined  at  various  aircraft  stations 
throughout  the  United  States.  Table  3  shows  the  approximate  per- 
centages of  moisture  added  to  wood  by  the  glue  in  certain  types  of 
construction. 

The  effect  of  a  different  moisture  content  of  the  wood,  before  and 
after  gluing,  on  the  joint  strength  of  casein-glue  plywood  is  illus- 
trated in  Figure  8.  The  plywood  for  the  wet  tests  w^as  soaked  in 
cold  water  for  48  hours  and  tested  in  the  saturated  condition.  The 
dry  tests  were  made  at  a  moisture  content  of  10  to  12  per  cent. 


Table  3. — Percentaffes  of  moisture  added  to  wood  in  gluing  * 
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Plywood... 

yiO-\nch,    yellow 
poplar. 

H 2-inch,   yellow 
poplar. 

36.1 

30.9 
21.2 

23.1 
23.4 

H-inch,     Sitka 

spruce. 
14 -inch,  white  oak 
1-inch,  white  ash. 

17.3 

Laminated. 

1.7 

.8 

1  Percentages  calculated  from  average  weights  (oven  dry  based  on  volume  when  air  dry)  of  various  species 
as  given  in  Table  3  of  Report  No.  84  of  the  National  Advisory  Committee  for  Aeronautics  (7)  or  Table  2 
of  U.  S.  Deimrtinont  of  Agriculture  liulletin  556  (19).  In  the  calculations  it  is  assumed  that  all  the  sur- 
plus moisture  added  by  the  gluo  is  absorbed  by  the  wood.  This  assumption  is  known  to  be  somewhat 
in  error,  but  it  nevertheless  affords  a  fairly  satisfactory  basis  for  comparison. 

2  A  glue  mixture  of  1  part  dry  glue  and  2  parts  water  and  a  si)read  of  40  square  feet  of  single  glue  line 
per  pound  of  dry  glue  is  assumed  in  this  calculation. 

*  Core  consists  of  3  plies. 

*  Outer  12  plies  all  of  same  species  and  thickness. 

From  these  data  it  might  seem  that  the  proper  moisture  content 
of  wood  at  the  time  of  gluing  is  an  extremely  variable  quantity, 
depending  upon  the  high  or  low  moisture  content  of  the  finished 
article  in  service  and  the  exact  thickness  and  other  characteristics 
of  stock  being  glued.  In  general  practice,  however,  adjustments  can 
not  be  made  for  all  such  widely  varying  factors.  Experience  has 
shown  that  a  moisture  content  of  5  to  10  per  cent  is  satisfactory  for 
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veneer  and  thin  laminations  that  are  to  be  glued  into  plywood  and 
laminated  construction,  respectively,  provided  all  plies  or  lamina- 
tions are  at  approximately  the  same  moisture  content  within  this 
range.  For  laminations  one-half  inch  thick  and  thicker,  a  moisture 
content  of  10  to  12  per  cent  is  recommended',  except  for  propellers. 
Propellers  are  commonly  coated  with  an  effective  moisture-resistant 
finish,  so  that  a  moisture  content  of  about  8  per  cent  before  gluing 
is  recommended.  Wood  for  aircraft  seldom  must  be  conditioned 
to  a  moisture  content  as  low  as  5  per  cent  or  higher  than  12  per  cent. 
Under  average  aircraft-manufacturing  conditions  a  range  of  mois- 
ture content  from  7  to  12  per  cent  is  the  most  easily  obtained  and 
maintained  and  will  ordinarily  prove  satisfactory  for  most  veneer 
and  lumber. 

The  moisture  content  of  wood  that  has  been  properly  dried  for 
gluing  may  change  in  storage  or  in  the  factory  during  manufacture, 
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Figure  8. 


-Effect  of  moisture  content  of  veneer  upon  the 
strength  of  plywood  panels 


depending  upon  the  relative  humidity  of  the  surrounding  atmos- 
phere. In  the  manufacture  of  certain  aircraft  parts  it  may  be  nec- 
essary to  control  the  relative  humidity  in  the  storage  room  or  factory 
to  obtain  the  best  results.  The  relation  of  relative  humidity  to  the 
moisture  content  of  wood  is  shown  in  Figure  3. 


LUMBER 


CONDITIONING 


Lumber  that  has  been  dried  to  the  approximate  average  moisture 
content  desired  may  still  show  differences  between  various  boards 
and  between  the  center  and  the  outside  of  the  same  piece.  A  varia- 
tion of  1  per  cent  in  moisture  content  may  be  expected  between 
boards  of  the  same  species  even  when  they  are  of  uniform  dimen- 
sions and  are  exposed  continuously  under  the  same  conditions  of 
temperature  and  humidity.  Larger  differences  may  be  adjusted  by 
allowing  the  lumber  to  condition  under  suitable  atmospheric  tem- 
perature and  humidity  until  the  moisture  content  of  each  board 
comes  to  equilibrium  with  the  moisture  in  the  surrounding   air. 
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(Fig.  3.)  The  thickness  of  boards,  kind  of  wood,  and  moisture  dif- 
ferences present  all  affect  the  time  required  for  the  lumber  to  come 
to  equilibrium. 

MACHINING 

Machining  lumber  before  it  is  to  be  glued  should  accomplish  three 
important  objects:  (1)  Elmination  of  defects,  (2)  reduction  to 
the  proper  dimensions,  and  (3)  preparation  of  the  contact  surfaces 
for  the  glue.  The  stock  should  be  conditioned  to  the  desired  mois-  v 
ture  content  prior  to  the  machining.  It  is  best  to  machine  the  stock 
just  before  gluing,  so  that  the  surfaces  will  not  become  distorted 
irom  atmospheric  moisture  changes.  The  surfaces  for  gluing 
should  be  smooth  and  true.  Plies  for  cross-banded  or  laminated 
construction  (fig.  9,  A  to  G)  should  be  of  uniform  thickness.  A 
small  variation  m  thickness  in  each  piece  may  cause  a  difference  of 
serious  proportions,  as,  for  example,  when  a  number  of  similar  pieces 
are  piled  in  the  same  order  as  they  come  from  a  planer.  Planer 
marks,  chipped  or  loosened  grain,  and  other  surface  irregularities 
are  objectionable. 

SCRATCHED  AND  TOOTH-PLANED  JOINTS 

Scratching,  tooth  planing,  or  sanding  the  surfaces  to  be  glued  is 
still  practiced  by  many  operators,  who  either  believe  that  roughen- 
ing and  tearing  up  the  surface  fibers  gives  the  glue  a  better  chance 
to  adhere  to  the  wood  or  that  the  irregularities  are  cut  away  and 
flatter  pieces,  more  uniform  in  thickness,  are  obtained.  Investiga- 
tions into  the  penetration  of  glue  into  wood  and  tests  of  the  strength 
of  well-made  joints  show  no  benefit  from  such  practices  {^4). 

SHAPED   JOINTS    CONTRASTED    WITH   PLAIN   JOINTS 

The  fact  that  the  tongue-and-groove  and  other  shaped  joints 
present  a  larger  gluing  surface  than  the  plain  joints  is  often  con- 
sidered a  theoretical  advantage.  In  practice,  however,  this  advan- 
tage is  often  lost  entirely  or  m  part.  Shaped  joints  are  more  diffi- 
cult to  machine  than  plain  straight  edges  so  as  to  obtain  a  perfect 
fit  of  the  parts.  Lack  of  contact  may  make  the  effective  holding 
area  smaller  in  the  shaped  joint  than  on  a  flat  surface,  and  this 
may  actually  reduce  the  strength.  Furthermore,  if  proper  condi- 
tions are  maintained,  plane  tangential  or  radial  surfaces  (fig.  9,  A 
to  G)  of  most  woods  can  be  glued  so  as  to  develop  the  full  strength 
of  the  wood,  and  the  extra  contact  surface  therefore  becomes  super- 
fluous so  far  as  strength  is  concerned. 

In  edge-joint  gluing,  however,  the  tongue  and  groove  is  an  ad- 
vantage in  that  the  pieces  are  held  in  alignment  during  the  assem- 
bling process  and  there  is  less  slipping  of  the  parts  when  pressure 
is  applied.  This  makes  possible  more  ra})id  clamping  in  many  op- 
erations. When  end-grain  surfaces  have  to  be  joined,  as  illustrated 
in  Figure  9,  H  and  I,  cutting  to  sharp  angles  and  the  use  of  reinforc- 
ing members  are  usually  necessary. 

VENEER 

Veneer  is  cut  by  three  different  methods — sawing,  slicing,  and 
rotary  cutting.  By  far  the  largest  part  of  all  veneer  is  cut  oy  the 
rotary  process  because  it  is  cheaper  and  involves  less  waste  in  manu- 
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facture.  Both  rotary-cut  and  sliced  veneers  are  checked  somewhat 
on  the  side  of  the  sheet  next  to  the  bolt  or  flitch  (pi.  9,  B)  during 
the  manufacturing  process  whereas  sawed  veneer  is  more  uniform 


w/////////////y//^^^ 


V///7////A'//////////////////////////777777y 


/////////////////,  V//////rV/////////////^2Z 


Figure  9. — Types  of  joints  :  A,  Plywood  (all  veneer)  ;  B,  plywood  (lumber  core)  ;  C, 
■plywood  (lumber  or  veneer  core)  ;  D,  bent  plywood  (all  veneer)  ;  E,  curved  lami- 
nated construction ;  F,  laminated  propeller  hub ;  G,  section  of  laminated  beam ; 
H,  serrate  or  finger  joint;  I,  scarf  joint 

in  properties  on  the  two  sides  of  the  sheet.  The  amount  of  checking 
varies  with  (1)  the  kind  of  wood,  (2)  the  thickness  of  the  veneer 
cut,  (3)  the  preparation  of  the  bolt  or  flitch  for  cutting,  and  (4) 
the  efficiency  of  the  machine-cutting  operation.  Woods  with  small 
pores,  such  as  birch,  gum,  and  poplar,  are  easier  to  cut  without 
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serious  checking  than  woods  with  large  cells,  such  as  oak  and  ash. 
Thick  stock  is  more  liable  to  check  in  cutting  than  are  thin  sheets. 
Proper  heat  treatment  of  the  bolt  and  flitches  is  important  for  best 
results  in  both  rotary  cutting  and  slicing. 

There  appears  to  be  no  reason  why  plywood  for  aircraft  should 
not  be  made  from  well-cut  veneer  made  by  any  of  the  three  methods. 
Comparative  strength  and  warping  tests,  which  were  made  on  ply- 
wood manufactured  from  well-cut  veneer  by  the  three  processes  and 
from  the  same  logs,  showed  no  consistent  differences  in  properties. 
On  the  other  hand,  badly  checked  veneer  when  used  as  cores  in  3-ply 
panels  (pi.  9,  C)  is  known  to  reduce  the  joint  strength  in  the  plywood 
and  should  therefore  be  rejected  for  aircraft  work. 

The  following  characteristics  are  important  in  selecting  veneer 
for  use  in  aircraft:  (1)  Uniformity  of  thickness  in  the  same  piece; 

(2)  smoothness  and  flatness;  (3)  freedom  from  large  checks  or  other 
defects   (pi.  9,  B) ;  and   (4)   straight  grain  and  absence  of  decay 

(pl.9,D). 

GLUING  TECHNIC  AS  RELATED  TO  THE  QUALITY  OF  GLUE  JOINTS 

SATISFACTORY  AND   UNSATISFACTORY  JOINTS 

The  conditions  involved  in  the  gluing  operation  must  be  controlled 
so  as  to  produce  a  continuous  film  of  solid  glue  in  the  joint  with 
adequate  adhesion  to  both  pieces  of  wood.  These  conditions  involve 
a  sufficient  spread  of  the  glue  on  the  wood  surfaces  and  a  correct 
balance  between  the  consistency  of  the  glue  at  the  time  of  pressing 
and  the  amount  of  pressure  used.  A  satisfactory  joint  and  two  com- 
mon types  of  unsatisfactory  joints,  resulting  from  different  gluing 
conditions,  are  shown  in  Plate  10.  The  three  joints  were  all  made 
from  the  same  kind  and  quality  of  glue  and  wood,  prepared  in  the 
same  way.  The  "starved"  joint  (pi.  10,  B)  illustrates  the  result 
of  one  extreme,  where  the  glue  is  too  thin,  and  the  "  chilled  "  or 
"  dried  "  joint  (pi.  10,  C)  the  opposite,  where  the  glue  is  too  thick, 
for  the  amounts  of  pressure  used.  A  correct  balance  of  the  con- 
sistency of  the  glue  and  the  amount  of  pressure  used  gave  the  good 
joint.  (PL  10,  A.)  The  starved  and  chilled  joints  are  most  com- 
monly produced  with  animal  glue,  although  the  former  mav  occur 
with  any  thin  glue  mixture.  Dried  joints  may  occur  with  all  kinds 
of  glues. 

SPREADING  THE  GLUE 

To  make  a  satisfactory  joint  it  is  necessary  to  spread  evenly  the 
amount  of  glue  needed,  and  for  certain  classes  of  work  this  should  be 
done  within  as  short  a  time  as  possible.  These  requirements  can 
often  be  most  easily  met  by  machine  spreading,  but  in  the  construc- 
tion of  aircraft  from  many  small  and  irregular-shaped  pieces,  it  is 
frequently  necessary  to  spread  by  hand.  Low-viscosity  glues,  such 
as  warm  animal  glues,  and  most  blood-albumin  glues,  spread  easily 
by  either  method,  but  thick  casein  glues  are  difficult  to  spread  by 
hand,  and  it  is  therefore  best  to  use  a  machine  spreader  for  them 
whenever  possible. 
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SINGLE  AND  DOUBLE  SPREADING 

In  most  commercial  gluing  operations  the  glue  is  spread  on  but. 
one  of  the  two  contact  faces  of  the  pieces  being  glued  (single  spread- 
ing). At  times,  however,  both  contact  faces  are  coated  if  the  great- 
est precaution  is  being  taken  to  insure  good  joints.  In  order  to 
determine  the  comparative  value  of  the  two  methods  a  series  of  tests 
was  made  on  plywood,  a  part  of  which  was  single  spread  with  casein 
glue  and  the  other  double  spread.  The  results  of  the  tests,  given  in 
Table  4,  indicate  that  the  increase  in  strength  by  double  spreading 
is  slight. 

Table  4. — Comparison  of  results  of  tests  an  single  and  douUe  spreddinff  in 

gluing 


Method  of  spreading 

Averagei    joint 
strength  obtained 
when- 

Tested 
ary 

Tested 
wet 

Single - 

Lbs.  per 
sq.  in. 
369 
377 

Lbs.  per 
sq.  in. 
225 

Double                                           — 

235 

1  Each  test  value  is  an  average  of  at  least  75  specimens. 

A  more  extensive  test  was  made  on  thick  laminations  under  a 
wider  range  of  gluing  conditions.  The  results  again  showed  that 
good  joints  can  be  made  by  either  method  and  that  no  great  dif- 
ference in  strength  of  joints  ordinarily  occurs,  whether  one  or  both 
contact  faces  are  coated,  if  other  conditions  are  satisfactory.  How- 
ever, under  adverse  conditions  of  gluing,  as  when  the  glue  became 
very  thick  before  pressing,  double  spreading  was  found  to  be  more 
reliable. 

QUANTITY  OF  GLUE  SPREAD 

Within  certain  limits  the  strength  of  the  glue  joint  increases  with 
the  quantity  of  glue  spread.  This  is  illustrated  in  Figure  10.  The 
data  are  from  plywood  glued  with  casein  glue  under  good  gluing 
conditions.  In  other  tests  it  was  found  that  with  less  favorable 
gluing  conditions  the  quantity  of  glue  spread  affected  the  joint 
strength  to  a  still  greater  extent.  The  same  general  relationship 
holds  for  other  glues,  although  the  optimum  amount  of  spread  and 
rate  of  change  in  strength  vary  somewhat. 

A  spread  of  li/4  ounces  of  wet  glue  per  square  foot  of  single  glue 
line  (about  38  square  feet  per  pound  of  dry  glue  mixed  1  part  glue 
to  2  parts  water)  is  satisfactory  for  most  conditions  and  kinds  of 
gluing.  A  larger  or  smaller  quantity  may  be  used  advantageously 
under  certain  conditions.  With  casein  and  blood-albumin  glues  a 
spread  of  more  than  li/4  ounces  apparently  neither  lowers  nor  in- 
creases the  joint  strength  materially,  whereas  a  smaller  quantity  nor- 
mally produces  inferior  joints.  Tests  have  shown  that  animal  glue 
has  a  wider  range  of  satisfactory  spread  for  maximum  joint  strength, 
the  amount  to  use  being  determined  by  the  gluing  conditions;  good 
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joints  may  be  obtained  with  spreads  of  1  to  1%  ounces  per  square 
foot  if  other  conditions  are  adjusted  accordingly.  A  larger  quantity 
of  glue  is  required  when  both  contact  surfaces  are  coated  and  when 
conditions  are  such  that  the  glue  dries  considerably  on  the  wood 
before  pressing.  Warm  wood,  a  long  assembly  time,  and  exposure 
to  the  air  are  factors  that  bring  about  quick  drying  of  the  glue, 

CONSISTENCY  OF  GLUE  MIXTURE 

The  consistency  of  the  glue  at  the  time  of  pressing  is  perhaps  the 
most  important  factor  in  making  satisfactory  joints.  However,  the 
consistency  of  glue  after  being  spread  on  the  wood  is  extremely 
variable,  depending  upon  such  factors  as  the  kind  of  glue,  glue-water 
proportion  of  the  mixture,  quantity  of  glue  spread,  moisture  content 
of  the  wood,  temperature  of  the  glue,  room,  and  wood,  the  time  elaps- 
ing between  spreading 


as         0.7  0.6  0.<)  1.0  /./  I.Z  l.i  1.4  1.5  1.6  1.7 

WANTtTY  OF  GLUE  SPREAD  (OUNCES  PER  SQUARE  FOOT  OF  GLUE  LINE  SPREA^ 

Figure  10. — Relation  between  quantity  of  glue  spread  and 
plywood  joint  strength.  Tests  made  on  3-ply  panels 
with  -^-Inch  birch  faces  and  i^-inch  red  gum  cores 
glued  with  casein  glue.  Joining  preesure,  200  pounds 
per  square  inch ;  assembly  time,  3  to  12  minutes 


and  pressing,  and  the 
extent  to  which  the 
glue  -  coated  surfaces 
are  exposed  to  the  air. 
The  kind  of  glue  and 
the  moisture  content 
of  the  wood  should  be 
predetermined  by  con- 
ditions of  service.  The 
other  factors  may  be 
varied  somewhat  to 
suit  the  particular 
gluing  operation. 

It  is  very  difficult 
to  measure  the  viscos- 
ity of  a  glue  mixture 
after  it  is  spread  on 
wood  surfaces,  but  it  is  possible  to  judge  of  the  consistency  in  an 
empirical  way  by  touching  the  glue  layer  with  the  fingers.  An 
animal  glue,  for  example,  should  be  thick  enough  to  form  short, 
thick  strings,  but  not  too  thick  to  take  an  imprint  or  depression 
readily.  Between  the  two  conditions  thus  defined  good  results  are 
produced  with  a  moderate  amount  of  pressure.  At  the  time  of  press- 
ing a  glue  of  the  proper  consistency  will  flow  sufficiently  to  show  a 
distinct  line  of  glue  at  the  joint  edge.  (PL  10,  A.)  The  absence 
of  a  line  of  glue  at  the  joint  indicates  a  chilled  or  dried  joint. 
(PI.  10,  C.)  If,  on  the  other  hand,  the  glue  flows  out  and  down  over 
the  edges  of  the  pieces  excessively  it  indicates  the  likelihood  of  a 
starved  joint.     (PI.  10,  B.) 

EFFECT  OF  ASSEMBLY  TIME  AND  TEMPERATURE 

Where  pieces  of  wood  are  coated  and  exposed  freely  to  the  air 
a  much  more  rapid  change  in  consistency  of  the  glue  occurs  than 
where  the  pieces  are  laid  together  as  soon  as  the  spreading  (single 
or  double)  has  been  done.  The  condition  of  free  exposure  is  con- 
veniently referred  to  as  "  open  assembly,"  and  the  other  as  "  closed 
assembly." 
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QUALITY   OF   VENEER   AFFECTS   STRENGTH    OF   PLYWOOD 

A,  Strong  joints  glued  from  straight-grained  well-cut  veneer;  B,  veneer  badly  checked  in  cutting, 
not  suitable  for  aircraft  plywood;  C,  plywood  test  specimens,  with  core  of  checked  veneer  shown 
in  B,  failed  by  breaking  from  check  to  check  and  gave  low  strength  values;  D,  cross-grained 
veneer,  which  should  be  rejected  for  aircraft  use;  E,  broken  plywood  specimens  with  a  cross- 
grained  face  ply  similar  to  D.    The  cross-grained  breaks  resulted  in  low  strength  values. 
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STRONG    AND    WEAK    JOINTS    RESULTING    FROM     DIFFERENT    GLUING    CON- 
DITIONS 


A,  Well-Rlued  joint,  innde  with  a  pioi)er  relation  between  pressure  and  consistency  of  glue;  B, 
starved  joint,  resulted  from  the  application  of  pressure  while  the  Blue  was  t(M)  thin.  Ocrurs  fre- 
quently with  animal  and  other  thin  glue  mixtures  on  certain  woods;  (\  chilled  joint,  glue  chilled 
excessively  and  amount  of  pre.ssuro  was  insulllcient  to  bring  about  complete  contact.  Olue 
that  dries  excessively  before  i)re.ssiug  gives  the  same  result. 
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TESTED  PRY 


TESTE P  WET 
•—% a. 


The  effect  of  the  time  element  on  the  strength  of  casein-glue 
joints  under  closed-assembly  conditions  is  illustrated  in  Figure  11. 
The  results  shown  are  for  eight  groups  of  plywood  panels  spread 
with  glue  in  succession  and  pressed  together  in  the  same  press, 
giving  different  assembly  times.  The  assembly  time  was  shortest 
for  the  last  panels  spread.  The  consistency  of  the  glue  at  the 
shortest  assembly  periods  was  too  thin  and  at  the  longest  periods 
had  become  too  thick  to  give  the  best  joint  strength  at  the  pressure 
used.  In  other  tests  the  use  of  somewhat  lighter  pressure  at  early 
periods  and  a  heavier  pressure  at  later  periods  was  found  to  give 
more  uniform  joint  strength,  but  such  variation  is,  of  course,  im- 
possible where  all  the  panels  are  pressed  at  one  time. 

Of  the  glues  used  for  woodworking,  animal  glue  normally  shows 
the  largest  change  in  consistency  during  the  gluing  operation.  This 
is  due  primarily  to 
the  striking  effect  of 
cooling  in  increasing 
the  viscosity  of  an 
animal  -  glue  solution, 
illustrated  in  Figure 
12.  The  change  of  vis- 
cosity of  other  glues 
from  the  effect  of 
temperature  is  small 
in  comparison,  even  if 
they  are  subjected  to 
the  same  temperature 
changes,  which  is  sel- 
dom. However,  with 
all  glues  a  rather  indi- 
rect effect  of  tempera- 
ture is  the  thickening 
of  the  glue  solution 
by  drying.  High  tem- 
peratures, especially  of 
the  wood,  dry  the  glue 
on  the  wood  surfaces 
more  rapidly  than  do  lower  temperatures.  For  animal  glue  on  wood 
at  high  temperatures  (120°  to  140°  F.)  this  thickening  from  drying 
is  the  only  means  of  bringing  the  glue  to  a  proper  consistency  for 
pressing,  and  the  process  is  slow.  The  cooling  of  the  glue  is  rapid  on 
wood  at  relatively  low  temperatures  (70°  F.)  and  becomes  the  con- 
trolling factor  in  producing  a  proper  consistency,  the  drying  effect 
becoming  relatively  unimportant.  With  animal  glue,  therefore,  a 
definite  control  of  temperature  is  necessary  or,  if  changes  in  temper- 
ature occur,  other  conditions  must  be  varied  to  prevent  or  compensate 
for  differences  in  consistency  (p.  27). 

Satisfactory  joints  are  obtained  with  both  casein  and  blood- 
albumin  glues  when  applied  at  room  temperatures  ranging  from 
about  70°  to  90°  F.,  and  variations  within  this  range  do  not  require 
any  important  change  in  other  conditions,  such  as  assembly  time  or 
amount  of  pressure. 
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ASSEMBLY  TIME   (MiNUTES) 

Figure  11. — Effect  of  assembly  time  on  the  joint  strength 
of  plywood  glued  with  casein  glue.  Tests  were  made 
on  3-ply  panels  with  -^g-inch  birch  faces  and  ^-inch 
red  gum  cores.  The  joining  pressure  was  200  pounds 
per  square  inch 
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The  approximate  ranges  in  time  at  which  average  mixtures  of 
aircraft  glues  reach  a  satisfactory  consistency  for  pressing  under 
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90 


100  no  IZO  130  140 
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no 


Figure  12. — Relation  between  temperature  and  viscosity  of  an  animal  Klue  tliat 
meets  aircraft  apeciflcations.  The  tests  wore  made  ou  a  solution  mixed  1  part 
of  dry  glue  to  2V4  parts  of  water 

open  and  closed  assembly  and  different  temperatures  are  shown  in 
Table  5. 
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Table  5. — Range  in  assemTyly  time  for  different  glues  * 
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Manner  of  assembly 

Temperature  of— 

Approxi- 
mate as- 

Kind of  glue 

Room 

Wood 

sembling 
time 

Closed.. 

op 

70 
70 
70 
70 
80 
90 
70 
80 

70 
70 
70 
70 
80 
90 
70 
80 

Minutes 
0    -20 

Do                                          

Open 

0-8 

"Rlnofl -al  hii  m  in 

Closed    

5    -20 

do 

Vr-  1 

Do    

do. 

3-5 

Do                             

do 

10    -20 

Do                                                            

Open 

H-  1 

Do             

do 

1  -  2yi 

1  Conditions  other  than  those  given  in  the  table  were  assumed  as  follows:  Customary  mixtures  of  the 
glues,  spread  IJ^  ounces  per  square  foot  and  pressed  with  200  pounds  pressure  per  square  inch  of  joint  area, 

» Animal  glue  of  the  minimum  properties  required  in  U.  S.  Army  Specif.  No.  3-140  (1927)  and  U.  S.  Navy 
Dept.  Specif.  No.  52G4C  (1925). 

The  foregoing  combinations  of  assemblies  and  temperatures  are 
given  as  a  guide  and  may  be  varied,  provided  other  conditions  are 
changed.  For  example,  mixing  a  glue  solution  thicker  than  custom- 
ary would  lower  the  time  limits  between  which  the  joints  can  safely 
be  pressed.  A  pressure  of  more  than  200  pounds  per  square  inch 
would  extend  somewhat  the  maximum  time  limit,  while  a  pressure 
less  than  200  pounds  per  square  inch  would  lower  the  minimum  time 
limit.  In  general,  longer  assembly  times  are  advisable  with  thin  glue 
mixtures,  heavy  spreads,  and  high  pressures,  and  shorter  assembly 
times  may  be  used  successfully  with  thicker  mixtures  of  glue  and 
lighter  spreads  and  pressures. 

In  gluing  small  parts  at  room  temperatures  it  is  ordinarily  not 
difficult  to  apply  the  pressure  when  the  glue  has  a  proper  consistency 
for  moderate  pressure.  In  larger  operations,  as  in  gluing  propellers 
or  plywood,  the  lapse  of  time  varies  considerably,  and  consequently 
the  consistency  of  the  glue  spread  first  and  that  spread  last  in  the 
same  construction  or  stack  of  panels  is  not  the  same.  In  such  cases 
a  set  of  conditions  must  be  selected  that  gives  a  sufficient  time  range 
(p.  41). 

Temperature,  aside  from  its  effect  upon  consistency  and  the  result- 
ing strength  of  the  joint,  also  influences  the  rate  at  which  the  glue 
sets  and  at  which  the  joint  gains  strength  under  pressure  (p.  32). 

PRESSING  AND  CLAMPING 

Pressure  on  the  joint  during  the  early  setting  of  the  glue  is  required 
for  best  results  in  practically  all  types  and  forms  of  gluing.  The 
functions  of  pressure  are  to  spread  the  glue  out  into  a  continuous 
film  between  the  wood  layers,  to  force  air  from  the  joint,  to  bring 
the  wood  surfaces  into  intimate  contact  with  the  glue,  and  to  hold 
them  in  this  position  dliring  the  setting  of  the  glue. 

METHODS  OF  APPLYING  PRESSURE 

The  methods  employed  in  applying  pressure  to  glue  joints  in  air- 
craft manufacture  range  from  the  insertion  of  brads  and  screws  to 
the  use  of  powerful  hydraulic  and  electric  power  presses.  Figure  13 
illustrates  some  of  the  means  used  for  applying  pressure  by  hand. 
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In  a  large  number  of  joints  in  the  wing  structure  the  insertion  of 
brads  and  small  nails  is  the  method  commonly  used.  (Fig.  13,  A.) 
The  spring  clamp  (fig.  13,  B)  is  used  some  in  gluing  small,  narrow 


Figure  13. — Hand  devices  used  in  applying  pressure  to  glue  Joints :  A,  Brads  or 
nails ;  B,  spring  clarap ;  C,  eccentric  clamp ;  D,  wood  clamp ;  E,  C  clamp ;  F,  Jack- 
scrow ;  G,  bar  clamp 

joints,  and  the  eccentric  clamp  (fig.  13,  C)  in  applying  pressure  to 
the  flanges  of  box  beams  when  gluing  the  reinforcing  blocks  in  place. 


GLUING   WOOD   IN   AIRCRAFT   MANUFACTURE 


29 


Wood  clamps  and  C  clamps  (fig.  13,  D  and  E)  are  extensively  used 
in  gluing  spars,  spar  flanges,  reinforcing  blocks,  and  bow  ends. 
(Pis.  11  and  12.)  The  larger  laminated  members,  such  as  spars  and 
propellers,  are  usually  pressed  under  jackscrews  (fig.  13,  F) 
mounted  on  frames  (pi.  12,  A)  where  several  are  used  on  the  same 
joints.  The  bar  clamp  (fig.  13,  G)  is  useful  when  gluing  pieces  edge 
to  edge. 

The  amount  of  pressure  that  can  be  applied  with  different  types 
of  equipment  varies  enormously.  The  amount  of  pressure  applied 
by  a  single  brad  may  be  only  a  matter  of  pounds  whereas  several 
tons  may  be  applied  with  the  jackscrews.  Tests  made  on  some  de- 
vices of  the  types  illustrated  in  Figure  13  have  provided  the  data 
shown  in  Table  6,  which  may  serve  as  a  guide  in  the  use  of  similar 
pressure  equipment.  Where  the  screws  of  clamps  and  presses  differ 
from  those  illustrated  in  Figure  13  and  Table  6  the  approximate 
loads  may  be  calculated  from  the  formula  given  in  footnote  2  of 
Table  6.  In  gluing  plywood,  power  presses,  either  of  the  hydraulic 
or  electric  types  (pi.  13),  are  commonly  used  in  which  loads  up  to 
several  hundred  thousand,  pounds  can  be  applied.  Such  presses  are 
usually  equipped  with  pressure  gauges. 

Table  6. — Pressure  data  on  screw  clamps  and  other  devices  used  in  gluing 


Equipment  tested 

Force 
applied 

Length 

of  lever 

arm 

Pitch  of 
screw 

Diam- 
eter 
of  screw 

Total 
loadi 

Coeffi- 
cient of 
friction 

Jackscrew 

Pounds 

1 170.  0 

1 170.  0 

1  170.  0 

1  140.  0 

2  70.0 

2  69.5 

2  70.2 

2  79.9 

2  71.3 

Inches 
37 
18 
31 

h 

2 

2H 
H 

Inches 

1M6 

IMe 

2^6 

li 
Me 
Me 
iMe 

Pounds 

33, 850 

16, 350 

16,  720 

7,500 

1,585 

2,700 

1,370 

2,810 

720 

2  0  1978 

Do 

2    1997 

Do 

2  2000 

Do 

2  2498 

C  clamp 

3  20 

Do 

3.20 

Do                                

3  20 

Bar  clamp 

3  20 

3  20 

1  Measured  in  test. 

2  Calculated  from  the  formula  FL=WRm  i  j)jji—f^ )  >  which  is  applicable  to  square-thread  screws. 

Where  F=  force  applied  to  lever  arm  in  pounds. 
L= length  of  lever  arm  in  inches. 
W=load  in  pounds. 
jRm=mean  radius  of  screw  in  inches. 
/■= coefficient  of  friction. 
•7r=3.1416. 
Dm  =  mean  diameter  of  screw  in  inches. 
iir=  pitch  of  screw  (single  thread)  or  lead  (multiple  thread). 
'  Assumed  from  results  of  previous  tests. 
*  Screws  with  V-type  threads;  hence  calculation  from  formula  is  only  approximate. 

To  secure  the  best  results  in  gluing,  the  pressure  should  be  dis- 
tributed uniformly  over  the  joint  area.  High  pressure  at  certain 
points  and  low  pressure  at  others  results  in  weak  spots  or  areas  in 
the  joint.  Blocks  and  cauls  are  frequently  used  between  the  clamp 
or  press  and  the  layers  being  glued  to  distribute  the  load  from  the 
point  of  contact  to  other  parts  not  directly  under  the  load.  This  is 
particularly  necessary  where  thin  plies  are  glued.  Obviously  such 
members  must  be  true  and  uniform  in  dimension  or  they  do  not 
fulfill  their  purpose.  Other  principal  causes  of  unequal  pressure 
on  joints   are:   (1)    Irregular  surfaces   of   the   wood   pieces  being 
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glued;  (2)  unequal  thicknesses  or  width  of  stock;  (3)  improper 
spacing  of  the  pressure-bearing  members;  and  (4)  deflection  and 
other  imperfections  in  press,  clamps,  or  other  pressing  equipment. 

Where  heavy  loads  are  applied,  as  in  gluing  propellers  and  ply- 
wood, large  deflections  of  the  press  members  may,  and  frequently  do, 
occur.  This  is  most  often  true  with  heavy  screws  of  the  type  shown 
as  Figure  13,  F,  and  where  I  beams  and  retaining  clamps  are  used 
with  bundles  of  veneered  panels  for  retention  of  pressure  after  re- 
moval from  the  press.  (PL  13,  A.)  The  presses  should  be  designed 
rigid  enough  and  the  retaining  I  beams  should  be  stiff  enough  and 
spaced  sufficiently  close  so  that  undue  deflection  will  not  occur. 
Likewise,  the  platens  and  other  large  bearing  surfaces  of  large 
presses  should  be  smooth,  true,  and  parallel. 

The  load  originally  applied  to  glue  joints  tends  to  drop  as  the 
glue  squeezes  out  from  between  the  wood  layers  and  distributes  itself 
in  the  joint.     Care  should  be  used  that  the  correct  amount  of  pres- 


ROOM  AND  WOOD  AT  WF. 


AVtRACt  VALUES 


MINIMUM  VALUES 


1000 -O 


KOOM  AND  WOOD  AT  lO'F 


^ 


o 

MINIMUM  VALUiS 


J I I I L 


JOINING  PRESSURE  (POUNDS  PER  SQUARE  INCH) 

Figure  14. — Relation  between  pressure  and  joint  ptrenpth.  Tests  were  made  on 
yellow  birch  and  animal  glue.  Shaded  portion  of  average  points  indicates  per- 
centage of  wood  failure  developed  in  testing  joints.  (A  large  percentage  of  wood 
failure  Indicates  that  the  joints  are  well  made) 

sure  is  maintained.  It  is  therefore  necessary  to  continue  adjusting 
the  clamps  or  other  devices  for  a  short  time  after  the  original  appli- 
cation 01  the  load. 

AMOUNT  OF  PRESSURE 

A  light  pressure  should  be  used  with  a  thin  glue,  a  heavy  pres- 
sure with  a  thick  glue,  and  corresponding  variations  in  pressure 
should  be  made  with  glues  of  intermediate  consistencies.  In  Figure 
14  are  shown  the  results  of  joint  tests  made  on  1-inch  stock  with 
animal  glue,  which  illustrates  the  relation  between  the  amount  of 
pressure  and  the  resulting  average  joint  strength.  From  these  and 
other  data  the  curve  of  Figure  15  was  derived,  showing  pressures 
recommended  by  the  Forest  Products  Laboratory  for  different  con- 
sistencies of  glue. 

While  it  is  possible  to  make  strong  joints  wuth  pressures  of  less 
than  50  pounds  per  square  inch,  such  pressures  are  generally  not 
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feasible  under  commercial  conditions.  The  successful  use  of  light 
pressures  presupposes  that  the  wood  surfaces  are  free  from  warping 
and  other  irregularities — a  condition  that  seldom  prevails.     Pres- 
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Figure  15. — Joining  pressures  recommended  for  glues  of  varying  consistencies.  Low 
viscosity,  represented  by  thinly  mixed,  warm  animal  glues  and  thinly  mixed  blood- 
albumin  glues ;  medium  viscosity,  represented  by  thickly  mixed  blood-albumin 
glues,  slightly  cooled  animal  glues,  and  thin  casein  glues  ;  high  viscosity,  repre- 
sented by  thick  casein  glues,  semijellied  animal  glues,  and  blood-albumin  glues  ; 
very  high  viscosity,  represented  by  firmly  jellied  animal  glues  * 

sures  in  excess  of  200  pounds  per  square  inch  may  crush  certain 
woods,  and  pressures  as  high  as  400  pounds  per  square  inch  are 
applicable  only  to  the  strongest  species  of  wood.     In  general,  ex- 
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perimental  and  practical  work  has  justified  the  use  of  a  pressure  of 
about  200  pounds  per  square  inch  and  a  medium-high  viscosity  of 
glue  where  maximum  strength  of  joint  is  required. 

The  occurrence  of  an  occasional  weak  joint  or  part  of  a  joint, 
which  may  cause  failure  in  service,  is  of  great  significance  to  the 
builder  of  aircraft.  The  selection  and  control  of  gluing  conditions 
so  as  to  avoid  weak  spots  in  the  joints  is  of  even  greater  importance 
than  the  average  strength  of  the  joints.  Figure  14  shows  the  effect 
of  the  amount  of  pressure  on  minimum  values  in  joint  tests  made 
with  animal  glue. 

Figure  16  shows  the  gluing  conditions  under  which  low  strength 
joints  are  most  likely  to   occur   when  gluing   with   casein   glue.^® 
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FiauRB  16. — Occurrence  of  low  joint  strength  In  relation  to  gluing  conditions  with 
casein  glue.  Figures  in  circles  represent  the  number  of  low-strength  Joints  occur- 
ring with  each  combination  and  pressure  and  assembly  time. 

Twenty-four  species  of  wood  were  glued  in  these  experiments,  under 
16  combinations  of  gluing  conditions.  Ten  test  specimens  were 
made  from  each  species  under  each  gluing  condition  which  made  a 
total  of  160  specimens  for  each  species  and  3,840  for  the  24  different 
woods.  The  lowest  10  per  cent  of  the  strength  values  of  each  species 
were  separated  and  arranged  under  the  conditions  producing  them, 
excluding,  however,  the  values  where  failure  was  completely  in  the 
wood.  The  largest  number  of  weak  joints  occurred  with  long 
assemblies  and  low  pressures,  and  the  smallest  number  with  the  short 
assemblies  and  high  pressures. 

DURATION   OF  PRESSURE 

Joints  should  be  retained  under  pressure  at  least  until  they  have  a 
sufficient  strength  to  withstand  the  internal  stresses  tending  to  sepa- 


ls The  glue  mixture  contained  about   10   per  cent  loss  water  than  shown  In   formula 
No.  4B  (p.  54)  and  was  slightly  thicker  than  an  average  casein  glue. 
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Plate  12 


Spar  Construction 


A,  An  aircraft  factory  press  loaded  with  laminated  spars  of  solid  construction.  Two  pieces  of  spruce 
are  {ilued  tojiethcr  to  form  one  si>ar.  Pressure  i)er  S(|uare  inch  of  joint  area  is  from  IW  to  l.M)  ixiunds; 
H,  Kluinir  reiiifoiciiip:  blocks  to  the  flannes  of  a  box  spar.  Pressure,  ai)plied  by  means  of  woo<l 
clami)s,  is  insullicient  and  not  pro|)erly  distributed  for  making  the  best  joints:  C.  a  box  s^>nr  show- 
inj;  laminated  nances,  ."i-ply  reinforciuR  block,  and  3-ply  veneer  sides.  The  plywood  sides  were 
pressed  to  the  framework  of  the  spar  by  the  use  of  brads  only. 
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PLATE    13 


POWER  Presses  Used  in  Gluing  Plywood 


A,  Hydraulic,  cold  press  showing  stack  of  panels  with  I  beams  and  retaining  clamps  in  place; 
B,  hydraulic,  hot  plate  press  used  in  the  manufacture  of  blood-albumin  glued  plywood. 
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rate  the  wood  pieces.  It  is  safe  to  assume  that  under  favorable 
gluing  conditions  this  stage  will  be  reached  in  from  two  to  seven 
hours,  according  to  the  thickness  and  absorptive  power  of  the  wood. 
A  pressing  period  beyond  the  minimum  is  advisable  as  a  precau- 
tionary measure  where  operating  conditions  permit. 

The  rate  at  which  the  joints  gain  strength  is  the  principal  factor 
determining  the  length  of  time  in  the  press.  Joints  increase  in 
strength  mainly  as  a  result  of  drying  of  the  glue  layer,  and  drying  is 
in  turn  affected  by  several  factors.  The  quickest  release  of  pressure 
is  possible  when  a  fast-setting  glue,  a  thin  spread,  and  warm,  dry, 
thick  layers  of  wood  are  used  in  a  warm  room. 
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Figure  17. — Strength-time  relation  for  animal  and  casein  glue  joints.  Tests  were 
made  on  %-inch  hard  maple  and  Sitka  spruce  as  soon  as  possible  after  joints  were 
taken  from  press.  Each  value  is  an  average  of  at  least  24  test  specimens  from 
6  or  more  joints 


Figure  17,  showing  the  increase  of  strength  of  joints  with  time  of 
pressing,  is  based  on  tests  of  animal  and  casein  glues.  The  gluing 
was  done  under  conditions  favorable  to  the  production  of  strong 
joints.  The  rates  of  increase  in  strength  of  the  two  glues  are  ap- 
proximately equal  when  the  glues  are  used  in  a  room  and  on  wood  at 
a  temperature  of  about  70°  F.  Animal-glue  joints  made  in  a 
warmer  room  and  on  heated  wood  showed  a  more  rapid  increase  in 
strength,  and  in  all  probability  the  same  would  be  true  for  casein 
glue.  The  higher  temperatures  apparently  increase  the  drying  rate, 
but  they  are  also  known  to  be  a  serious  cause  of  lower  final  strength 
of  joints.  In  the  tests  represented  in  Figure  17  the  glue  was  as 
strong  in  shear  after  6  hours  of  pressing  as  the  maple  wood  ad- 
jacent the  glue  line.  In  the  tests  with  spruce,  the  glue  was  as  strong 
as  the  wood  in  4  hours.  The  strength  shown  for  sugar-maple 
joints  at  the  end  of  about  8  hours  of  pressing  by  no  means  repre- 
119542°— 30 3 
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sents  the  final  strength  of  the  joints.  A  further  conditioning,  ex- 
tending in  all  over  a  7-day  period,  permitted  an  equalization  of 
moisture  which  resulted  in  an  average  joint  strength  on  sugar  maple 
of  approximately  3,000  pounds  per  square  inch.  In  other  tests  of 
the  same  series,  joints,  which  were  pressed  for  2  hours  and  then 
allowed  to  season  for  22  hours,  proved  as  strong  as  those  that  had 
been  pressed  for  24  hours.  Sugar-maple  joints  pressed  for  only 
one-half  hour  and  seasoned  for  24  hours,  although  of  fair  average 
strength,  showed  greater  variation  and  would  not  be  so  dependable 
where  uniform  maximum  strength  is  important. 

In  gluing  veneer  the  early  setting  of  the  glue  is  about  as  quick  as 
in  gluing  thick  joints,  but  beyond  this  the  veneer  joint  appears  to 
increase  in  strength  more  slowly.  The  thin  layers  of  wood  do  not 
continue  to  absorb  the  moisture  as  rapidly  from  the  glue  as  the 
thicker  stock,  and  a  longer  pressing  period  is  therefore  required. 
Plywood  is  usually  left  under  pressure  for  18  to  24  hours,  but  this  is 
determined  more  by  routine  of  operation  than  by  the  rate  of  setting 
of  the  glue.  Pressing  plywood  beyond  5  to  7  hours  appears  to  he 
unnecessary  if  it  has  been  properly  glued,  although  the  customary 
longer  periods  are  not  harmful  and  insure  an  additional  margin  of 
safety. 

USE  OF  HEAT  IN   PRESSING 

With  most  blood-albumin  glues  hot-plate  presses  are  required  in 
making  joints.  (PI.  13,  B.)  The  glue  must  be  brought  to  a  mini- 
mum temperature  of  about  160°  F.  to  render  the  joint  water- 
resistant.  Heat  and  pressure  are  applied  at  the  same  time  by  means 
of  steam-heated  platens.  The  temperature  of  the  platens  usually 
ranges  between  212°  and  300°.  With  certain  formulas  temperatures 
of  about  300°  give  the  strongest  and  most  highly  water-resistant 
joints,  but  at  the  same  time  they  are  liable  to  develop  blisters  or 
steam  pockets  in  the  panels  during  the  pressing  process.  The  time 
required  in  pressing  varies  with  the  temperature  of  the  platens  and 
thickness  and  kind  of  the  material  being  pressed.  The  variation  in 
time  in  actual  practice  is  from  2  or  3  minutes  to  as  much  as  30 
minutes. 

Casein  glues  for  use  in  aircraft  are  usually  pressed  cold.  Ex- 
periments have  shown,  however,  that  the  quality  and  water  resist- 
ance of  casein-glue  plywood  can  be  substantially  improved  by  the 
application  of  heat.  Hot  pressing  after  the  joints  had  set  but 
beiore  they  had  dried  resulted  in  a  somewhat  greater  improvement 
than  hot  pressing  at  the  time  of  gluing.  AVith  some  brands  of 
casein  glues  the  wet  strength  of  the  resulting  joint  was  increased 
by  35  to  40  per  cent. 

GLUING  DIFFERENT  SPECIES  AND  SURFACES  OF  WOOD 

SPECIES  GLUED 

A  very  large  part  of  the  wood  used  in  aircraft  is  Sitka  spruce 
which,  fortunately,  is  comparatively  easy  to  glue.  Ash,  basswood, 
black  walnut,  mahogany,  hard  maple,  wftite  oak,  and  yellow  poplar 
are  also  used  and  glued  to  some  extent.     Spruce  does  not  require  so 
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careful  control  of  gluing  conditions  as  the  other  species  in  order 
to  make  joints  of  maximum  strength.  Ash,  black  walnut,  birch, 
hard  maple,  and  white  oak  will  require  very  careful  control  of  the 
gluing  operation  to  obtain  the  best  results. 

Gluing  tests  have  been  made  at  the  Forest  Products  Laboratory 
on  about  40  different  species,  including  those  used  most  in  aircraft 
construction.  The  woods  were  glued  with  animal,  casein,  and  vege- 
table glues  under  a  wide  range  of  pressures  and  assembly  times  ^^ 
and  the  joints  were  tested  in  shear  in  the  manner  illustrated  in  Fig- 
ure 5.  The  joints  which  showed  no  marked  or  general  vari- 
ation in  strength  were  taken  as  a  basis  for  comparing  the  gluing 
characteristics  of  the  different  species  of  wood.  From  these  tests 
definite  recommendations  have  been  made  for  the  gluing  of  each 
species.^^  The  results  obtained  with  animal  and  casein  glues  ,are 
applicable  to  aircraft  gluing. 

In  Figure  18  the  average  joint  strengths  of  31  species,  which  have 
been  glued  in  aircraft  or  which  from  their  properties  and  abundance 
may  warrant  consideration  for  aircraft  purposes,  are  plotted  against 
the  specific  gavity  of  the  wood  tested.  The  strength  of  wood  is 
known  to  vary  in  a  general  w^ay  with  its  density,  and  from  Figure 
18  the  same  relation  is  seen  to  exist  for  glued  joints,  even  where 
complete  wood  failure  did  not  occur  in  testing.^^  The  amount  of 
wood  failure  occurring  during  test  over  the  glue-line  area  was  gener- 
ally in  reverse  order  to  the  strength  of  the  points  and  the  specific 
gravity  of  the  woods.  For  example,  Sitka  spruce  joints  showed 
practically  100  per  cent  average  wood  failure  (0  per  cent  of  glue-line 
failure),  mahogany  about  80  per  cent,  and  ash  and  birch  each  about 
50  per  cent. 

RECOMMENDATIONS    FOR    GLUING    SIDE-GRAIN    SURFACES    OF    VARIOUS    SPECIES 

WITH    CASEIN   GLUE 

For  gluing  side-grain  surfaces  with  casein  glue  the  various  species 
listed  in  Figure  18  are  divided  into  two  groups  according  to  the 
conditions  applicable,  as  follows: 

Species  Gluiriff  coTiMtions  recommendecD 

Group  1 


Cedar,  western  red__. 

Fir,   white 

Hemlock,  western 

Pine,  northern  white. 
Pine,  western  yellow- 

Redwood 

Spruce,  Sitka 


Glue  of  medium  consistency,  spread  1^  to  1^ 
ounces  per  square  foot,  pressure  from  100  to 
150  pounds  per  square  inch,  and  assembly 
time  0  to  20  minutes  closed,  or  0  to  8  minutes 
open. 


"  Pressures  of  100  to  400  pounds  per  square  inch  and  assembly  times  of  1  to  25  minutes 
were  used.  Since  400  pounds  pressure  would  have  crushed  some  of  the  weaker  woods,  the 
highest  pressure  used  was  the  maximum  that  the  wood  would  stand  without  injury. 

IS  For  a  more  complete  discussion  of  results  and  recommendations  for  the  gluing  of  the 
40  species  see  The  Gluing  of  Wood   {2.',). 

^^  In  the  type  of  specimen  used  in  testing  the  glued  joints  (flg.  5)  the  unit  stress  in  the 
glue  is  higher  than  in  the  wood  because  the  shearing  load  is  borne  by  a  larger  area  of 
wood  than  of  glue  line.  Furthermore,  the  stress  may  be  very  close  to  the  ultimate 
strength  of  the  wood,  and  yet  failure  may  occur  chiefly  'or  entirely  in  the  glue  line.  For 
these  reasons  a  high  percentage  of  glue  failure  (low  percentage  wood  failure)  may  occur 
in  test  and  still  the  strength  of  the  joint  be  as  high  as  that  of  the  wood  itself^ 
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Species 
Group  2 


Gluing  conditions  recommended 


Ash,  white 

Basswood 

Beech 

Birch,  yellow 

Cedar,  Alaska 

Cherry,  black 

Cottonwood 

Elm,  American 

Elm,  rock 

Douglas  lir 

Gum,  black 

Gum,  red  (heart). 
Gum,  red  (sap)__ 

Gum,  tupelo 

Hickory 

Mahogany 

Magnolia 

Maple,  soft 

Maple,  hard 

Oak,  red 

Oak,  white 

Poplar,  yellow 

Sycamore 

Walnut,  black 


Glue  of  thick  consistency,  spread  I14  to  1% 
ounces  per  square  foot,  pressure  150  to  200 
pounds  per  square  inch,  and  assembly  time 
0  to  12  minutes  closed,  or  0  to  6  minutes 
open. 


Occasional  weak  joints  in  red  gum  (heartwood),  black  cherry,  and 
hickory  are  obtained  even  when  glued  under  the  conditions  recom- 
mended. This  trouble  can  be  largely  avoided  by  treating  the  wood 
before  gluing  in  the  manner  described  on  page  38.  Sitka  spruce, 
which  is  used  extensively  in  aircraft,  is  very  satisfactorily  glued 
under  the  conditions  recommended  for  Group  2  woods  as  well  as 
those  for  Group  1,  in  v/hich  it  is  listed.  On  the  other  hand,  white 
ash,  birch,  or  hard  maple  is  less  satisfactorily  glued  under  some  of 
the  conditions  recommended  for  Group  1  woods  and  should,  there- 
fore, be  glued  under  the  more  restricted  conditions  of  Group  2. 


WITH  ANIMAL  GLUE 


The  principal  species  of  woods  glued  with  animal  glue  in  aircraft 
construction  may  be  placed  in  a  single  group  in  so  far  as  recom- 
mendations for  gluing  practices  are  concerned.  The  following 
species  include  the  woods  used  for  propellers  and  a  few  others 
requiring  similar  gluing  technic:  Ash,  yellow  birch,  black  cherry, 
red  gum,  magnolia,  mahogany,^^  soft  maple,  hard  maple,  red  oak, 
white  oak,  and  black  walnut.  Gluing  conditions  recommended  for 
these  species  of  wood  are  shown  in  Table  7. 


*»The  Klufnn  conditions  roqnired  for  mnhojfnny  nro  Ipsh  rl^ld  than  for  the  other  spooles 
listed,  but  it  giues  satlsfuctoriiy  under  the  conditions  rocommended. 
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Table  7. — Gluing  conditions  recommended'  wth  animal  <jlu<i  for  woods  used  in 

aircraft 


Glue-water  i  proportions,  by  weigiit 

Approxi- 
mate gluo 
spread 

Temper- 
ature of 
the  wood 

Pressure 

Closed 

assembly » 

time 

lto2}^ -- 

Ozs.persq. 
lli-l'A 

m-iA 

°F. 
70 
80 
85 
90 

Lbs.  per  sq. 
in. 

150-200 
150-200 
150-200 
150-200 

Minnies 
A-  1 

Do - 

3-5 

Do 

8    -15 

Do.              

10    -18 

1  A  glue  which  meets  the  requirements  of  U.  S.  Army  Specification  No.  3-140,  and  Navy  Department 
Specification  No.  52G4C. 

2  Wood  pieces  are  laid  together  as  soon  as  spread  with  glue. 

3  Weight  of  wot  glue  mixture  applied  per  square  foot  of  glue  line. 
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•' 
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•^ 
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€ 

IZ-FIR,  WHITE 
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^    2600 
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ZO-MAHOCANY                                                                    j)    „     « 
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SPECIFIC  GRAVITY 


Figure  18.— Relation  between  specific  gravity  of  wood  and  shear  strength  of  joints' 
of  various  species  glued  with  animal  and  casein  glues 


38        TECHNICAL  BULLETIN    2  05,   U.  S.  DEPT.   OF  AGRICULTURE 

Satisfactory  gluing  may  be  performed  at  other  temperatures  than 
those  indicated  in  Table  7,  provided  an  adjustment  is  made  in  the 
assembly  time  or  other  conditions.  Heating  the  wood  above  90°  F.  is 
ordinarily  not  advisable.  Where  it  is  impossible  to  apply  the  full 
amount  of  pressure  recommended,  the  assembly  time  should  be  short- 
ened or  the  temperature  somewhat  increased. 

Because  of  the  variability  of  results  with  red  gum  (heartwood)  and 
black  cherry,  these  species  should  not  be  used  where  maximum 
strength  of  joint  is  of  primary  importance  unless  treated  in  the 
manner  described  in  Table  8. 

TREATING  THE  WOOD  BEFORE  GLUING 

With  woods  that  are  naturally  difficult  to  glue  or  where  conditions 
are  not  the  most  favorable  to  the  production  of  strong  joints  it  is  pos- 
sible to  bring  about  stronger  joints  by  treating  the  wood  before 
gluing. 

With  animal  glue,  caustic  soda  proved  to  be  one  of  the  most  effiec- 
tive  of  several  treating  materials  tried  out  experimentally.  The  wood 
surfaces  to  be  joined  were  brushed  with  a  10  per  cent  solution  of  caus- 
tic soda,  wiped  after  a  few  minutes  to  remove  any  dissolved  material 
or  excess  of  the  solvent,  allowed  to  dry,  and  then  glued  under  stand- 
ard gluing  practice.  The  data  in  Table  8,  derived  from  joint  tests  of 
yellow  birch  (heartwood)  glued  with  animal  glue,  indicate  the  im- 
provement resulting  from  the  caustic-soda  treatment. 

Table  8. — Results  of  caustic  soda  treatment  on  joints  of  yellow  hirch  (heart- 
wood)  and  animal  glue^ 


Condition  of  specimen 

Shear 
strength 
of  joint 

Wood 
failure 

Specific 
gravity 
of  wood' 

Wood  untreated  (good  joint  conditions)     .                                         

Lbs.  per 
sq.  in. 
2,700 
1,910 

2,770 

Per  cent 

69 

6 

88 

0.66 

Wood  untreated  (starved  joint  conditions) 

.66 

Wood  treated  witli  10  per  cent  caustic-soda  solution  (starved  joint  condi- 
tions)... 

.62 

1  Each  test  value  shown  represents  at  least  10  specimens. 

3  Specific  gravity  based  on  oven-dry  weight  and  volume  at  7  per  cent  moisture  content. 

Other  species,  which  showed  an  improvement  in  joint  strength 
when  treated  before  gluing  with  animal  glue  were :  Black  cherry,  red 
gum  (heartwood),  red  gum  (sapwood),  hard  maple,  red  oak,  and 
white  oak. 

With  casein  glue,  hydrated  lime  (10  grams  added  to  90  grams  of 
water)  gave  slightly  better  results  than  caustic  soda  when  used  as  a 
surface  treatment  for  black  cherry,  hickory,  and  red  gum.  Hickory, 
which  is  difficult  to  glue  with  casein  glue,  ])roduced  appreciably 
better  joints  after  treatment  with  either  lime  water  or  caustic  soda. 

GLUING  END-GRAIN  SURFACES 

The  methods,  practices,  results  of  tests  on  joints,  and  recommenda- 
tions which  have  thus  far  been  presented  relate  more  specifically  to 
the  gluing  of  side-grain  surfaces  of  wood.     Such  surfaces  are  ia- 
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volved  exclusively  in  plywood  and  laminated  constructions.  (Fig. 
9,  A  to  G.)  Joints  between  side-grain  surfaces  in  most  species  can 
be  made  as  strong  in  shear  parallel  to  the  grain,  tension  across  the 
grain,  or  cleavage  as  the  wood  itself.  The  highest  stresses  developed 
m  these  joints  do  not  exceed  3,000  or  at  the  most  4,000  pounds  per 
square  inch. 

The  gluing  of  end-grain  surfaces,  on  the  other  hand,  is  not  accom- 
plished with  the  same  degree  of  success.  Straight  end-grain  butt 
joints  are  rarely  attempted  in  any  type  of  construction,  and  where 
wood  is  subjected  to  tension  stresses  parallel  to  the  grain,  joints  of 
this  type  can  not  be  depended  upon  to  develop  more  than  a  small 
part  of  the  strength  of  the  wood. 

Most  North  American  species  of  wood  are  capable  of  withstand- 
ing 6,000  to  20,000  pounds  per  square  inch  in  tension  parallel  to 
the  grain.  Tests  made  in  gluing  straight  end-grain  surfaces  have 
shown  that  such  joints  are  erratic  and  rarely  exceed  about  3,000 
or  4,000  pounds  per  square  inch  in  strength.  Their  strength  is 
limited  by  several  factors  including:  (1)  Structure  of  the  wood,  (2) 
penetration  of  the  glue,  (3)  air  bubbles  in  openings  of  the  wood, 
(4)  quality  of  glue,  (5)  consistency  of  glue,  (6)  application  of  glue, 
(7)  amount  and  duration  of  pressure,  and  (8)  shrinkage  of  glue. 

Since  factors  1,  3,  and  8  are  largely  beyond  operative  control,  any 
improvement  in  strength  must  be  brought  about  primarily  through 
the  other  factors.  High-grade  glue,  insuring  maximum  tensile 
strength  (fig.  1),  should  be  chosen.  In  general,  a  thick  consistency 
of  glue  solution  gives  better  results  than  a  thin  one,  so  that  the  pro- 
portion of  water  in  the  mixture  should  be  somewhat  less  than  for 
side-grain  gluing. 

With  even  the  most  careful  gluing  of  straight  butt  joints  not 
more  than  about  25  per  cent  of  the  tensile  strength  of  the  wood 
parallel  to  the  grain  has  been  obtained  in  tests.  It  is  evident,  there- 
fore, that  in  order  to  obtain  a  tensile  strength  of  the  various  species 
that  is  greater  than  25  per  cent  of  the  tensile  strength  of  the  wood, 
a  scarf,  serrated  (fig.  9,  H  and  I),  or  other  form  of  joint  must  be 
used  instead  of  plain  end  gluing.  Where  it  is  necessary  to  elongate 
members,  such  as  longerons  or  beams,  some  such  form  of  joint  is 
recommended.  The  plain  scarf  (fig.  9,  I)  is  perhaps  the  easiest  to 
glue  and  involves  fewer  machining  difficulties  than  the  many  angle 
forms  (fig.  9,H). 

DRYING  AND  CONDITIONING  GLUED  STOCK 

The  gluing  operation  adds  moisture  to  the  wood.  Glue  that  has 
set  in  joints  contains  only  a  part  of  the  water  added  at  the  time  of 
mixing,  the  remainder  being  absorbed  by  the  wood  or  removed  by 
evaporation.  The  absorbed  moisture  must  be  allowed  to  dry  out  or 
to  distribute  itself  through  the  wood  in  order  to  insure  the  full 
strength  of  the  joint  and  to  reduce  the  tendency  of  the  glued  member 
to  warp. 

Table  3  (p.  18)  shows  the  percentages  of  moisture  added  to  differ- 
ent constructions  in  gluing,  calculated  for  a  specified  glue  mixture 
and  spread.  No  allowances  have  been  made  for  surface  evaporation, 
but  the  computed  percentages  are  checked  closely  by  actual  deter- 
minations. 


40        TECHNICAL  BULLETIN   2  05,  U.  S.  DEPT.   OF  AGRICULTURE 

In  propellers  (fig.  9,  F)  and  similar  constructions,  glued  from 
thick  laminations,  the  moisture  from  the  glue  need  not  be  eliminated 
but  may  simply  be  allowed  to  distribute  itself  throughout  the  con- 
struction. Even  complete  equalization  would  require  a  very  long 
time.  For  birch  and  white  oak  in  laminations  about  three-fourths 
of  an  inch  thick  and  under  average  room  temperatures,  a  condition- 
ing period  of  7  to  10  days  is  sufficient.  For  quicker-drying  woods, 
such  as  spruce,  which  permit  a  more  rapid  distribution,  a  2-day 
period  should  suffice  under  most  conditions.  However,  where  con- 
structions are  glued  from  laminations  one-fourth  of  an  inch  or  less 
in  thickness  they  will  normally  contain  too  much  moisture  and 
should  be  dried  for  one  to  three  weeks  or  longer  depending  upon 
their  thickness  and  width.  A  spruce  bow  end,  for  example  (fig. 
9,  E),  will  usually  dry  sufficiently  at  room  conditions  during  7  to 
10  days,  but  a  thick  laminated  spar  flange  would  require  two  or 
three  times  as  long. 

In  plywood  it  is  advisable  to  dry  out  by  artificial  methods  a  part, 
at  least,  of  the  moisture  added  in  gluing,  until  the  construction  has 
reached  the  average  service  moisture  content.  Drying  plywood  to 
an  excessively  low  moisture  content  materially  increases  w^arping, 
opening  of  joints,  and  other  defects.  It  is  therefore  recommended 
that  for  the  general  requirements  of  aircraft,  plywood  be  dried  to 
an  average  moisture  content  of  10  to  12  per  cent.  This  is  somewhat 
lower  than  the  average  found  in  service  (Table  2)  but  is  higher  than 
the  moisture  content  in  most  fabricating  shops  in  winter. 

Tests  have  shown  that  it  is  possible  to  dry  panels  three-sixteenths 
of  an  inch  or  less  in  thickness  very  easily  in  8  to  16  hours  under  rela- 
tively mild  conditions.  Satisfactory  results  may  be  obtained  with  a 
rather  wide  range  of  drying  temperatures,  such  as  70°  to  140°  F., 
if  proper  relative  humidities  are  used. 

Table  9  shows  several  combinations  of  temperatures  and  relative 
humidities,  which  will  produce  a  moisture  content  of  8  to  12  per 
cent  in  plywood  panels  within  a  reasonable  drying  period.  If  ex- 
posed for  an  indefinite  period  to  the  conditions  outlined  in  Table 
9,  however,  the  plywood  will  come  to  a  moisture  content  somewhat 
lower  than  those  indicated.     (Fig.  3.) 

Table  9. — Combmatioits  of  temperatures  and  relative  humiditieg  suitable  for 
produomff  a  moisture  content  of  8, 10,  or  12  per  cent  in  plywood  panels 


Moisture  content  desired,  per 
cent 

Relative  liumidities  for  use  with  different  temperatures 

70"  F. 

80«F. 

90»F. 

lOCF. 

110*  F. 

120'F. 

140°  F. 

8. 

Per  cent 
30 
43 
66 

Per  cent 
31 
44 

66 

Per  cent 
32 
46 
67 

Per  cent 
33 
46 
68 

Per  cent 
36 
48 
60 

Percent 
37 
60 
61 

Percent 
41 

10 

63 

12. 

69 

RECOMMENDED  PRACTICE  FOR  THE  PRINCIPAL  AIRCRAFT 
GLUING  OPERATIONS 

The  following  pages  give  a  summary  of  information  and  specific 
recommendations  on  important  details  in  the  principal  operations  in 
the  gluing  of:  (1)  l^ropellers;  (2)  plywood;   (3)  laminated  spars, 
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spar  flanges,  bow  ends,  pontoon  ribs,  and  reinforcing  blocks;  (4) 
scarf -type  joints;  (5)  wing  ribs;  (6)  box  beams;  and  (7)  general 
assembly. 

Necessary  prerequisites  in  all  gluing  operations  are  properly  dried 
and  machined  stock,  and  equipment  that  spreads  the  glue  and  applies 
pressure  uniformly  over  the  joint.  These  requirements  must  be  met 
or  weak  joints  will  result  despite  the  most  careful  control  of  other 
conditions. 

PROPELLERS 

Propellers  (pi.  3,  B)  are  usually  made  in  special  propeller  plants. 
Their  gluing  and  shaping  requires  equipment  not  usually  available 
in  aircraft  factories. 

Most  propellers  are  glued  with  animal  glue.  Casein  glues  are 
used  only  to  a  small  extent,  since  their  water  resistance  for  this 
purpose  is  of  little  value.  Birch,  white  oak,  black  walnut,  and 
mahogany  are  the  principal  species  of  wood  used. 

A  propeller-gluing  operation  requires  several  minutes  for  com- 
pletion which,  combined  with  the  difficulty  of  gluing  the  species 
used,  necessitates  careful  control  of  the  gluing  conditions.  Since 
animal  glue  is  largely  used  in  propellers,  most  of  the  following 
details  are  applicable  to  animal  glue : 

GLUING   BOOM 

The  gluing  room  should  preferably  be  separated  from  the  rest  of 
the  factory.  A  room  temperature  of  70°  to  75°  F.  is  recommended, 
but  gluing  may  be  successfully  done  at  room  temperatures  of  85°  to 
90°.  However,  such  high  temperatures  are  uncomfortable  for  the 
workmen  and  are  unnecessary. 

GLUE 

Glues  conforming  to  the  requirements  given  in  United  States 
Army  and  Navy  Specifications  Nos.  3-140  and  52G4C,  respectively, 
are  recommended. 

GLUE-WATER   PROPORTION 

One  part  dry  glue  to  2^  parts  water  (by  weight)  should  be  used 
for  a  glue  that  meets  the  minimum  requirements  of  the  foregoing 
specifications.     (See  preceding  paragraph  and  p.  16.) 

MOISTURE    CONTENT    OF    WOOD 

A  moisture  content  of  the  wood  at  the  time  of  gluing  of  approxi- 
mately 8  per  cent  (p.  19)  is  recommended. 

TEMPERATURE    OF    THE    WOOD 

Wood  that  is  at  approximately  room  temperature  should  be 
warmed  at  85°  to  90°  F.  for  about  one  hour  before  applying  the 
glue.  Higher  temperatures  and  shorter  heating  periods  can  also  be 
used,  but  higher  temperatures  are  more  apt  to  lead  to  trouble. 

GLUE    SPREAD 

One  and  one-fourth  ounces  of  glue  mixture  should  be  spread  uni- 
formly per  square  foot  of  glue  line.     (If  both  sides  of  the  joint  are 
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spread,  25  per  cent  more  glue  should  be  used.)  A  more  uniform 
spread  of  glue  is  obtained  by  the  use  of  mechanical  spreaders  than 
by  hand  spreading.  The  glue-coated  wood  should  be  laid  together 
as  soon  as  spread  (closed  assembly).     (P.  24.) 

ASSEMBLY  TIME 

A  closed  assembly  time  of  8  to  15  minutes  or  10  to  18  minutes 
with  wood  warmed  at  85°  or  90°  F.,  respectively,  is  recommended. 
Pressure  should  be  applied  not  sooner  than  15  or  18  minutes  after  the 
first  lamination  is  coated  with  glue,  but  not  later  than  8  or  10  minutes 
after  the  last  lamination  is  spread.     (Table  5,) 

PRESSURE 

A  pressure  of  150  to  200  pounds  per  square  inch  of  single-joint 
area  should  be  applied  for  a  minimum  time  of  5  hours.  Pressure- 
distributing  blocks,  cut  from  trimmings  from  the  laminations  being 
glued,  and  cauls  should  be  used  to  equalize  the  load  over  the  joint 
areas.     (Pp.  27  to  29.) 

CONDITIONING 

The  glued  blocks  should  be  conditioned  at  room  temperatures  for 
at  least  two  days  before  rough  carving  and  five  additional  days 
before  finish  carving  (p.  39). 

PLYWOOD 

Aircraft  plywood  is  usually  manufactured  in  plywood  plants 
where  large  glue  spreaders  and  power  presses  (pi.  13,  A  and  B), 
not  usually  found  in  aircraft  factories,  are  available. 

Either  blood-albumin  or  casein  glues  are  successfully  used  in  the 
manufacture  of  aircraft  plywood.  While  a  number  of  species  of 
wood  are  permitted  in  aircraft-plywood  specifications  ^^  the  list  of 
woods  actually  used  in  the  past  has  consisted  almost  entirely  of 
basswood,  birch,  mahogany,  Sitka  spruce,  and  yellow  poplar. 

Methods  and  practices  that  produce  high-grade,  water-resistant 
plywood  have  been  developed  ('^,  ^0).  The  hot-press  method  is 
used  with  blood-albumin  glues  and  either  the  hot-press  or  the  cold- 
press  method  with  casein  glues  (p.  34).  The  following  is  a  sum- 
mary of  recommended  conditions  for  gluing  aircraft  plywood : 

GLUING   ROOM 

Ordinary  room  temperatures  and  shop  conditions  are  satisfactory. 

GLUE 

Highly  water-resistant  types  of  blood-albumin  or  casein  glues 
(p.  2)  are  recommended. 

21  The  species  permitted  in  plywood  in  the  IT.  S.  Army  and  Navy  specifications  are  piven 
In  U.  S.  Army,  IMywood,  Aircraft,  Specif.  No.  82-e-A,  7  p.,  lllus.,  1928,  and  in  U.  S.  Navy, 
Plywood  (Aircraft  Use),  Dept.  Specif.  No.  39P13,  6  p.,  lllus,  1020. 
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GLUE-WATEB    PROPORTION 


A  glue  mixture  of  comparatively  thick  consistency  (1  part  by 
weight  of  dry  glue  to  1.8  to  2  parts  of  water)  is  recommended  for 
most  prepared  casein  glues.  Spruce  glues  well  with  a  somewhat 
thinner  mixture  than  required  for  hardwoods  (p.  35). 

QUALITY    OF    VENEER 

Smooth,  tightly  cut  veneer  that  is  free  from  bad  cross  grain  and 
rot  (p.  20)  is  recommended. 

TEMPERATURE  OF   WOOD 

Wood  that  is  of  ordinary  room  temperature  is  satisfactory. 

GLUE  SPREAD 

One  and  one-fourth  ounces  of  glue  mixture  per  square  foot  of  joint 
area  should  be  applied  evenly  with  machine  spreaders,  single  spread 
(p.  23). 

ASSEMBLY    TIME 

For  blood-albumin  glue  an  assembly  time  of  5  to  20  minutes  (closed 
assembly)  is  recommended.  For  casein  glue  an  assembly  time  of  3 
to  15  minutes  (closed  assembly)  is  recommended.  On  spruce  wood 
the  assembly  time  may  safely  be  extended  to  18  or  20  minutes  (p.  35). 

PRESSURE 

A  pressure  of  150  (for  spruce  and  basswood)  to  200  (for  birch) 
pounds  per  square  inch  of  panel  area  should  be  applied  in  the  cold- 
press  process  for  a  minimum  time  of  5  hours.  For  the  hot  process, 
the  pressing  time  depends  upon  thickness  and  number  of  panels 
pressed  (p.  34). 

DRYING 

The  glued  panels  should  be  dried  to  a  moisture  content  of  about  12 
per  cent  (p.  39). 

LAMINATED    SPARS,    SPAR   FLANGES,   BOW   ENDS,   PONTOON   RIBS,   AND 
REINFORCING  BLOCKS 

In  laminating  spars,  spar  flanges,  bow  ends,  pontoon  ribs,  and  rein- 
forcing blocks  several  minutes  may  be  required  from  the  time  the 
first  glue  is  spread  on  the  wood  until  pressure  is  applied.  Further- 
more, the  large  glue  line  areas  of  most  of  these  members  require  large 
presses  (pi.  12,  A)  or  the  use  of  many  hand  clamps  (pi.  12,  B)  in 
order  to  obtain  adequate  pressure. 

The  gluing  operations  are  somewhat  simplified,  however,  in  that 
spruce  is  the  principal  and  often  the  only  wood  used,  and  the  gluing 
is  done  with  casein  glues. 

The  following  conditions  are  recommended  for  gluing  Sitka  spruce 
into  laminated  members ; 
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GLUING  ROOM 

Ordinary  room  temperatures  and  shop  conditions  are  satisfactory. 

GLUE 

Glue  conforming  to  United  States  Army  and  Navy  Specifications 
Nos.  98-14020-D  and  52G8,  respectively,  is  recommended. 

GLUE- WATER  PROPORTIONS 

A  glue  mixture  of  medium  consistency  (by  weight  1  part  of  dry 
glue  to  2  parts  of  water)  is  recommended  for  most  prepared  glues 
(p.  15). 

MOISTURE    CONTENT   OF    WOOD 

A  moisture  content  of  the  wood  at  the  time  of  gluing  of  7  to  12 
per  cent,  depending  upon  thickness  of  individual  laminations  and 
other  factors  (p.  17  and  Table  3),  is  recommended. 

TEMPERATURE   OF    WOOD 

Wood  that  is  at  ordinary  room  temperature  is  satisfactory. 

GLUE    SPREAD 

One  and  one-fourth  ounces  of  glue  mixture  should  be  spread  uni- 
formly per  square  foot  of  joint  area.  (If  both  sides  of  joint  are 
spread,  25  per  cent  more  glue  should  be  used.)  Machine  spreading 
is  preferred.  The  glue-coated  pieces  should  be  laid  together  as  soon 
as  spread  (p.  24). 

ASSEMBLY   TIME 

Pressure  should  be  applied  within  20  minutes  after  glue  is  first 
spread  on  the  wood.  Where  it  is  impractical  to  lay  the  pieces  to- 
gether as  soon  as  coated  with  glue,  the  maximum  assembly  time 
should  not  exceed  8  minutes.     (Table  5.) 

PRESSURE 

A  pressure  of  100  to  150  pounds  per  square  inch  of  single  joint 
area  should  be  applied  for  a  minimum  time  of  4  hours  (pp.  30  to  32). 

CONDITIONING 

The  glued  members  should  be  conditioned  for  at  least  two  days  at 
room  temperature  before  machining.  Where  individual  laminations 
are  one-fourth  of  an  inch  or  less  in  thickness  the  conditioning  period 
should  be  one  to  three  weeks,  depending  upon  thickness  and  width 
of  laminated  member  (p.  39). 

In  laminating  hardwoods  with  casein  glue,  a  glue  mixture  of 
thicker  consistency  (about  10  ])er  cent  less  water  than  for  spruce) 
should  be  used  with  an  assembly  time  of  12  or  G  minutes  for  closed 
and  open  assemblies,  respectively,  and  with  a  pressure  of  150  to  200 
pounds  per  square  inch  applied  for  at  least  5  hours  (p.  35). 
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SCARF-TYPE  JOINTS 

Scarf  and  finger,  or  serrate,  joints  (fig.  9,  H  and  I)  are  fre- 
quently made  in  building  long  pieces,  such  as  in  laminations  for 
beams  and  propellers.  The  gluing  surfaces  are  partly  end-grain 
wood. 

The  following  procedure  is  recommended  for  gluing  scarf  and 
other  end-grain  surfaces  in  aircraft : 

The  end-grain  surfaces  should  be  sized  with  a  glue  mixture  some- 
what thinner  than  that  used  for  regular  gluing.  A  sizing  mixture 
of  1  part  glue  to  3  parts  water  is  recommended  for  animal  and 
prepared  casein  glues  that  meet  aircraft  requirements.  The  sizing 
coat  should  be  allowed  to  dry  on  the  wood  surfaces.  The  mixture 
for  the  final  gluing  should  be  thicker  than  for  side-grain  gluing — 
about  1  part  by  weight  of  glue  to  1.8  and  2  parts  water  for  casein 
and  animal  glues,  respectively.  Both  surfaces  of  the  joint  should 
be  coated  with  glue  and  approximately  200  pounds  pressure  per 
square  inch  applied.  For  animal  glue  care  should  be  used  that  other 
conditions  are  maintained  that  will  cause  the  glue  to  come  to  the 
proper  consistency  for  pressing  (p.  24). 

With  the  above-recommended  procedure,  the  slopes  shown  in 
Table  10  for  plain  scarf  joints  are  considered  necessary  to  produce 
joints  as  strong  as  the  wood. 

Table  10. — Slopes  of  scarf  Joints  recommended  for  several  species  of  looods 


Species 

Slope 

Species 

Slope 

Red  gum 

lin8. 

Do. 
1  in  10  (estimated)  .^ 
1  in  10. 
Iinl2 

Red  oak 

1  in  15. 

Yellow  poplar .. 

White  oak 

lin  15. 

Sitka  spruce 

Black  walnut 

Do. 

Honduran  mahogany 

White  ash 

1  in  15  (estimated).' 

Yellow  birch 

1  In  tests,  made  on  plain  scarf  wing-beam  sections,  it  was  found  (8)  that  a  slope  of  1  in  10  was  sufficient 
for  Sitka  spruce  to  develop-practically  91  per  cent  of  the  full  strength  of  the  section  in  cross  bending.  The 
plain  scarf  was  considered  the  best  of  4  different  kinds  of  scarfs  tested,  and  it  was  concluded  that  tooth- 
planing  did  not  increase  the  efficiency  of  the  splice. 

2  There  are  no  test  data  showing  the  maximum  slope  of  scarf  for  white  ash  that  will  give  the  full  strength 
of  the  wood.  A  comparison  of  white  ash  with  other  species  tested  as  to  strength  and  gluing  properties 
ndicates  that  the  slope  should  not  be  greater  than  1  in  15. 

In  finger  or  serrate  joints  the  same  slopes  may  be  used  as  in  the 
plain  scarf  joint  provided  the  parts  of  the  joint  fit  accurately. 
The  sharply  angular  forms  of  the  finger  or  serrate  joints,  however, 
are  more  difficult  to  machine  to  obtain  a  perfect  fit  of  the  parts  and 
are  ordinarily  more  difficult  to  glue. 

Glued  scarf  joints  for  aircraft  have  frequently  been  wrapped 
with  tape  or  reinforced  with  rivets  with  the  intent  of  increasing 
the  factor  of  safety.  The  wrappings,  however,  are  probably  more 
harmful  than  beneficial.  They  are  known  to  be  relatively  inefficient, 
and  in  ail  probability  they  reduce  rather  than  increase  the  durability 
of  the  joint  by  favoring  a  high  moisture  content.  On  the  other  hand 
mechanical  fasteners  do  not  reduce  the  strength  and  durability  of 
the  glue  and,  if  properly  designed  and  applied,  will  preserve  some 
strength  in  the  joint  in  case  the  glue  temporarily  softens  or  perma- 
nently deteriorates  in  service. 

119542°— 30 4 
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WING  RIBS 


Wing  ribs  are  glued  with  casein  glue.  The  principal  species  of 
wood  used  are  Sitka  spruce,  mahogany,  yellow  poplar,  and  basswood. 
The  gluing  of  the  ribs  involves  the  making  of  many  joints  of  small 
size  and  is  almost  entirely  a  hand  operation.  The  ribs  are  assembled 
in  jigs  or  forms,  the  contact  surfaces  of  the  pieces  are  coated  with 
glue,  and  brads  are  commonly  inserted  at  the  joints.  This  procedure 
is  tedious,  time  consuming,  and  the  gluing  conditions  are  usually  not 
the  best  (22), 

In  rib-gluing  operations  now  commonly  used,  three  conditions  are 
apt  to  be  unfavorable  to  the  production  of  strong  joints:  (1)  Ir- 
regular glue  spreads;  (2)  too  long  an  assembly  time  on  some  joints; 
and  (3)  inadequate  pressure.  The  use  of  mechanical  glue  spreaders 
is  recommended  for  obtaining  more  uniform  glue  spreads  over  the 
joints.  Pressing  the  joints  with  clamps  or  other  devices,  either  with 
or  without  the  insertion  of  brads  (pi.  14),  is  recommended  for  insur- 
ing more  complete  contact  and  stronger  glue  joints.  Small  rollers, 
revolving  in  a  bath  of  glue,  are  sometimes  used  for  spreading  the 
glue  on  cap  strips.  (Fig.  19,  A  and  B.)  Similar  equipment  may 
Be  useful  for  coating  stiffeners,  diagonals,  and  other  parts  at  the 
contact  points.  Pressure  forms  are  also  used  successfully  for  gluing 
cap  strips  to  the  webs  and  gluing  diagonals  and  stiffeners  in  place. 
These  methods  will  doubtless  increase  as  models  and  types  of  aircraft 
become  more  standardized  and  as  the  size  of  manufacturing  opera- 
tions increase.  The  use  of  such  mechanical  appliances  for  spread- 
ing and  pressing  tends  to  reduce  the  assembly  time  and  will  result  in 
more  economical  production  by  gluing  the  ribs  in  multiples. 

Most  wood  surfaces  that  are  glued  in  rib  construction  are  side  grain, 
therefore  the  gluing  conditions  recommended  for  gluing  Sitka  spruce 
with  casein  glue  into  laminated  construction  (p.  43)  are  recommended 
for  the  gluing  of  wing  ribs.  However,  in  gluing  the  cap  strips  to 
the  webs  or  ribs  there  may  be  involved  the  gluing  of  a  certain  amount 
of  end-grain  wood.  The  use  of  plywood  in  the  web  results  in  the 
end  grains  being  exposed  on  approximately  one-half  the  area  of  the 
edges.  This  condition  necessitates  bringing  a  larger  area  of  the  cap 
strip  into  contact  with  the  plywood  web,  which  can  be  done  b^  set- 
ting the  web  into  a  groove  in  the  cap  strip  (fig.  19,  A),  or  h^  dividing 
the  cap  strip  and  gluing  a  piece  to  each  side  of  the  web  (hg.  19,  B). 
Because  of  the  difficulty  involved  in  bringing  about  perfect  contact 
in  the  groove  type  of  joint,  the  divided  cap-strip  type  is  easier  to  glue 
to  obtain  a  perfect  joint. 

BOX  BEAMS 

The  construction  of  box  beams  consists  of  gluing  diagonals,  or 
spacers,  and  reinforcing,  or  fitting  blocks,  between  the  flanges  and 
of  gluing  plywood  sheets  to  the  sides.  (Pis.  11  and  12,  B  and  C.) 
Spruce  is  the  prevailing  wood  for  all  parts,  except  the  plywood, 
which  commonly  has  either  spruce  or  mahogany  face  plies. 

Where  reinforcing  blocks,  such  as  in  Figure  19,  C,  ff,  and  Plate 
12,  B,  are  glued  into  box  beams  at  fitting  points,  the  grain  of  the 
blocks  is  approximately  j^arallel  to  the  grain  of  the  flanges  or  it  may 
be  at  an  angle  of  as  much  as  30°.    Where  the  grain  of  the  blocks  is 
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at  an  angle  of  as  much  as  30°  or  more  the  procedure  recommended  for 
gluing  end-grain  joints  (p.  38)  should  be  followed.  Likewise, 
diaphragms  used  to  stiffen  a  beam  or  hollow  member,  as  shown  in 
Figure  19,  C,  J,  and  E,  a^  and  in  Plate  11  involve  the  gluing  of  end- 


Emlaraed  section 
tvina   Hh 


Figure  19.^ — Special  joints  made  in  aircraft :  A,  Section  of  wing  ribs ;  B,  wing 

rib-beam   assembly ;   C,   details  of  box-beam  construction ;   D,   cross   section   of 

laminated    I    beams ;    E,    built-up  laminated    construction     (airship)  ;    and    F, 
wrapped  veneer  member 

grain  to  side-grain  wood  wholly  or  in  part,  and  the  gluing  directions 
for  end-grain  surfaces  should  be  followed. 

In  gluing  reinforcing  blocks  or  spacers  into  box  beams,  clamps  or 
other  pressure  devices  are  ordinarily  used.  (PI.  12,  B.)  The  clamps 
should  be  of  such  size  and  so  spaced  as  to  apply  the  proper  amount  of 
pressure  per  square  inch  of  glue  line  area. 
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In  gluing  the  plywood  sides  to  the  framework  of  box  beams,  both 
surfaces  are  side  grain.  (Fig.  19,  B  and  C  and  pi.  12,  C.)  Never-* 
theless  the  joints  are  subjected  to  relatively  severe  internal  stresses 
due  to  a  difference  in  shrinkage  with  any  moisture  change  of  the 
cross-banded  faces  and  the  solid  wood  flanges.  Allowable  working 
stresses  for  such  joints  should  be  based  on  plywood  rather  than 
laminated  wood  values.  Maximum  strength  of  such  joints  is  im- 
portant, and  the  recommendations  for  gluing  laminated  members 
should.be  carefully  followed  (p.  43).  In  current  practice  pressure 
is  often  applied  by  the  insertion  of  brads  and  in  some  instances  by 
means  of  presses  and  clamps.  Whether  brads  are  used  or  not,  it  is 
desirable  that  pressure  be  applied  in  a  press  or  by  means  of  suitable 
hand  clamps.  Because  of  the  size  of  the  joint  areas,  however,  it  is 
recommended  that  jackscrews  (fig.  13,  F)  or  power  presses  be  used, 
where  practicable.  If  brads  are  used,  the  pressure  may  be  applied 
either  before  or  after  their  insertion.  If  applied  afterwards  the  time 
elapsing  between  spreading  the  glue  and  pressing  should  not  exceed 
20  minutes.  If  pressed  first,  it  is  best  to  allow  the  glue  to  set  for  at 
least  5  or  6  hours  before  inserting  the  brads,  but  the  joint  need  not 
be  under  pressure  all  that  time.  It  is  recommended  that  the  pressure 
be  applied  for  at  least  one-half  hour. 

GENERAL  ASSEMBLY 

In  wing  assembly  the  ribs  are  fastened  to  the  beams  (pi.  15)  and 
other  parts  and  in  some  cases  all  or  a  part  of  the  wing  structure  is 
covered  with  plywood.  In  most  of  the  joints,  side-grain  faces  are 
in  contact,  and  recommendations  for  gluing  laminated  constructions 
should  be  followed  (p.  43).  The  grain  of  adjacent  pieces  is  fre- 
quently at  right  angles,  however,  and  severe  internal  stresses  occur 
on  such  joints  with  changes  in  moisture  content  of  the  wood,  hence 
the  necessity  for  careful  gluing. 

In  gluing  the  cap  strips  of  the  ribs  to  the  beams,  precautions  must 
be  used  to  insure  an  adequate  amount  of  glue  uniformly  applied  to 
the  joint  area.  Pressure  should  also  be  applied  to  these  joints  by 
means  of  clamps.  This  should  be  done  even  though  brads  or  screws 
are  used. 

In  the  gluing  of  shear  blocks  to  the  beam  and  wing  rib  (shown  in 
fig.  19,  B,  a)^  the  grain  of  the  blocks  is  across  or  diagonal  to  the 
face  grain  of  both  the  rib  and  the  beam,  bringing  into  contact  side- 
grain  faces  in  a  similar  way  as  in  plywood.  The  pieces  are  usually 
glued  and  nailed  with  brads,  but  the  only  pressure  that  is  applied  to 
the  joints  in  gluing  results  from  the  insertion  of  the  brads.  This 
procedure  is  not  likely  to  bring  about  complete  contact  with  casein 
glue,  owing  to  insufficient  and  nonuniform  pressure,  and  the  strength 
of  the  joints  might  therefore  be  expected  to  be  erratic.  A  more 
reliable  method  is  to  apply  pressure  with  small  clamps  and  allow  the 
glue  to  set.  This  may  be  done  either  immediately  before  or  after 
the  insertion  of  brads.  Where  regular  clamping  is  not  feasible  a 
momentary  application  of  the  proper  amount  of  pressure  after  insert- 
ing the  brads  will  be  better  than  no  clamping  at  all. 

Keinforcing  blocks  of  hardwoods,  such  as  ash,  birch,  maple,  or 
oak,  or  of  plywood  are  frequently  glued  to  solid  or  laminated  spruce 
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Wings  Glued  Under  pressure 

A,  All  wood  wing  structure  assembled  without  the  customary  brads.  Pressure  was  applied  with 
clamps  or  similar  devices  to  all  joints;  B,  wing  rib  glued  in  a  jig  under  pressure.  Pressure  was 
applied  to  more  than  50  joints  and  brads  were  used  only  to  hold  the  pieces  in  place  until  pressed; 
C,  the  laminated  cap  strips  of  this  wing  rib  were  glued  under  pressure.  The  hundred  odd  joints 
between  gussets  and  other  parts  of  the  rib  were  glued  under  pressure  applied  by  inserting  brads 
although  such  joints  afford  an  opportunity  for  applying  the  pressure  by  power  or  clamp  devices. 
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WING    ASSEMBLY 


A,  Oluinp  the  ribs  to  solid  si)ruce  spars  of  a  biplane  wing.  Pressure  is  applied  only  by  means  of 
brads;  H,  starting  to  assemble  a  monoplane  wing.  Joints  which  hold  the  ribs  and  beams  together 
are  highly  stressed  and  must  be  carefully  glued. 
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beams  at  the  fitting  points.  These  joints  should  be  glued  under 
conditions  recommended  for  gluing  hardwoods  wi^^  casein  glue  in 
laminated  construction  (p.  43),  and  pressure  shou  be  applied  by 
means  of  clamps  or  presses. 

In  gluing  plywood  to  the  leading  edge,  to  ailerons,  or  as  a  cover- 
ing on  wings  or  flying-boat  hulls  (pis.  2,  A  and  3,  A)  it  is  usually 
not  practicable  to  apply  pressure  with  present  clamping  devices.^^ 
Inasmuch  as  brads  must  be  relied  upon  to  apply  pressure  to  the 
joints  the  glue  should  be  of  an  easily  flowing  consistency  and  the 
assembly  time  should  be  as  short  as  possible. 

In  Figure  19,  D  and  E  are  shown  two  special  types  of  shaped 
joints,  involving  the  use  of  grooved  construction  to  provide  extra 
gluing  area.  For  a  general  discussion  of  plane,  tongue-and-groove, 
or  other  shaped  joints,  see  page  20.  When  gluing  refractory  woods 
under  conditions  not  favorable  to  the  production  of  strong  joints, 
the  additional  gluing  surface  provided  by  shaped  joints  may  prove 
to  be  of  some  value,  but  with  such  woods  as  Sitka  spruce  and  with 
good  gluing  conditions  the  additional  gluing  area  is  unnecessary,  and 
the  plain  flat  joints  are  as  strong  as  the  woods  themselves. 

PRINCIPLES   OF   CROSS-BANDED  AND   LAMINATED   WOOD 
CONSTRUCTION 

The  making  of  satisfactory  glued  joints  of  any  type  depends  not 
only  on  good  gluing  but  also  on  proper  design.  The  principles  or 
rules  that  govern  all  glued-wood  construction  are  based  largely  on 
the  avoidance  of  internal  stresses  or  the  balancing  of  these  stresses 
when  necessarily  present. 

CROSS-BANDED  CONSTRUCTION 

Changes  in  the  moisture  content  of  wood  induce  or  relieve  internal 
stresses.  In  cross-banded  constructions  (fig.  9)  these  stresses  are 
chiefly  the  result  of  the  arrangement  of  the  plies  at  different  angles. 
Adjacent  plies  tend  to  shrink  or  swell  across  the  grain  under  moisture 
changes;  and  since  each  ply,  by  reason  of  its  small  longitudinal 
shrinking  or  swelling,  restrains  the  adjoining  ply  or  plies,  large 
internal  stresses  are  set  up  in  each  laj^er.  If  the  plywood  is  drying, 
all  plies  tend  to  shrink  in  the  direction  across  the  grain.  Thus  all 
plies  are  put  in  tension  perpendicular  to  the  grain  and  in  compression 
parallel  to  the  grain.  There  is,  in  fact,  a  shearing  force  at  work  on 
the  glue  joints.  In  plywood  that  is  thus  stressed  from  drying, 
moistening  the  plies  tends  first  to  relieve  the  stresses  and,  if  con- 
tinued far  enough,  to  introduce  the  exactly  opposite  forces.  Moisten- 
ing and  drying,  therefore,  alternate  in  their  action,  each  at  first  cor- 
recting and  finally  reversing  the  effects  of  the  other. 

22  A  unique  veneer  gluing  operation  is  employed  in  a  Pacific  coast  aircraft  factory  in 
the  construction  of  monoplanes.  The  fuselage,  which  is  a  monocoque  type,  is  shaped  and 
glued  in  a  concrete  form  using  compressed  air  to  apply  pressure.  Single-ply  veneer  is 
first  placed  in  the  form,  a  coat  of  casein  glue  applied,  and  a  second  ply  is  then  forced 
into  position  in  the  form  by  a  bag  of  compressed  air.  The  grains  of  the  two  plies  are 
laid  at  right  angles.  This  construction  is  reported  to  give  great  strength  and  positive 
alignment,  with  extremely  light  weight  (IS).  A  similar  type  of  construction  has  been 
used  in  pontoons  and  flying-boat  hulls  ;  the  veneer,  which  is  glued  with  marine  glue  and 
fastened  to  the  framework  with  brads  or  small  nails,  is  applied  as  a  covering. 
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BALANCED  CONSTRUCTION 

The  stresses  in  cross-banded  construction  must  be  approximately- 
balanced  in  the  panel  itself,  or  there  will  be  a  strong  tendency  toward 
distortion  and  warping.  The  necessary  balance  of  forces  is  provided 
by  using  an  odd  number  of  plies  and  so  arranging  them  that  for 
any  given  ply  there  is  a  similar,  opposite,  and  parallel  ply  equally 
distant  from  the  core  or  central  ply.  As  already  explained,  if  two 
plies  are  glued  together  with  the  grain  at  a  right  angle,  each  ply 
tends  to  distort  the  other  when  any  moisture  change  occurs,  and  cup- 
ping is  the  result.  By  using  a  third  ply  with  the  grain  parallel  to 
that  of  the  other  outside,  or  face  ply,  a  balanced  effect  is  produced. 
The  corresponding  plies  should  not  only  be  parallel  to  each  other 
and  perpendicular  to  adjacent  plies,  but  they  should  be  of  similar 
properties  (7). 

Obtaining  symmetrically  placed  similar  plies  involves  a  considera- 
tion of:  (1)  Ply  thickness,  (2)  kind  of  wood  with  particular  refer- 
ence to  (a)  shrinkage  and  (h)  density,  (3)  moisture  content  of  wood 
at  time  of  gluing,  and  (4)  angle  or  relative  direction  of  grain  of 
plies. 

It  is  possible  to  get  a  balanced  construction  without  having  a 
strictly  parallel-and-perpendicular  arrangement  of  plies.  The  wing- 
beam  section  shown  in  Figure  19,  C,  illustrates  a  variation  from  the 
90°  arrangement  of  plies  in  which  an  approximate  balance  of  in- 
ternal stresses  is  still  maintained  in  the  member  as  a  whole.  The 
plies  should  be  symmetrically  arranged  about  the  core  and  for  each 
pair  of  opposite  plies  at  any  angle  other  than  0°  or  90°  with  the 
core  there  must  be  a  corresponding  pair  of  plies  with  the  grain  at  a 
right  angle  to  that  of  the  first  pair.  This  principle  applies  only 
to  five  or  a  larger  odd  number  of  plies.  In  some  aircraft  parts,  how- 
ever, freedom  from  warping  tendencies  is  of  less  importance  than 
other  mechanical  characteristics,  and  more  or  less  complete  depar- 
tures from  the  principle  of  balanced  construction  become  necessary. 

The  amount  of  internal  stress  on  the  glue  joints  of  cross-banded 
construction  is  determined  chiefly  by  the  thickness  of  the  plies  and 
the  density  and  shrinkage  of  the  woods  involved.  Thick  layers  and 
woods  of  high  density  and  high  shrinkage  properties  develop  the 
largest  stresses.  Table  11  contains  shrinkage  and  density  values  for 
a  number  of  woods  which  are  now  glued  for  aircraft  together  with 
several  woods  whose  properties  or  abundance  indicate  that  they  may 
eventually  be  used.  In  plywood  the  face  plies,  being  restrained  on' 
only  one  side,  exert  a  relatively  large  stress  on  the  outer  glue  joints. 
For  this  reason  face  plies  should,  in  general,  be  thinner  than  the  in- 
terior plies.  One-eighth  inch  is  about  the  maximum  thickness  of 
face  plies  that  can  be  held  securely  in  place  under  severe  moisture 
changes,  and  where  considerable  strength  of  joint  is  required  thin- 
ner plies  must  be  used. 
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Table  11. — Shrinkage  and  density  of  woods  fflued  for  aircraft  ^ 


Species 


Mahogany  (Swietenia  spe- 
cies)  

Northern  white  pine 

Western  yellow  pine 

Yellow  poplar 

Black  cherry 

Black  walnut 

Sitka  spruce 

Tupelo  gum 

Sycamore 

Douglas  fir  (west  coast) 

Red  maple 


Shrinkage » 

Den- 

Tan- 
gential 

Radial 

sity  3 

Per  cent 

Per  cent 

4.7 

3.4 

0.46 

6.0 

2.3 

.39 

6.3 

3.9 

.41 

7.1 

4.0 

.41 

7.1 

3.7 

.51 

7.1 

5.2 

.57 

7.5 

4.3 

.38 

7.6 

4.2 

.52 

7.6 

6.1 

.50 

7.8 

5.0 

.51 

8.2 

4.0 

.54 

Red  oak _ 

White  ash  (second  growth) 

Yellow  birch 

White  oak__ 

Cottonwood,  eastern 

Sugar  maple 

Basswood 

American  elm 

Red  gum 

Beech 


Shrinkage  ■ 


Tan- 
gential 


Radial 


Per  cent  Per 
8.2 
8.7 
9.2 
9.0 
9.2 
9.5 
9.3 
9.5 
9.9 
10.6 


cent 
4.0 
5.3 
7.2 
5.3 
3.9 
4.9 
6.6 
4.2 
5.2 
4.8 


Den- 

sity3 


0.63 
.64 
.63 
.69 
.43 
.62 
.38 
.51 
.49 
.63 


1  Data  from  U.  S.  Dept.  Agr.  Tech.  Bui.  158  except  for  mahogany  (18). 

2  Shrinkage  from  green  to  oven-dry  conditions  expressed  in  percentage  of  dimensions  when  green.  Longi- 
tudinal shrinkage  of  normal  wood  ranges  from  0.1  to  0.3  per  cent. 

3  Density  expressed  as  specific  gravity  based  on  oven-dry  weight  and  air-dry  volume.  They  are  the 
specific  gravities  used  in  plotting  Figure  18  and  are  on  a  different  basis  from  that  used  in  certain  tables  of 
strength  values  of  various  woods  for  use  in  airplane  design  (26,  27). 

In  certain  types  of  cross-banded  construction  the  magnitude  of  the 
external  stresses  is  of  considerable  importance.  If,  for  example,  the 
shear  block  in  Figure  19  B,  «,  were  glued  to  a  solid  wing  beam,  the 
glue  would  be  subjected  to  very  large  shearing  stresses  during  mois- 
ture changes,  and  failure  might  occur  from  this  cause  alone.  The 
use  of  a  plywood  w^eb  on  the  beam  greatly  reduces  the  stresses  on 
the  joint  because  the  shrinkage  of  the  plywood  and  that  of  the  block 
endwise  are  not  greatly  different. 

LAMINATED-WOOD  CONSTRUCTION  ' 

Propellers  are  an  important  example  of  laminated  construction  in 
airplane  work.  In  laminated  construction  (fig.  9,  E,  F,  G)  the 
grain  of  plies  is  approximately  parallel,  and  the  shrinkage  of  all 
plies  combined  is  similar  to  that  of  solid  wood. 

However,  no  two  pieces  of  wood  are  exactly  alike  in  properties. 
When  glued  together,  even  with  the  grain  parallel,  laminations  with 
different  shrinkage  properties  develop  stresses  at  the  glued  joints, 
which  weaken  the  member  and  cause  it  to  change  shape.  In  most 
laminated  construction,  and  especially  in  propellers,  it  is  of  the 
highest  importance  that  such  stresses  be  avoided. 

The  construction  of  laminated-wood  products  free  from  internal 
stresses  involves  the  principle  of  combining  pieces  of  similar  proper- 
ties, which,  in  turn,  necessitates  a  consideration  of  (1)  the  kind  of 
w^ood,  (2)  the  plane  of  cutting  and  direction  of  grain  of  pieces,  and 
(3)  the  moisture  content  of  plies. 

Pieces  of  wood  of  the  same  species  are  more  apt  to  be  alike  than 
pieces  of  different  species.  Variations  in  wood  affecting  its  use  in 
laminated  construction  are  mainly  shrinkage  (Table  11)  and  rate 
of  change  in  moisture  content.  A  joint  made  of  woods  that  have 
about  the  same  rate  of  moisture  change  will  be  freer  from  stresses 
than  one  which  includes  both  quick  and  slow  changing  woods.  Con- 
trary to  the  effect  noted  in  cross-banded  construction,  differences  in 
density  of  adjacent  laminations,  when  not  accompanied  by  differ- 
ences in  shrinkage  properties,  do  not  induce  serious  internal  stresses. 
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Combining  high  and  low  density  laminations  of  the  same  species, 
provided  they  are  otherwise  alike,  into  the  same  laminated  wmstruc- 
tion  does  not  appear  to  cause  internal  stresses  of  large  magnitude. 
Laminated  specimens  under  test  have  shown  little  weakening  or 
tendency  to  warp  from  this  cause  (H)- 

There  is  a  difference  in  shrinkage  between  quartered  and  flat-sawn 
material  of  the  same  species.  Although  this  difference  is  greater  in 
some  woods  than  in  others,  an  average  of  150  species  of  wood  shows 
a  tangential  shrinkage  of  about  8  per  cent  and  a  radial  shrinkage 
of  about  41/2  per  cent  between  the  oven-dry  and  saturated  conditions 
(16).  Combining  quartered  and  flat-sawn  material  is  a  disturbing 
factor  in  certain  classes  of  laminated  construction,  such  as  propellers, 
but  may  be  relatively  unimportant  in  others. 

The  direction  of  the  grain  of  adjacent  laminations  affects  the 
strength  and  shape  of  glued  members.  Cross  grain  in  a  lamination 
results  in  a  certain  amount  of  longitudinal  shrinkage  of  that  par- 
ticular lamination,  whereas  the  longitudinal  shrinkage  of  straight- 
grained  material  is  very  small  or  negligible.  Consequently  a  con- 
struction made  of  cross-grained  and  straight-grained  laminations  is 
very  likely  to  warp. 

Stresses  in  laminated  members  resulting  from  differences  of  mois- 
ture content  in  the  laminations  have  been  found  to  disappear  gradu- 
ally and  without  danger  of  later  recurrence  if  the  glued  block  is  kept 
for  a  long  time  in  the  same  atmospheric  condition,  because  the  mem- 
ber checks  or  changes  shape  more  or  less  to  relieve  the  stressed  con- 
dition of  the  fibers.  If,  however,  the  original  stresses  are  the  result 
of  combining  quartered  and  flat-sawn  material  they  may  die  out 
during  a  long  conditioning,  but  as  soon  as  the  atmospheric  conditions 
change  the  streSvSes  will  be  set  up  anew. 

In  general,  then,  it  should  be  apparent  that  for  laminated-wood 
articles  in  which  high  strength  and  accurate  shape  are  required  all 
plain-sawed  or  all  quarter-sawed  material  of  the  same  wood  or  simi- 
lar woods  should  be  used,  and  all  pieces  should  be  at  a  uniform 
moisture  content  when  glued.  For  the  manufacture  of  articles  where 
slight  changes  in  form  are  of  no  consequence,  these  precautions  are 
of  the  United  States : 

GLUE  FORMULAS  FOR  USE  IN  AIRCRAFT 

The  following  water-resistant  glue  formulas,  with  directions  for 
mixing,  were  developed  at  the  Forest  Products  Laboratory  by  the 
laboratory  personnel  and  are  available  for  the  free  use  of  the  people 
of  the  United  States. 

CASEIN  GLUE  FORMULA  NO.    11  « 

Ingredlonts  Parts  by  weight 

Casein 100 

Water 220-230 

Hydrated   lime 20-  80 

Water 100 

Silicate  of  soda  (water  j^lass) 70 

Copper   chloride 2-    3 

Water 30-  50 

'■^  This  forniulu,  d(>velop«^d  nt  the  Forest  Products  LnlK>rntory,  Is  coveretl  by  IT.  S.  Patent 
No.   l,4r)(),842,   which   is  »vnlial)l«?  for  the  free  use  of  th»»  people  of  the   llnit<'d   States. 

lUlTTKRMAN,    S.,    Ulld    COOI'ERRIDKK,    C.   K.       PUOCKSS    OP    MANtTFA<"nmiNO    WATKKPUOOF   Al>H»- 

siVKS.      (U.  S.  Patent  No.  1,450,842.)     U.  S.  Patent  Office,  Off.  (iaa.  310:  1129.     1923. 


GLUING   WOOD   IN   AIRCRAFT  MANUFACTURE  53 

The  220  to  230  parts  of  water  added  to  the  casein  is  approximately 
the  right  amount  to  use  with  Argentine  (naturally  soured)  casein; 
but  if  a  different  casein  is  used,  tKe  water  requirement  will  lie  some- 
where between  150  and  250  parts  by  weight. 

The  formula  presupposes  that  a  high-calcium  lime  will  be  used.  A 
lime  of  lower  grade  may  be  used,  but  a  proportionately  larger 
amount  of  it  will  have  to  be  added  unless  one  is  willing  to  sacrifice 
the  water  resistance  of  the  glue.  It  is  suggested  that  the  user  try 
25  parts  of  lime  to  begin  with.  If  this  does  not  give  good  results, 
the  amount  can  be  varied  within  the  limits  specified. 

The  density  of  the  silicate  of  soda  used  should  be  about  40°  Baume 
with  a  silica-soda  ratio  of  from  1  to  3.25.  Copper  sulphate  can  be 
substituted  tor  copper  chloride. 

The  casein  and  water  are  placed  in  the  bowl  of  the  mixing  ma- 
chine, and  the  paddle  is  made  to  rotate,  stirring  the  mixture  until 
all  the  water  has  been  absorbed  and  all  the  casein  moistened.  By 
allowing  the  casein  to  soak  beforehand  for  a  while  it  is  more  readily 
dissolved  in  the  mixing  process.  In  a  separate  container  the  hyd- 
rated  lime  is  mixed  with  water.  This  mixture  is  stirred  vigorously 
at  first,  but  just  before  it  is  added  to  the  casein  it  should  be  stirred 
with  a  gentle  rotary  motion,  just  enough  to  keep  the  finest  particles  of 
lime  in  suspension.    Pour  this  milk  of  lime  quickly  into  the  casein. 

When  casein  and  lime  are  first  combined  they  form  large  lumps, 
which  are  balls  of  casein  coated  with  the  partly  dissolved  casein. 
These  balls  break  up  readily  under  the  action  of  the  mixer,  becom- 
ing smaller  and  smaller  and  finally  disappearing.  The  solution,  in 
the  meantime,  is  becoming  thin  and  fluid.  Within  the  first  minute 
after  adding  the  lime  it  is  well  to  stop  the  paddle  and  scrape  the 
sides  and  bottom  of  the  can,  and  then  stir  again.  If  a  deposit  of 
casein  remains  unacted  on,  it  may  cause  more  lumps  later. 

When  about  two  minutes  have  elapsed  since  the  lime  and  casein 
were  first  put  together,  it  will  be  noticed  that  the  glue  has  begun  to 
thicken  a  little.  The  sodium  silicate  must  be  added  now,  or  else  the 
glue  will  become  too  thick.  Disregarding  lumps  in  the  casein,  if 
they  are  but  few,  pour  in  the  sodium  silicate.  The  glue  will  become 
even  thicker  momentarily,  but  it  will  soon  change  to  a  thin,  smooth, 
and  fluid  consistency. 

The  stirring  should  continue  until  the  glue  is  free  from  all  lumps. 
This  should  not  take  more  than  15  or  20  minutes,  counting  from  the 
time  the  lime  was  added.  If  the  glue  is  now  a  little  too  thick,  a 
small  amount  of  water  may  be  added.  If  the  glue  is  too  thin,  how- 
ever, it  will  be  necessary  to  discard  the  entire  batch  and  start  over 
again,  using  a  smaller  proportion  of  water. 

The  copper  salt  may  be  added  at  different  times  during  the  mixing 
process  with  apparently  the  same  final  results.  If  added  as  a  pow- 
der or  a  solution  to  the  casein  before  soaking,  it  is  likely  to  have  a 
corrosive  action  on  the  metal  container,  and  for  this  reason  it  is 
advisable  to  add  it  later  during  the  mixing  process.  If  added  at 
first,  however,  it  should  be  thoroughly  mixed  with  the  casein  before 
the  addition  of  the  lime.  It  may  be  placed  in  solution  and  conven- 
iently stirred  into  the  moistened  casein  immediately  before  adding 
the  lime  or  after  all  the  other  ingredients  have  been  combined  and 
the  mixture  rendered  smooth  and  uniform  in  consistency.     When 
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added  at  the  end  of  the  mixing  period,  it  should  be  poured  into  the 
glue  in  a  thin  stream  and  the  mixture  stirred  vigorously.  Stirring 
should  be  continued  until  any  lumps  that  may  have  formed  at  first 
by  coagulation,  when  glue  and  copper  solution  mix,  are  broken  up 
and  a  smooth,  violet-colored  glue  is  obtained. 

Glue  prepared  by  formula  No.  11  has  proved  to  be  exceptionally 
strong  and  durable  in  aircraft  construction,  even  under  wet  or  damp 
conditions. 

CASEIN  GLUE  FORMULA  NO.  43=* 

Formula  No.  11,  as  above  specified  but  without  the  copper-chloride 
solution,  represents  an  earlier  stage  of  development,  known  as  for- 
mula 4B.  The  mixing  is  the  same  as  for  formula  No.  11,  except 
for  the  omission  of  the  copper-chloride  solution.  The  glue  has  a 
medium  consistency,  excellent  working  properties,  and  a  good  work- 
ing life.  It  falls  somewhat  short  of  formula  No.  11  in  water-resist- 
ing properties,  however. 

BLOOD-ALBUMIN  GLUE— HOT-PRESS  FORMULA  » 
Ingredients  Parts  by  weight 

Blood  albumin  (90  per  cent  solubility) 100 

Water 170 

Ammonium  hydtoxide  (specific  gravity  0.90) 4 

Hydrated  lime 3 

Water 10 

Cold  water  should  be  poured  over  the  blood  albumin  and  the  mix- 
ture allowed  to  stand  for  an  hour  or  two  without  stirring.  The 
soaked  blood  albumin  can  then  be  put  into  solution  with  a  small 
amount  of  stirring.  After  the  blood  albumin  is  in  solution  the  am- 
monia is  added  while  the  mixture  is  being  stirred  slowly.  Slow 
stirring  is  necessary  to  prevent  foamy  glue.  The  lime  is  then  com- 
bined with  the  smaller  amount  of  water  to  form  milk  of  lime.  The 
milk  of  lime  is  added  and  agitation  should  be  continued  for  a  few 
minutes.  Care  should  be  exercised  in  the  use  of  the  lime,  inasmuch 
as  a  small  excess  will  cause  the  mixture  to  thicken  and  become 
a  jellylike  mass.  The  glue  should  be  of  medium  consistency  when 
mixed  and  should  remain  suitable  for  use  for  several  hours.  The 
exact  proportions  of  blood  albumin  and  water  may  be  varied  as 
required  to  produce  a  glue  of  greater  or  less  consistency  or  to  suit 
a  blood  albumin  of  different  solubility  from  that  specified. 

PARAFORMALDEHYDE-BLOOD-ALBUMIN  GLUE  FORMULA  » 

Ingredients  Parts  by  weight 

Blood  albumin  (90  per  cent  solubility) 100 

Water ^^_  140-200 

Ammonium  hydroxide  (si)ecific  gravity  0.90) 5% 

Paraformaldehyde 15 

=*  This  formula,  developed  at  the  Forest  Products  Laboratory,  is  covered  by  U.  S.  Patent 
No.  1201896,  which  is  available  for  the  free  use  of  the  people  of  the  I'nited  States. 
BuTTERMAN,  S.  PRocwss  OK  MANurAcnniRiN*}  wATKHVRooF  ADiiBsivEs.  (U.  S.  Patent  No. 
129131)(>.)      U.  S.  Patent  Office,  Oflf.  Gaz.  258:854.     1919. 

^Thls  formula,  developed  at  the  Forest  I'roducts  Laboratory,  is  covered  bv  U.  S.  Patent 
No.   1329599,    which  is   available   for   the   free   use   of  the   people   of   the   f'nited   States. 

IlENNINO,    S.    B.       CJLUK    AND    MANUFACTURING    SAME.        (IT.    S.    I'atent    No.    1329599.)       U.    S. 

Patent  Office,  Off.  C.az.  271  :  48.     1920. 

2«This  formula,  developed  at  the  Forest  Products  Laboratory.  Is  covered  by  I^.  S.  Patent 
No.  1459541,  which  is  available  for  the  free  use  of  the  people  of  the  United  States. 
LiNDAUER,  A.  C.  BLOOD-ALBUMIN  GLUE.  (U.  S.  Patent  Iso.  1450541.)  U.  S.  Patent 
Office,  Off.  Gaz.  311 :  660.     1023. 
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The  blood  albumin  is  covered  with  the  water  and  the  mixture  is 
allowed  to  stand  for  an  hour  or  two,  them  stirred  slowly.  The  am- 
monium hydroxide  is  next  added  with  more  stirring.  Then  the  para- 
formaldehyde is  sifted  in,  and  the  mixture  is  stirred  constantly  at 
a  fairly  high  speed.  Paraformaldehyde  should  not  be  poured  in  so 
rapidly  as  to  form  lumps  nor  so  slowly  that  the  mixture  will  thicken 
and  coagulate  before  the  required  amount  has  been  added. 

The  mixture  thickens  considerably  and  usually  reaches  a  consist- 
ency where  stirring  is  difficult  or  impossible.  HoAvever,  the  thick- 
ened mass  will  become  fluid  again  in  a  short  time  at  ordinary  tem- 
peratures and  will  return  to  a  good  working  consistency  in  about  an 
hour.  It  will  remain  in  this  condition  for  6  or  8  hours,  but  when  the 
liquid  finally  sets  and  dries,  as  in  a  glue  joint,  it  forms  a  hard  and 
insoluble  film. 

This  glue  may  be  used  in  either  hot  or  cold  presses.  When  cold 
pressed,  however,  it  has  only  moderate  strength,  and  for  that  reason 
is  not  to  be  depended  upon  in  aircraft  construction  where  maximum 
strength  is  required.  If  hot  pressed,  it  is  high  in  strength  and  very 
water  resistant. 

WATER-RESISTANT  ANIMAL  GLUE  FORMULAS^ 

Ingredients  Parts  by  weight 

Animal   glue 100 

Water 225 

Oxalic  acid 5.  5 

Paraformaldehyde 10 

The  glue  is  soaked  in  the  water  until  the  granules  or  flakes  have 
been  softened.  It  is  then  melted  at  about  140°  F.  after  which  the 
temperature  is  allowed  to  fall  to  between  105°  and  115°.  The  oxalic 
acid,  in  small  crystals,  and  the  paraformaldehyde,  ground  to  a  fine 
white  powder,  are  then  mixed  together  and  added  to  the  glue.  The 
mixture  is  stirred  until  all  of  the  oxalic  acid  has  gone  into  solution, 
after  which  it  is  ready  for  use.  The  paraformaldehyde  does  not 
readily  dissolve  in  the  glue,  and  much  of  it  remains  as  a  finely 
divided  solid  during  the  working  life  of  the  glue  mixture.  A  certain 
amount  of  agitation  is,  therefore,  necessary  to  keep  it  evenly  dis- 
tributed throughout  the  mixture.  The  paraformaldehyde  should  be 
fine  enough  to  pass  through  a  50-mesh  sieve. 

The  paraformaldehyde  for  use  in  this  formula  should  be  of  the 
slow-reacting  type.  A  fast-reacting  paraformaldehyde  appreciably 
shortens  the  working  life  of  the  glue  mixture. 

If  kept  at  a  temperature  not  exceeding  115°  F.,  the  glue  will 
remain  in  a  fluid  condition  for  8  to  10  hours  froni  the  time  of  incor- 
porating the  paraformaldehyde  and  oxalic  acid,  after  which  it  will 
set  to  a  tough,  firm  jelly  which  can  not  be  melted  again.  It  is 
important  to  avoid  heating  the  glue  mixture  much  above  115°  if  a 
long  working  life  is  required.  Organic  decomposition  of  the  glue 
will  not  seriously  affect  the  quality  of  the  glue  at  this  temperature, 
since  the  chemicals  used  in  its  preparation  act  as  preservatives. 

^  This  formula,  developed  at  the  Forest  Products  Laboratory,  is  covered  by  U.  S.  Patent 
No.  1712077,  which  is  available  for  the  free  use  of  the  people  of  the  United  States. 
Hrubesky,  C.  E.,  and  Browne,  F.  L.  water-resistant  animal,  glue.  (U.  S.  Patent 
No.  1712077.)      U.  S.  Patent  Office,  Off.  Gaz.  382  :  201.     1929. 
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•    Both  oxalic  acid  and  paraformaldehyde  are  poisonous  materials 
and  should  therefore  be  handled  with  care. 

This  glue  combines  the  desirable  characteristics  of  an  animal  glue 
with  a  relatively  high-water  resistance.  However,  the  water  resist- 
ance varies  directly  with  the  temperature  of  the  water  to  which  the 
glued  article  is  subjected.  At  room  temperatures  the  glue  is  highly 
water  resistant,  but  at  140°  F.  it  is  very  low  in  water  resistance. 
The  joints  should  be  conditioned  for  about  two  weeks  at  room  tem- 
perature to  allow  the  glue  to  reach  its  maximum  water  resistance. 
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INTRODUCTION 

A  tiny  cicadellid,  Eutettix  tenellus  Baker  (the  beet  leaf  hopper),^  is 
responsible  for  a  serious  disease  (commonly  called  curly  top)  of 
sugar  beets  and  other  truck  crops  in  the  western  part  of  the 
United  States,  and  the  problem  has  become  of  increasing  importance 
to  the  sugar  industry  within  recent  years.  Sugar  factories  have  been 
dismantled  and  moved  to  other  places,  only  to  be  dismantled  and 
moved  again  when  it  .was  found  that  the  areas  moved  into  were 
subject  to  invasions  of  the  insect.  Many  factories  in  the  inter- 
mountain  region  have  operated  on  an  intermittent  basis  or  not  at  all. 
Since  the  three  factories  in  the  central  part  of  the  Snake  River  Valley 
in  southern  Idaho  have  been  built  they  have  never  run  more  than 
50  per  cent  of  their  total  capacity. 

1  Acknowledgments:  To  J.  E.  Graf,  in  charge  of  the  Division  of  Truck-Crop  Insects  of  the  Bureau  of 
Entomology,  of  which  this  project  is  a  part,  the  writer's  especial  thanks  are  due;  his  constant  encourage- 
ment and  suggestions,  together  with  a  never-failing  administrative  support,  have  been  invaluable.  R.  N. 
Chapman,  of  the  University  of  Minnesota,  has  served  in  the  capacity  of  collaborator  of  the  Bureau  of 
Entomology  in  connection  with  this  study  and  his  assistance  is  gratefully  acknowledged.  Specific  men- 
tion of  all  of  those  who  from  time  to  time  have  lent  assistance  would  involve  too  much  space,  but  especial 
mention  should  be  made  of  Eubanks  Carsner,  Bureau  of  Plant  Industry,  and  the  following  members  of 
the  project  staff:  Clement  H.  Griffith,  Van  E.  Romney,  Arthur  Goodrich,  E.  W.  Davis,  H.  E.  Wallace, 
and  Rowland  W.  Haegele  (of  the  Idaho  experiment  station).  The  officers  of  the  Amalgamated  Sugar 
Co.  have  given  assistance  of  the  most  valuable  kind;  in  particular  the  cooperation  of  Messrs.  Swendsen, 
Cottrell,  and  Hagar  of  that  company  has  been  an  important  factor  in  the  development  of  the  study. 
Acknowledgments  are  also  due  to  E.  D.  Ball,  whose  stimulating  memorandums  on  the  subject  of  the 
study  were  valuable  and  informative. 

2  This  insect  is  also  known  locally  as  the  "white  fly." 
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In  Table  1  are  listed  data  from  the  records  of  the  company  owning 
these  mills  covering  the  period  of  operation  of  the  factory  at  Twin 
Falls.  The  table  is  instructive,  since  it  illustrates  the  necessity  for 
the  study  reported  in  this  bulletin. 

Table  1. — Acreage  record  for  the  beet-sugar  factory  at  Twin  Falls,  Idaho,  1916-1926 


Year 

Area 
planted 

Area 
harvested 

Area 
aban- 
doned 
on  ac- 
count of 
Eutettix 
teneUus 

Yield 
per  acre 

Year 

Area 
planted 

Area 
harvested 

Area 

aban- 
doned 
on  ac- 
count of 
Eutettix 
tenellus 

Yield 
per  acre 

1916 

1917 

1918 

1919 

1920 

1921 

Acres 

5,764 
6,540 
3,583 
6,107 
6, 760 
7,586 

Acres 
5,321 
6,860 
3,254 
4,695 
4,722 
6,066 

Acres 

(J) 

1,160 

0 

1,520 

Tons 
12.13 
10.91 
11.88 

7.65 
11.  58 

7.97 

1922 

1923 

1924 

1925 

1926 

Acres 
2,434 
4,574 
7,519 
3,241 
2,492 

Acres 
2,267 
4,568 
3,113 
3,003 
282 

Acres 

0 

0 

4,406 

60 

2,210 

Tons 
13.52 
14.19 

5.50 
14.26 

6.01 

>  Leaf  hopper  in  territory  but  no  data  on  actual  loss  available. 

From  Table  1  it  is  seen  that  from  1919,  the  first  year  when  serious 
losses  occurred  in  the  Twin  Falls  factory  district,  until  1925  there 
has  been  a  reduced  acreage  following  every  outbreak.  This  acreage 
has  then  increased  to  a  high  point  only  to  meet  with  reverses  due  to 
another  outbreak.  The  outbreaks  have  coincided  with  the  years  of 
greatest  acreage.^  The  depressing  effect  on  the  industry  caused  by 
this  intermittency  has  been  rendered  more  pronounced  by  the  lack 
of  advance  information  as  to  which  years  were  to  be  years  of  outbreak. 

In  1917  Ball  {1,^.  86)  ^  made  the  following  statement: 

Any  information  by  which  the  probable  occurrence  of  these  periodic  outbreaks 
could  be  foretold  would,  therefore,  be  worth  millions  of  dollars  to  this  industry. 
This  information  can  only  be  obtained  by  long  and  careful  study  of  the  habits 
and  reproductive  power  of  the  insect  on  its  native  food  plants  and  in  its  natural 
breeding  range. 

It  was  with  this  objective  in  mind  that  the  present  study  was 
started  in  the  spring  of  1925.  Headquarters  were  first  established  at 
Toppenish,  Wash.,  but  were  moved  in  August  of  that  year  to  Twin 
Falls,  Idaho,  where  the  sugar  industrv  was  still  attempting  to  main- 
tain itself.  The  situation  there,  as  reference  to  Table  1  will  show,  is  a 
most  serious  one,  serious  damage  having  occurred  in  four  of  the  nine 
years  since  1919.  All  three  factories  (at  Twin  Falls,  Burley,  and 
raul)  lie  within  a  permanent  breeding  ground  of  Eutettix  tenellus y 
and  therefore  an  excellent  opportunity  was  presented  for  this  study.* 

Primarily,  the  problem  was  to  endeavor  to  establish  a  basis  for  pre- 
dicting outbreaks,  by  the  use  of  ecological  methods  and  technic.  It 
is  realized  that  predicting  in  an  area  with  the  past  record  of  the  south- 
ern Idaho  district  is  at  best  a  palliative  and  can  not  be  considered  a 
permanent  solution.  It  will,  however,  if  successful,  do  more  to  main- 
tain the  industry  until  a  permanent  solution  can  be  found  than  any 
other  method  which  might  be  devised. 

>  The  reduced  acreage  in  1926,  while  probably  affected  by  crop  competition,  is  an  indication  that  farmers 
recognized  the  danger  of  damage  following  the  e.xtremely  mild  winter  of  192&-26— a  recognition  that  was 
fully  supported  by  subseciiiont  events  that  season. 

« Italic  numbers  in  parentheses  refer  to  "  Literature  cited,"  p.  113. 

»  For  purely  physical  reasons  the  detailed  study  was  limited  to  a  comparatively  small  area  which  appeared 
to  represent  a  suitable  unit  for  study. 
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THE  METHOD  OF  APPROACH  TO  THE  PROBLEM 

The  problem  involves  the  study  of  the  ecology  of  the  insect,  both 
in  its  native  desert  environment  and  in  the  beet  fields.  The  ques- 
tions to  be  answered  in  the  course  of  the  investigation  involve  the 
relationships  of  the  insect  to  its  host  plants  and  the  relationships  of 
the  insect  and  the  host  plants  to  the  desert,  with  its  extreme  physical 
factors  of  moisture  and  temperature.  The  possible  explanation  for 
the  migration  of  the  insect  from  the  desert  to  the  beet  fields  involves 
a  study  of  all  the  factors  of  both  environments  which  make  for  large 
Eutettix  populations  and  their  successful  establishment  in  the  beet 
fields.  The  fact  that  the  insect  transmits  a  virus  which  causes  a 
disease  of  the  beets  necessitates  the  consideration  of  this  disease,  the 
insect's  transmission  of  it,  and  the  beet's  susceptibility  to  it. 

The  first  step  was  to  study  the  environment  of  the  insect.  Such  a 
study  had  several  phases.  One  was  a  consideration  of  the  physical 
factors.  Thermographs  were  set  up  at  intervals  through  the  area 
and  a  detailed  observation  station  was  established  at  Twin  Falls.  At 
the  latter  place  hygrothermograph  records,  evaporation  data,  and^ 
by  means  of  an  electric-resistance  thermometer  outfit,  temperature 
records  through  the  vertical  range  of  the  local  environment  were 
taken.  Data  on  wind  movement  were  obtained  by  means  of  a  re- 
cording cup  anemometer.  In  cooperation  with  the  United  States 
Weather  Bureau,  records  of  solar  radiation  were  obtained  by  means 
of  a  Kimball  pyrheliometer  attached  to  an  Engelhard t  recorder. 

The  place  chosen  for  this  observation  station  was  typical  of  the 
insect's  breeding  grounds,  so  the  data  obtained  represent  a  fair 
record  of  the  physical  factors  of  the  average  environment  of  the 
insect. 

Laboratory  studies  on  the  effect  of  the  physical  factors  on  the  insect 
were  run  concurrently  with  the  study  of  the  external  environment. 
Those  dealing  with  the  effect  of  low  temperatures  were  checked  up 
by  means  of  extensive  field  studies  on  hibernation  and  winter  sur- 
vival. The  field  cages  used  in  these  experiments  were  located  at  the 
observation  station  where  the  temperature  and  other  records  were 
taken. 

Another  phase  of  the  investigation  was  a  study  of  the  insect's 
host  plants  from  the  standpoint  of  both  plant  and  insect.  Moot 
questions  were:  Which  species  were  favored  hosts?  What  was  their 
comparative  longevity?  Was  there  a  succession  of  host  plants  through 
the  season?  The  concentration  of  the  cell  sap  of  the  host  plants 
was  recorded  as  a  possible  measuring  stick  whereby  both  the  plant's 
development  and  the  insect's  reaction  could  be  followed.  Careful 
notes  on  the  development  of  the  plants  throughout  the  season 
were  also  taken.  Quantitative  collections  of  the  insect  populations 
w^ere  made  throughout  the  season.  These  were  made  with  an  Ameri- 
can landing  net,  each  collection  consisting  of  50  or  100  sweeps  of 
the  net.  All  the  insects  were  sorted  out,  counted,  and  recorded. 
In  this  way  a  numerical  measure  of  the  populations  of  Euttettix 
tenellus  on  each  host  plant  was  obtained. 

Another  phase,  closely  related  to  the  last  mentioned,  was  a  study 
of  the  entire  insect  community  to  which  E.  tenellus  belongs.  This 
was  accomplished  by  counting  and  recording  all  the  insects  obtained 
in  the  quantitative  collections. 
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Finally,  with  all  the  foregoing  data  at  hand,  the  climate  of  the 
region  was  studied  and  relationships  between  outbreaks  of  the  insect 
and  weather  were  worked  out.  This  led  to  two  important  economic 
applications  of  the  data,  one  to  prediction  of  outbreaks,  and  the  other 
to  the  determination  of  the  probable  economic  distribution  of  the 
insect.  These  in  turn  led  to  a  consideration  of  the  environmental 
complex,  its  importance  and  usefulness  as  a  working  basis  for  ento- 
mologists. 

GENERAL  OUTLINE  OF  THE  LIFE  HISTORY  OF  THE  INSECT 
IN  SOUTHERN  IDAHO 

lEuteitix  tenellus  hibernates  as  an  adult  and  during  the  winter 
develops  its  eggs.  Its  hibernation  has  been  described  as  ''incomplete 
hibernation"  by  Severin  (26).  The  fact  that  it  does  not  develop  its 
eggs  during  the  late  fall,  even  though  the  temperatures  are  higher 
than  prevail  during  the  warmest  days  of  the  winter,  suggests  that, 
hibernation  may  consist  of  a  rest  period  without  dormancy,  and  that, 
in  the  case  of  E.  tenellus,  this  rest  period  is  broken  up  sometime  dur- 
ing midwinter.  The  preoviposition  period  of  overwintering  E.  tenellus 
in  the  field  can  not  be  explained  on  the  basis  of  ordinary  temperature 
summation,  as  reference  to  the  detailed  temperataire  experiments 
will  show.  It  has  nevertheless  been  proved  during  the  seasons  of 
1926,  1927,  and  1928  that  the  overwintering  females  have  developed 
their  eggs  by  the  end  of  February  or  the  middle  of  March.  Ovipo- 
sition  starts  on  the  desert  host  plants  much  earlier  than  previous 
studies  would  indicate.  Nymphs  were  found  in  numbers  the  first 
week  of  April,  1926,  and  fresh  adults  April  17.  In  1927  nymphs  were 
common  at  Glenns  Ferry  on  May  6;  these  emerged  as  males  in  the 
laboratory  on  May  17.  A  third-instar  nymph  was  taken  close  to 
Twin  Falls  on  May  19,  indicating  that  the  brood  was  well  under  way 
at  that  place  on  that  date.  Nymphs  were  found  at  Twin  Falls  on 
May  2,  1928. 

The  previous  work  (7,  32)  indicating  that  the  insect  is  single- 
brooded  is  not  substantiated  by  the  work  in  the  area  here  reported. 
The  difficulty  probably  lies  in  the  fact  that  the  beet  field  was  the 
scene  of  life-history  observations  and  the  possibility  that  a  brood 
may  have  occurred  on  the  desert  before  the  flight  was  overlooked. 

An  excellent  criterion  for  the  first  appearance  of  the  first  generation 
is  to  be  found  in  the  fact,  established  by  experiment  and  observation, 
that  the  males  rarely  overwinter.  The  sudden  appearance  of  males 
after  nymphs  have  been  found  is  a  clear  indication  that  the  first 
generation  is  appearing.  Since  the  males  appear  first,  the  appear- 
ance of  fresh  females  is  an  indication  that  the  adults  of  the  new 
generation  have  been  emerging  for  some  time.  The  question  of  color 
IS  involved  here.  As  a  general  rule  the  color  of  overwmtering  females 
is  dark.  This  color  varies  very  much  between  individuals,  but  there 
is  no  difficulty  in  the  spring  in  distinguishing  between  the  overw'inter- 
ing  females  and  the  new  generation.  The  new-generation  adult  has 
a  distinctive  cream-green  color  which  effectively  distinguishes  it  from 
its  parents. 

In  1926,  when  the  spring  was  most  unusually  dry  and  warm,  the 
desert  host  plants  were  dried  out  by  the  first  week  in  May  and  a 
terrific  infestation  in  the  beet  fields  followed.     Observations  in  the 
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desert  breeding  grounds  prior  to  this  indicated  without  question  that 
the  first  brood  was  well  advanced.  Counts  of  the  insects  collected  in 
the  beet  fields  the  first  week  in  May  showed  a  normal  percentage  of 
males.  Most  of  the  insects,  male  and  female,  were  of  the  color 
typical  of  the  new  brood,  but  some  dark  forms  were  noticed.  This 
means  that  under  such  conditions  oviposition  for  the  first  brood 
might  be  practically  completed  in  the  desert  breeding  grounds  but 
finished  in  the  beet  fields.  The  small  and  mostly  noneconomic  popu- 
lations of  Eutettix  tenellus  encountered  in  beet  fields  in  1927  were  all 
light  colored.  As  a  matter  of  fact,  at  that  time,  dark  overwintering 
forms  could  not  be  found  on  the  desert  breeding  grounds  except  in 
very  rare  instances.  Observations  in  this  area  (which  might,  of 
course,  not  hold  for  other  areas)  indicate  that  the  first  generation  is 
rapidly  developed  on  the  desert  and  oviposition  by  the  overwintering 
females  is  completed  before  the  spring  season  is  ended. 

The  life  history  of  the  insect  in  a  beet  field  is  conditioned  by  factors 
which  are  not  present  in  the  insect's  desert  environment,  so  the 
number  of  generations  may  be  quite  different  in  the  two  environments. 
Data  are  presented  later  to  show  that  the  insect's  optimum  environ- 
ment is  to  be  found  in  the  desert  on  its  wild  host  plants  and  that  this 
optimum  condition  is  only  approached  in  a  beet  field  if  the  stand  is 
poor  and  growth  retarded,  as  is  the  case  if  the  beets  are  severely 
affected  by  curly  top.  Quantitative  data  from  the  field  collections 
indicate  that  on  the  native  hosts  there  are  three  generations  of  the 
insect  in  this  area,  the  size  of  the  third  generation  being  dependent 
on  fall  weather  conditions.  (See  Haegele  {19).)  On  beets  there  are 
two  generations,  the  second  and  third  of  the  insect's  seasonal  develop- 
ment. 

THE  DESERT  ENVIRONMENT  OF  EUTETTIX  TENELLUS 

PHYSICAL  FACTORS  OF  THE  ENVIRONMENT 

MEASUREMENT  OF  THE  FACTORS 

The  principal  technical  problem  confronting  the  ecologist  is  the 
description  of  environments  in  terms  of  precision.  This  is  less  a 
problem  in  connection  with  physical  factors  than  it  is  with  biotic 
factors.  The  importance  of  physical  factors  has  been  the  subject  of 
much  investigation,  which  is  reviewed  at  length  by  Chapman  (8). 
The  factors  measured  in  this  study  are  solar  radiation,  humidity, 
ternperature,  evaporation,  wind  movement,  and  precipitation.  Soil 
moisture,  presenting  a  summary  of  factors,  is  used  in  connection  with 
desert  observation  stations  and  is  listed  in  Tables  19  and  20  and  in 
Table  40.  Measurements  of  temperature  include  standard  shade 
(Weather  Bureau  shelter),  soil-surface  temperatures,  and  a  series  of 
temperatures  through  the  vertical  range  of  the  environment,  which 
were  taken  at  the  surface  and  6  and  27  iftches  above  the  surface. 
Humidity  records  are  limited  to  the  hygrothermograph  records  under 
standard-shade  conditions,  except  that  a  few  hygrothermograph 
records  were  obtained  from  several  situations  for  short  periods  to 
illustrate  particular  points.  Atmometer  records  of  evaporation  are 
available  for  the  three  seasons  1926,  1927,  and  1928.  These  records 
cover  only  the  period  from  spring  to  fall,  or,  perhaps  more  accurately, 
the  frost-free  period  of  the  year. 
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The  data  are  ^ouped  for  the  most  part  according  to  season,  since 
in  that  way  their  special  significance  is  more  forcibly  brought  out. 
The  winter  conditions  are  considered  with  respect  to  hibernation, 
jand  spring  conditions  with  respect  to  the  development  of  the  first 
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Figure  1.— Comparison  of  temperatures  Indifferent  positions,  Twin  Falls,  Idaho:  A,  Tempera- 
tures at  soil  surface  and  in  standard  shade,  week  ended  January  24, 1926;  rain  and  snow  fell  on 
December  2,  3,  (i,  7,  8,  9,  11,  and  12,  and  snow  fell  on  December  13,  20.  and  22;  B,  temi)eratures 
at  soil  surface,  in  standard  slmde,  and  in  celluloid  hibernation  cages,  week  ended  January  24, 
1927;  rain  and  snow  fell  on  January  17,  18,  19,  and  20;  C,  temi>eratures  at  soil  surface  and  In 
standard  shade,  week  ended  Fqjjruary  28,  1927 

brood  and  migration,  while  summer  and  fall  conditions  are  considered 
in  connection  with  the  development  of  the  desert  populations.  The 
data  are  presented  here  with  brief  discussion,  further  elaboration 
being  left  to  the  sections  of  this  bulletin  dealing  with  specific  divi- 
sions of  the  problem. 

The  data  of  figure  1,  A  and  B,  illustrate  important  intraenviron, 
mental  differences  in  winter  temperatures.     The  solid  black  line  show. 
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ing  air  temperatures  in  standard  shade  is  to  be  compared  with  the 
dotted  line  showing  temperatures  at  the  soil  surfaces.  From  these 
it  is  seen  that  when  snow  fell  prior  to  cold  waves  the  temperatures  at 
the  surface  of  the  soil  were  practically  constant  at  around  freezing 
point  during  the  succeeding  cold  weather  when  air  temperatures  fell 
considerably  below  zero.  These  data  are  discussed  further  in  con- 
nection with  hibernation  studies. 

Figure  1,  C,  illustrates  a  condition  converse  to  that  shown  in 
A  and  B.  It  will  be  noted  that  there  are  midday  peaks  on  both 
curves  and  that  the  soil-surface  temperatures  reached  points  favor- 
able to  activity  of  Eutettix  tenellus  while  air  temperatures  remained 
below  the  favorable  point.     It  is  through  increments  of  such  favor- 
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FiGUEE  2.— Hygrothermograph  records  for  week  ended  August  22,  1927,  Twin  Falls,  Idaho. 
Relative  humidity  shown  by  dotted  line,  temperature  shown  by  solid  line:  A,  Hygrothermograph 
record  from  a  beet  field;  B,  hygrothermograph  record  from  a  stand  of  Russian  thistle  (S.  pestifer) 
close  to  the  beet  field 


able  temperatures  that  the  insect  is  enabled  to  develop  its  eggs  during 
the  winter  months. 

Figure  2  represents  data  taken  for  the  purpose  of  illustrating 
differences  between  sugar  beet  and  Russian  thistle  {Salsola  pestifer) 
with  respect  to  the  environments  offered  to  E.  tenellus.  The  humidity 
of  the  beet  field  was  consistently  high,  while  the  humidities  in  the 
stand  of  Russian  thistle  fluctuated  widely.  The  data  also  show 
differences  with  respect  to  temperature.  In  both  cases  the  instru- 
ments were  on  the  ground.  The  minimum  temperatures  do  not 
differ  much  but  the  maximum  temperatures  show  wide  variation. 
In  the  thistle  stand  these  maxima  exceeded  100°  F.  every  day  while 
in  the  beet  field  the  maxima  exceeded  80°  only  slightly  on  three  days. 
The  beets  were  large  and  completely  shaded  the  ground.  The 
thistle  stand  shown  in  Plate  1,  A,  was  typical  of  those  areas  breeding 
high  populations  of  E.  tenellus. 


8 


TECHNICAL  BULLETIN  206,  V.  S.  DEPT.  OF  AGRICULTURE 


The  hygro thermograph  record  presented  in  Figure  3,  A,  was  taken 
in  part  of  a  beet  field  where  the  beets  were  in  poor  condition,  and  the 
record  in  Figure  3,  B,  was  taken  in  another  part  of  the  same  field  where 
the  beets  were  thrifty.  (Pi.  1,  B.)  By  comparing  these  two  records 
it  is  seen  that  poorly  growing  beets  having  little  leaf  development 
provide  more  favorable  temperature  conditions  than  do  the  more 
rankly  growing  beets.  These  thin  spots  in  the  field  were  the  only 
places  where  the  activity  of  the  insect  was  evident.  By  comparing 
Figures  2,  B,  and  3,  A,  it  is  seen  that  the  environment  offered  by  such 
beets  approaches  that  of  a  stand  of  sparsely  growing  Salsola  pestifer. 
Poor  stands,  very  young  beets,  or  beets  suffering  severely  from  curly 


'^jZ2M'i^iiziZL/JiiziZ2izzinjziiiiiiizix<JiiiiziaiipJxrin7Ezzii:i£ziii:iazr:jirii^ 


SUNDAY  MON. 

77771 


Fic.URK  3.— IlyprothcrnioBraph  records  for  week  ended  September  24,  1927,  Twin  Falls,  Idaho:  A. 
Hygrothennograph  records  from  a  place  in  a  beet  field  where  cultural  conditions  were  noor  ana 
beets  were  unthrifty;  B,  hygrothermograph  record  from  another  place  in  the  same  beet  field  where 
cultural  conditions  were  excellent  and  beets  were  thrifty 

top,  all  provide  an  environment  more  favorable  to  the  activity  of  E. 
tenellus  than  does  a  normal,  well-advanced  beet  field. 

Figure  4  presents  thermograph  records  for  the  week  ended  May  7, 
1 928 .  A  and  B  are  for  outdoor  conditions  and  illustrate  the  differences 
in  temperature  between  standard  shade  and  the  surface  of  the  soil. 
The  rapid  heating  of  the  soil  surface  is  evident  from  the  abrupt  rise  of 
the  curve  in  B.  It  can  readily  be  seen  that,  when  expressed  as  areas 
on  the  record,  the  more  effective  temperature  ranges  cover  a  much 
greater  percentage  of  the  total  area  above  a  given  base  line  than  is  the 
case  for  A.  Figure  4,  C,  illustrates  the  conditions  obtained  experi- 
mentally. This  temperature  record  occupies  a  position  intermeaiate 
between  the  standard -shade  and  soil-surface  records. 

Table  2  is  the  record  of  winter  temperatures  for  the  three  winters 
1925-26,  1926-27,  and  1927-28.  In  order  to  provide  a  proper  basis 
for  comparison,  the  record  obtained  from  the  soil  thermograph  is  used 
throughout  for  soil-surface  temperatures,  since  the  electric  resistance 
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RUSSIAN  Thistles,  Sugar  Beets,  and  Abandoned  Farm 

A,  The  stand  of  Russian  thistle  (S.  pestifer)  from  which  the  data  of  Figure  2,  B,  were  obtained; 
B,  beet  field  from  which  the  data  of  Figure  3  were  obtained;  C,  abandoned  farm  in  the  vicinity 
of  Twin  Falls,  Idaho,  which  is  representative  of  the  sites  used  for  observation  stations. 
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PLATE  2 


V  m 


Electric- Resistance  Thermometers  and  Soil  Thermographs 

A,  Elect ric'-rcsistiince  tliprinoniolors  aiui  soil  tluM-monrapli  used  i»  obtaining  the  winter  data  pre- 
sented in  Tabic  3;  H,  electric-resistance  tliernionieter  and  soil  thermograph  in  summer  environ- 
ment in  the  same  location  shown  in  A.    'I'he  data  are  presented  in  Tables  4  and  r>. 
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thermometer  set-up  was  not  available  the  first  winter.  These  same 
data  are  graphically  presented  in  Figures  5,  6,  and  7.  The  striking 
thing  during  all  three  winters  was  the  difference  between  soil-surface 
and  standard-shade  temperatures.     In  every  case  of  low  minimum 
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Figure  4.— Temperature  and  humidity  records,  week  ended  May  7,  1928,  Twin  Falls,  Idaho:  A, 
Hygrothermograph  record,  standard  shade;  B,  soil-surface  temperatures;  C,  hygrothermograph 
record  from  climate-simulation  experiments 

air  temperatures  the  temperature  at  the  soil  surface  was  kept  up  by 
the  insulating  effect  of  snow  cover.  The  pronounced  differences 
between  maxima  for  the  1925-26  season  are  probably  due  to  the  fact 
that  a  fence  built  to  protect  the  thermograph  against  wandering  stock 
sheltered  the  thermograph  too  well.  During  the  winters  of  1926- 
27  and  1927-28  the  soil  thermograph  was  in  identically  the  same 
position.     (PL  2,  A.) 
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Figure  6.— Dally  maximum  and  minimum  temperatures  at  soil  surface 
and  in  standard  sliade,  Twin  Falls,  Idaho,  winter  of  1925-26 


Table  2. — Winter  temperatures  at   Twin  Falls,  Idaho,  1925-26,   1926-27, 

1927-28 


and 


Dec.  1. 
2. 
8. 

4. 

6. 
6. 

7. 


Date 


1925-26 


Standard 
shade 


Soil  ther- 
mograph 
at  surface 


1926-27 


Standard 
shade 


Soil  ther- 
mograph 
at  surface 


S 

;^ 

32 
40 
39 
35 
33 


1927-28 


Standard 
shade 


50 
67 
42 
45 
49 
32 
31 
37 
37 
36 
29 
85 
40 
26 
34 
37 
30 
28 


Soil  ther- 
mograph 
at  surface 
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Table  2. — -Winter  temperatures  at   Twin  Falls,   Idaho, 

1927-28— ContinnQd 


r,    1926-27,   and 


1927-28 
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Table  3  records  data  obtained  during  the  winter  months  in  con- 
nection with  hibernation  studies.  The  data  for  1927-28  are  more 
complete  than  those  for  1926-27  in  that  readings  were  taken  through 
the  vertical  range  of  the  environment,  so  that  the  temperature  records 
were  obtained  for  four  points — soil  surface,  6  inches  abo.ve  the  surface, 
27  inches  above  the  surface,  and  the  standard  shade  of  a  Weather 
Bureau  shelter.  A  study  of  these  records  reveals  an  interesting  pic- 
ture of  the  temperature  relations  existing  within  this  vertical  range. 
The  6-inch  level  was  consistently  the  coldest;  on  the  other  hand,  the 
maxima  at  that  height  were  higher  than  at  any  of  the  other  points. 
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Figure  6. — Daily  maximum  and  minimum  temperatures  at  soil  surface 
and  in  standard  shade,  Twin  Falls,  Idaho,  winter  of  1926-27 

Above  6  inches  the  air  cools  off  as  reflection  from  the  earth's  surface 
is  dissipated,  and  thus  the  maxima  decrease.  The  minima  increase 
as  the  cold  air  sinks  to  the  lower  levels.  The  soil  surface,  protected 
often  by  a  thin  snow  covering,  has  the  highest  minima  and  the  lowest 
maxima. 

There  is  a  close  similarity  between  the  mean  temperatures  of  the 
soil  surface  and  standard  shade  for  both  winters.  By  comparing  this 
season  with  that  of  1926-27,  it  will  be  observed  that  the  daily  records 
from  standard  shade  and  soil  surface  differ  widely,  particularly  with 
respect  to  minima.  The  temperatures  at  the  soil  surface  are  evidently 
highly  '^niffered"  against  great  extremes,  and  this  fact  is  of  the 
greatest  importance  m  considering  temperature  in  relation  to  insect 
hibernation. 


ECOLOGICAL  STUDIES  OF  THE  BGET  LEAF  HOPPER 


13 


£>^C^/^3^/^ 


z^^^/^^^/QV 


Figure  7. — Daily  maximum  and  minimum  temperatures  at  soil  sur- 
face and  in  standard  shade,  Twin  Falls,  Idaho,  winter  of  1927-28 
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Table  4  records  temperature  data  taken  during  the  season  of  1927 
through  the  same  vertical  range  as  recorded  during  the  preceding 
winter  (Table  3).  For  purposes  of  comparison,  the  standard-shade 
readings  for  1926  are  added.  Table  5  gives  the  data  in  greater  detail 
for  the  first  two  months.     (PL  2,  B.) 


Table  4. 


■Temperature  records  for  the  period  of  activity  of  Eutettix  tenellus  at 
Twin  Falls,  Idaho,  March- November,  1926  and  1927 


Standard-shade  temper- 
atures    (thermograph 
in     Weather    Bureau 
shelter) 

Free-air 

temperatures  in  1927   (electric-resistance   ther- 
mometers and  Engelhardt  recorder) 

1926 

1927 

Soil  surface 

6  inches  above 
surface 

27  inches  above 
surface 

Week  ended 

a 
< 

1 

t 

> 

a 
>> 

o 

5 

>> 

> 

a 

>> 

73  03 

>. 

'3 
o 

> 

< 

a 
>> 

h 

a 

1 

< 

a 
>^ 

'S 
o 

1 

i 

<»  3  w 
bCQ.C 

m 

< 

a 
< 

CI 

a 

'3 

> 
<! 

1 
o 

1-^ 

i§ 

'S  £ 

l|i 

lia 
< 

^a 

> 

< 

a 

a 

"3 

■C  03 

^a 

<v 

< 

a 
1 

i 

ll 

^^a 

■3  2 

0)  3  CO 
-5" 

Mar.    8 

°F. 
50 
41 
59 
52 

°F. 
22 
30 
33 
9A 

°F. 
36 
36 
46 
40 

°F. 
52 
48 
41 
53 

°F. 
28 
28 
25 
31 

°F. 
40 
38 
33 
42 

°F. 
74 
68 
58 
80 

op 

31 
32 
28 
27 

°F. 
52 
50 
43 
63 

°F. 
46 
42 
42 
44 

°F. 

°F. 

°F. 

op 

op 

op 

op 

°F. 

15 

22 

1 

29 

_ 

"    "i            1            ! 

Mean 

50 

47 
60 
71 
67 

28 

27 
35 
40 
40 

37 
47 
55 
53 

48 

28 

70 

29 

1 

1 

Apr.     5 

51 
50 
49 
61 

31 
30 
31 
30 

41 
40 
40 
45 

74 
84 
70 
80 

29 
30 
29 
24 

51 
57 
49 
62 

44 
47 
42 
43 

86 
85 

76 

34 
29 
35 

60 
57 
66 

49 
66 
61 

Ap     ^^ 

19 

54 
59 

32 
23 

43 
41 

42 

26... 

44 

Mean 

61 

35 



62 

30 



77 

28 

! 

' 

May    3... 

76 
61 
70 
76 
68 

45 
39 
42 
48 
44 

60 
50 
66 
61 
66 

70 

57 
76 
57 
61 

41 
36 
44 
38 
39 

55 
46 
60 
47 
50 

92 
96 
105 
80 
99 

30 
37 
43 
36 
43 

61 
66 
74 
58 
71 

53 
54 
66 
63 
62 

81 
76 
101 
80 
92 

33 
37 
43 

41 
42 

57 
66 
72 
60 
67 

54 
51 
59 
59 
63 

69 
68 

87 
66 
84 

27 

37 
44 
39 
43 

48 
52 
65 
62 
63 

49 

10.:.::::::: 

49 

17... 

65 

21 

50 

31 

60 

Mean 

70 

84 
81 
72 
95 

83 

90 
81 
94 
86 

44 

50 
55l 
45 
51 



64 

40 



94 

38 

86 

•^Q 

75 

38 

— 

June    7 

67 
68 
58 
73 

71 
77 
81 
82 

42 
49 
61 
61 

56 
63 
66 
66 

95 

UIO 

1J09 

110 

61 
65 
50 
51 

73 
83 
79 
80 

64 
78 
76 
80 

95 
108 
101 
108 

50 
60 
47. 
56 

72 

79 
74 

82 

65 
76 
71 
80 

83 
102 

93 
101 

47 
62 
49 
49 

66 
82 
71 
75 

62 

14 

75 

21... 

69 

28 

76 

Mean 

50 

58 
55 
60 
51 

74 

68 

77 
68 

78 

80 

89 
86 
91 

48 

65 
54 
54 
57 

67 

71 
70 

74 

106 

52 

103 

60 

95 

49 

July     5 

110 
110 
110 
110 

60 
51 
60 
57 

80 
80 
85 
83 

77 
81 
81 
82 

99 
107 
103 
107 

47 
47 
50 
53 

73 

77 
76 
80 

70 

75 
74 
78 

95 
101 

96 
103 

50 
50 
63 
56 

72 

75 
74 
79 

71 

12 

76 

19 

74 

26 

77 

88 

89 
86 
86 
80 

87 

56 

86 

90 

88 
76 
89 
83 

65 

56 
53 

48 
55 

48 



110 

64 

106 

49 

99 

52 

Aug,     2 

57     73 

73 
71 
62 
72 
65 

110 
110 
110 
110 
110 

54 
53 
49 
75 
74 

82 
81 
74 
92 
92 

81 
81 
79 
94 
94 

108 
103 

no 

107 
107 

51 
49 
46 
50 
46 

79 

76 
78 
78 
76 

76 
76 
74 
76 
72 

99 
100 
103 

91 

64 
52 
49 
45 

76 
76 
76 
68 

75 

9 

58 
54 
54 
55 

72 
70 
67 
71 

74 

16 

75 

23 

68 

30 

Mean 

86 



56 

86 

52 

.... 

110 

.61 

107 

48 

98 

50 



- 

1 



1  Limit  of  machine's  capacity  to  register. 
119346—30 2 
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Table  4. — Temperature  records  for  the  period  of  activity  of  Eutettix  tenellua  at 
Twin  Falls,  Idaho,  March-November,  1926  and  1927 — Continued 


Standard-shade  temper- 
atures    (thermograph 
in     Weather     Bureau 
shelter) 

Free-air  temperatures  in  1927   (electric-resistance   ther- 
mometers and  Engelhardt  recorder) 

1926 

1927 

Soil  surface 

6  inches  above 
surface 

27  inches  above 
surface 

Week  ended 

1 

< 

a 
1 

1, 

> 
•< 

>> 
'3 

•s 

1 

a 
1 

o 
> 

a 

< 

a 
0 
>> 

■O  OS 
< 

o 

{ 

< 

n 
11 

<D  3  CO 

tccxa 

m 

a 
>> 

•5-S 

1 

1 
< 

>> 
o 

< 

if 

•5 

>> 

X5  08 

o  - 

1 

< 

.3 

a 
>» 

"a 

•a  08 

^a 

o  — 

1 
1 

•< 

a 
>> 

o 

> 
< 

>.g 

11 
111 

Sept.    6 

op 

71 
77 
70 
62 

"F. 
42 
42 
40 

27 

op 

56 
59 
55 
44 

78 
69 
76 
69 

op 

48 
42 
45 
38 

'F. 
63 
56 
60 
53 

op 

110 

98 
106 
109 

op 

46 
39 
37 

47 

op 

78 
68 
71 

78 

op 
60 

op 
96 

op    op 
43  1  69 

66 
53 
68 
69 

op 

88 
71 
84 
81 

"F. 
43 
38 
37 
42 

°F. 
65 
54 
60 
61 

54 

^    13 

60  1  79 
62     93 

38  '  68 
35     64 
41     64 

54 

20u - 

57 

27            -     - 

65 

88 

RQ 

]Mean 

70 

64 
68 
71 
69 

38 

76 

61 
69 
74 
80 

43 

44 
30 
35 
36 

52 
44 
54 

57 

106 

91 
91 
99 
105 

42 

36 
24 
28 
30 

89  1  39 

81  1  40 

1 







Oct.     4 

35 
34 
39 
36 

49 
51 
55 
52 

63 
57 
63 
67 

63 
49 
53 
66 

73 
72 
72 

89 

36     54 
27     49 
29     50 
29  1  59 

62     66 

38 
27 
30 
32 

52 
45 
52 
57 

50 

11 

47 
48 
53 

63 
75 
83 

44 

18 

51 

25 

54 

Mean 

68 

"eo" 

68 
53 
49 
48 

36 

68 

56 
63 
46 
62 
60 

36 

86 

74 

29 
41 

76 

30 

72 

32 

i9~f4r 

40     51 
33  !  39 
36  1  45 
36     42 

57 

1 

.. 

Nov.    1       

34 
28 
30 
32 
37 

47 
43 
41 
40 
4?. 

60 

69 

41 

55 

47 

85 

43  1  54 

48 

8 

15 

1 

22        

58 
53 

33 
29 

45 
41 

39 
36 

56 
54 

31  ;  43 

28  1  41 

40 
35 

66 
52 

33 
31 

44 

41 

29 

37 

Mean 

54 

32    

53 

37    -  — 

61 

34 

69 

33 

64 

36 

Table  5. — Daily  temperature  maxima  and  minima  for  March,  April,  and  May^ 
1927,  at  Twin  Falls,  Idaho 


Standard  shade 

Soil  surface 

Date 

Maxi- 
mum 

Mini- 
mum 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

Aver- 
age of 
hourly 
means 

Ratio  of 

standard 

shade 

to  soil 

surface 

Solar 
radiation 
persquare 
centi- 
meter 

Mar.  1 

op 

55 
50 
60 
47 
46 
47 
54 
50 
38 
42 
45 
59 
61 
47 
34 
40 
37 
37 
39 

op 

27 
29 
26 
28 
28 
34 
25 
30 
25 
22 
27 
30 
37 
28 
26 
22 
28 
23 
25 

op 
41 
44 
43 
37 
37 
40 
39 
40 
31 
32 
36 
44 
49 
37 
29 
31 
32 
30 
32 

op 

75 
83 
82 
65 
67 
86 

op 

29 
31 
30 
34 
30 
32 

'F. 
53 

57 
56 
42 
48 
59 

50 
47 
49 
44 
41 
45 

a  73 
.73 
.73 
.85 
.68 
.54 

Gram 
calories 

2 

3 

41 

5      . 

6 

7 

81 

59 
63 
76 
77 

35 
33 
28 
34 

47 
48 
52 
65 

44 

39 
42 
43 

.84 
.60 
.66 
.58 

91 

10 

11 

12 

131 

141 

161 

18 

171 

47 
34 

29 

28 

1! 

33 

.78 
1.08 

181 

191 

1  Precipitation. 
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Table  5. — Daily  temperature  maxima  and  minima  for  March,  April,  and  May, 
1927,  at  Twin  Falls,  /(ia/io— Continued 


Standard  shade 

i 

Soil  surface 

Date 

Maxi- 
mum 

Mini- 
mum 

Mean 

j  Maxi- 
mum 

Mini 
mum 

Mean 

Aver- 
age of 
hourly 
means 

Ratio  of 

standard 

shade 

to  soil 

surface 

Solar 
radiation 
per  square 
centi- 
meter 

Mar,  20 -- 

op 

46 
49 
52 
60 
48 
50 
49 
59 
53 
58 
58 
48 
48 
54 
45 
51 
57 
58 
62 
49 
41 
46 
37 
44 
46 
57 
57 
45 
51 
48 
41 
47 
61 
64 
64 
74 
81 
85 
71 
70 
70 
76 
67 
55 
66 
60 
60 
60 
46 
51 
56 
64 
62 
68 
76 
86 
87 
88 
90 
60 
58 
61 
49 
56 
61 
70 
80 
62 
61 
46 
52 
59 
58 

°F. 
24 
31 
35 
30 
33 
23 
31 
32 
35 
27 
25 
37 
32 
36 
31 
29 
28 
38 
38 
33 
22 
16 
30 
32 
32 
29 
35 
30 
23 
30 
38 
19 
18 
36 
35 
31 
37 
40 
50 
43 
40 
36 
43 
38 
32 
38 
36 
42 
36 
34 
39 
39 
46 
45 
43 
44 
46 
47 
41 
37 
40 
35 
35 
36 
42 
46 
42 
46 
38 
33 
36 
38 
38 

°F. 
35 
40 
43 
45 
40 
36 
40 
45 
44 
42 
36 
42 
40 
45 
36 
40 
42 
48 
50 
41 
31 
31 
33 
38 
39 
43 
46 
37 
42 
39 
39 
33 
39 
50 
49 
52 
59 
62 
60 
56 
55 
56 
55 
46 
49 
49 
48 
51 
41 
42 
47 
56 
54 
56 
59 
65 
66 
67 
56 
48 
49 
43 
42 
46 
51 
58 
61 
54 
49 
39 
44 
48 
48 

°F. 
69 
84 
75 
92 
73 
85 
80 
74 
81 
97 
95 
57 
63 
67 
66 

°F. 
28 
28 
28 
25 
28 
20 
30 
31 
30 
25 
25 
31 
30 
35 
28 

op 

48 
56 
61 
68 
50 
52 
56 
52 
56 
61 
60 
44 
46 
51 
47 

op 

47 
46 
43 
48 
45 
43 
45 
47 
43 
38 
46 
42 
42 
46 
42 

0.66 
.70 
.69 
.65 
.66 
.58 
.61 
.79 
.65 
.59 
.61 
.85 
.76 
.80 
.68 

Gram 
calories 

21      

22 

23      - 

24 

25 

26 

27  ... 

281 

29  -. - 

301           -       - 

31 

Apr.    11        

2  1 

294.9 

31        

356.6 

4. 

5     

93 
93 

97 
78 
71 
75 

26 
34 
33 
34 
30 
26 

59 
63 
65 
56 
50 
50 

49 
53 
56 
44 
36 
41 

.61 
.62 
.63 
.62 
.67 
.61 

649.9 

6  1 

611.8 

7 

622.2 

81 

359  1 

92 

372.8 

10 1           

683 

11  2 

439.6 

121 

382 

131 

289.1 

14     

666.3 

151 

76 
69 
75 
62 
67 
81 

32 
29 
31 
26 
22 
20 

64 
49 
63 
44 
39 
50 

44 
41 
44 
40 
37 
38 

.76 
.65 
.68 

.77 
.71 
.58 

404  7 

16. 

641.4 

17          ... 

590 

181 

308.4 

191        

416.5 

20 

736.7 

21 

677.7 

22 

438.3 

23 

i04 

32 

68 

56 

.61 

701.4 

24 

734.6 

25 

737.2 

26      

110 
89 

36 
42 

72 
66 

61 
55 

.77 
.79 

567.5 

27 

323 

28 

717.7 

29 

99 
99 
65 

35 
29 
12 

67 
64 
38 

66 
63 
33 

.70 
.76 
1.03 

748.2 

30 

704.7 

May   1 

273.6 

2 

673.5 

3 

1 

573 

4 

i56  1 

no 

no 

72 

70 

92 
100 

92 

95 
107 

no 
no 
no 

84 
84 
70 

36 
33 
42 
41 
32 
34 
38 
44 
42 
43 
45 
46 
46 
38 
36 
41 

68 
71 
76 
66 
5] 
63 
69 
68 
68 
75 
77 
78 
78 
61 
60 
66 

57 
60 
68 
45 
44 
61 
56 
61 
61 
68 
71 
71 
74 
61 
56 
49 

.60 
.54 
.64 
.63 
.72 
.60 
.64 
.67 
.71 
.71 
.78 
.79 
.80 
.93 
.71 
.82 

689 

5      

675 

6  1 

478.4 

72 

147.8 

82 

200 

9 

451.7 

10      . 

639.5 

11  1 

715.4 

12 

712 

13 

740.3 

14 

840.6 

15  .  . 

719.2 

16 - 

700 

17... 

798.5 

18 

537.7 

192 

309 

20 

546.4 

21  1 

78 
85 
84 
90 

no 

91  1 

97  1 

34 
35 
41 
43 
42 
45 
46 

56 
60 
62 
66 
76 
68 
71 

48 
51 
55 
63 
65 
61 
59 

.62 
.65 

.72 
.77 
.72 
.68 
.62 

323.2 

22  1 

231 

24 

251 

26 

271 

282    . 

29... 

70  1 

'   37 

53 

61 

.74 

30  1 _ 

31  1 

83  1 

40 

61 

61 

.69 

1  Precipitation. 


Heavy  precipitation  (0.25  inch). 
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The  absorption  of  heat  by  the  soil  and  the  gradual  dissipation  of 
reflected  heat  as  the  distance  from  the  soil  is  increased  is  clear  from 
the  record.  The  record  for  the  early  months  is  of  especial  significance. 
There  is  a  marked  difference  in  mean  maxima  for  the  months  of 
March  and  April  between  standard-shade  and  soil-surface  tempera- 
tures. While  the  standard-shade  thermograph  was  recording  tem- 
peratures below  or  barely  at  the  temperature  of  activity,  the  insect 
had  available  temperatures  ranging  from  favorable  to  almost  opti- 
mum. Since  these  records  were  taken  at  a  point  considered  an  aver- 
age of  a  typical  environment,  it  can  readily  be  seen  that  even  a  slightly 
more  favorable  position  (south  slope,  sandy  soil)  would  bring  the 
insect  to  optimum  temperature  conditions  for  a  portion  of  the  day. 
By  comparing  the  standard-shade  temperatures  of  1927  with  those  of 
1926,  it  will  be  noted  that  the  latter  had  maxima  very  much  higher 
than  the  former.  Since  it  can  be  reasonably  considered  axiomatic 
that  temperatures  in  the  same  place  in  the  same  environment  bear 
the  same  relationship  to  standard-shade  temperatures  from  year  to 
year  (excluding  such  considerations  as  changed  covering,  plant  suc- 
cessions, etc.),  optimum  temperatures  must  have  prevailed  under 
the  1926  condition  early  in  the  season  to  a  much  greater  extent  than 
in  1927.  As  a  matter  of  fact,  the  migration  of  E.  tenellus  into  the 
beet  fields  occurred  earlier  in  1926  than  in  any  other  year  for  which 
records  are  available. 

The  spring  of  1927  was  decidedly  cooler  than  that  of  1926,  as  refer- 
ence to  Tables  4  and  6  will  show.  In  spite  of  this,  however,  the  data 
of  Table  4  indicate  that  optimum  temperature  conditions  prevailed 
in  1927  in  May.  When  optimum  temperatures  have  been  reached, 
any  further  warming  up  of  the  environment  is  not  necessarily  followed 
by  a  diminished  activity  on  the  part  of  the  insect,  since  within  the 
vertical  range  of  the  environment  there  are  temperatures  available 
still  within  optimum  limits.  The  data  for  June,  July,  and  August 
illustrate  how  the  seasonal  march  of  temperature  gradually  estab- 
lishes optima  through  the  vertical  range,  incidentally  coincident  with 
the  vertical  movement  of  the  insect's  food  supply.  In  September 
and  October  of  1927,  when  the  freshly  germinated  mustards  at  ground 
level  were  the  sources  of  the  insect's  food  supply,  the  optima  still 
obtained  at  that  point.  As  far  as  temperatures  are  concerned,  the 
significant  periods  are  in  the  early  spring  and  fall;  the  onlv  difference 
in  total  temperature  effect  between  the  two  seasons  will  be  due  to 
the  difference  in  time  required  to  establish  and  disestablish  the  opti- 
mum. The  conditions  in  the  fall  of  the  year  leading  to  the  disestab- 
lishment of  the  optima  are  significant,  affecting  as  they  do  the  size 
of  the  third  generation  and  consequently  the  overwintering  population. 

Table  6  presents  environmental  data  comparing  the  sprmg  seasons 
of  1926  and  1927.  Temperatures  are  recorded  in  terms  of  areas  in 
square  inches  above  the  three  base  lines,  40°,  50°,  and  60°  F.  These 
areas  were  measured  with  a  polar  planimeter,  and  the  figures  in  the 
table  represent  the  actual  areas  in  square  inches  below  the  thenno- 
graph  curve  and  above  the  three  base  lines.  The  spring  of  1926 
opened  up  much  earlier  than  did  that  of  1927.  The  sunshine  data 
also  indicate  this.  Precipitation  was  similar  in  both  years  for  March 
and  April.  The  month  of  May  in  both  years  was  characterized  by 
abnormal  rainfall,  but  in  1927  the  plus  deviation  from  the  normal 
was  very  great. 
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Table  6.- — Comparison  of  meteorological  data  of  the  spring  of  1926  with  those  of 

1927,  Twin  Falls,  Idaho 


Date 

Measure    of   tempera- 
ture    in     standard 
shade    expressed    as 
square  inches  of  sur- 
face on  the  thermo- 
graph record  between 
the  curve  and  a  given 
base  line 

Sky 

Precip- 
itation 

Week  ended 

Above 
40°  F. 

Above 
50°  F. 

Above 
60°  F. 

Clear 

Partly 
cloudy 

Cloudy 

1926 
Mar  8 

Sq.in. 
2.03 
0 

3.44 
1.87 

Sq.  in. 

0.47 

0 

.50 
.55 

Sq.  in. 

0 

0 
.18 
.06 

Days 

Days 

Days 

Inches 
0 

15                   

.26 

22 

(0 

29 

.02 

7.34 

1.52 

.24 

19 

8 

^ 

.28 

Apr.  5 

.86 
2.26 
5.24 
5.50 

.12 
1.06 
3.00 
2.10 

0 

.09 
1.07 

.57 

.06 

12 

.61 

19 

.52 

26 

0 

Accumulated  total 

21.20 

7.80 

1.97 

29 

26 

6 

1.47 

May  3  • 

9.60 
6.00 
6.87 
8.73 
6.10 

4.58 
1.24 
2.75 
4,63 
3.13 

2,00 
.33 
1.21 
1.67 
1.00 

0 

10 

.22 

17 

(0 

24 

.08 

31 

.01 

Accumulated  total 

58.50 

24.13 

8.18 

39 

47 

6 

1.78 

June  7 

10.97 
8.73 

7.40 
5.58 

5.75 
2.57 

(1) 

14 

(1) 

Accumulated  total- _ 

78.20 

37.11 

14.50 

1.78 

1927 
Mar.  7. 

1.05 
1.00 
.21 
1.53 

.20 
.20 
0 
.20 

0 
0 
0 
0 

(1) 

14 

(1) 

21 

.24 

28 

0 



Accumulated  total 

3.79 

.60 

0 

12 

16 

3 

.24 

Apr.  4 

1.47 

1.41 

.93 

4.07 

.20 
.209 
.12 
1.32 

0 
0 
0 
.40 

.20 

11 

.35 

18 

.83 

25 

(1) 

Accumulated  total 

11.67 

2.449 

.40 

21 

29 

9 

1.62 

May  2 

6.57 
4.73 
7.17 
3.06 
4.03 

3.10 
.61 
3.80 
1.08 
1.52 

1.35 

0 

1.70 
.30 
.57 

0 

9 

1.20 

16 

(0 

23 

.30 

30 

.74 

Accumulated  total .  . 

37.23 

12.  559 

4.32 

30 

46 

14 

3.86 

June  6...  .- 

6.10 
8.73 

2.75 
5.00 

.87 
2.33 

.04 

13 

(') 

Accumulated  total  . 

52.06 

20.309 

7.52 

3.90 

1  Trace. 

Table  7  compares  the  spring  seasons  of  1927  and  1928  in  greater 
detail  than  was  possible  for  1926  and  1927.  (Table  6.)  In  Table  7 
the  soil-surface  temperatures  are  also  listed,  in  terms  of  square  inches 
on  the  thermograph  record,  four  bases,  40°,  50°,  60°,  and  70°  F., 
being  used.  March  temperatures  in  1928  w^ere  much  higher  than  in 
1927.     This  early  opening  up  of  the  season  in  1928  was  important, 
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since  it  started  the  ^owth  of  desert  host  plants  and  initiated  activity 
of  the  insect.  Precipitation  was  heavier  in  March  and  April  of  1928, 
but  for  the  entire  period  considered  it  was  much  more  uniformly 
distributed  in  1927.  Rainfall  in  1928  during  this  period  came  in 
isolated  storms  with  extremely  dry  periods  between.  Atmometer 
records  are  not  available  prior  to  the  last  week  in  April,  but  soil- 
moisture  records  (Table  40)  give  indications  of  the  extremely  drying 
winds  during  that  month.  Comparison  of  the  evaporation  records 
for  the  two  seasons  shows  31  per  cent  more  evaporation  in  1928  than 
in  1927.  The  atmometer  cups  and  pyrheliometer  used  are  shown  in 
Plate  3. 


Table  7. — Comparison  of  meteorological  data  of  the  springs  of  1927  and  1928, 

Twin  Falls,  Idaho 


Date 

Measure    of   tempera- 
ture     in      standard 
shade    expressed    as 
square  inches  of  sur- 
face on  the  thermo- 
graph record  between 
the  curve  and  a  given 
base  line 

Measure  of  temperature  at  soil 
surface  expressed   as  square 
inches  of  surface  on  the  ther- 
mograph record  between  the 
curve  and  a  given  base  line 

Solar 
radia- 
tion per 
square 
centi- 
meter 

Evapo- 
ration 

Precip- 
itation 

Wind 
move- 
ment 

Week 
ended 

Above 
40°  F. 

Above 
50°  F. 

Above 
60°  F. 

Above 
40°  F. 

Above 
50°  F. 

Above 
60°  F. 

Above 
70°  F. 

1927 
Mar.    7 

Sq.  in. 
1.05 
1.00 
.21 
1.53 

Sq.  in. 
0.20 

.20 
0 

.20 

0 
0 
0 

Sq.  in. 

2.64 

1.92 

.73 

3.33 

Sq.  in. 
1.32 

.58 

.26 

2.75 

Sq.  in. 

0.55 

.10 

.04 

1.01 

Sq.  in. 

I 

.23 

Oram 
calories 

C.c. 

Inches 
(•) 
(') 
0.24 
0 

Milu 

14... 

21 

28 

Accumu- 
lated 
total 

3.79 

.60 

0 

8.62 

4.91 

1.70 

.23 

.24 

Apr.     4... 
11..- 
18..- 
25... 

1.47 

1.41 

.93 

4.07 

.20 
.209 
.12 
1.32 

0 
0 
0 
.40 

3.00 
3.29 
2.23 
4.66 

1.24 
1.90 
1.00 
2.37 

.43 
1.16 
.32 

1.27 

.20 
.55 
0 
.90 

■3,'89i.'8' 
3, 416.  7 
4,012.6 

Ii.'ts' 

.20 
.36 
.83 

0 

""97i."2 
1,094.7 

Accumu- 
lated 
total... 

11.67 

2.449 

.40 

21.80 

11.42 

4.88 

1.88 

11,321.1 

31.78 

1.62 

2,066.9 

May     2... 
9.-. 
16... 
23... 
30... 

6.57 
4.73 
7.17 
3.06 
4.03 

3.10 
.61 
3.80 
1.08 
1.52 

1.35 
0 

1.70 
.30 

.57 

5.23 
5.38 
8.90 
4.44 
6.21 

3.66 
3.12 
6.00 
3.00 
3.40 

2.67 
1.94 
3.38 
1.66 
2.00 

1.84 

1.30 

2.27 

.72 

.95 

4,  073.  9 
4,  316.  3 
4,  718.  6 
3,  214.  8 

67.56 
27.08 
45.66 
48.14 
44.41 

0 
1.20 

.74 

1,048.7 
1,  180.  9 
839.4 
1.319.3 
1, 447.  2 

Accumu- 
lated 
total... 

37.23 

12.  659 

4.32 

61.96 

30.60 

16.53 

8.96   27,644.7 

264.62 

3.86 

7,901.4 

June     6... 
13... 

6.10 
8.73 

2.75 
6.00 

.87 
2.33 

9.30 
12.00 

5.50 
8.07 

2.69 
6.69 

1.  66  1  1.  286.  3 
4.63  1  4,580.9 

37.61 
66.70 

.04 

1, 169. 7 
911.5 

Accumu- 
lated 
total... 

62.06 

20.309 

7.62 

73.26 

44.17 

24.91 

1 

15.  26  '33, 610. 9 

358.03 

3.90 

9.082.6 

1928 
Mar.     5... 

.21 
1.80 
1.13 
3.60 

0 
.24 
.34 

1.41 

0 
0 
0 
.33 

.90 
2.60 
3.92 
3.78 

.41 
1.41 
2.55 
2.52 

.009 
.72 
1.41 
1.15 

0 
.20 
.76 
.70 

0 

.70 
(') 

.92 

12... 

19... 

2fi... 

Accumu- 
lated 
total... 

G.  64 

1.99 

.33 

11.10 

6.89 

3.289 

1.66 

1.62 

■ 

Trace. 
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Table  7. 


omparison  of  meteorological  data  of  the  springs  of  1927  and   1928, 
Twin  Falls,  Idaho — Continued 


Date 

Measure    of   tempera- 
ture     in      standard 
shade    expressed    as 
square  inches  of  sur- 
face on  the  thermo- 
graph record  between 
the  curve  and  a  given 
base  line 

Measure  of  temperature  at  soil 
surface  expressed  as  square 
inches  of  surface  on  the  ther- 
mograph record  between  the 
curve  and  a  given  base  line 

Solar 
radia- 
tion per 
square 
centi- 
meter 

Evapo- 
ration 

Precip- 
itation 

Wind 
move- 
ment 

Week 
ended 

Above 
40°  F. 

Above 
50°  F. 

Above 
60°  F. 

Above 
40°  F. 

Above 
50°  F. 

Above 
60°  F. 

Above 
70°  F. 

1928 
Apr.      2 

Sq.  in. 
1.00 

.58 
1.81 
1.83 
5.89 

Sq.  in, 

0.12 

0 

.25 

.54 

3.07 

0 

0 
.006 
.91 

Sq.  in. 
1.24 
3.18 
3.80 
4.48 
7.53 

Sq.  in. 
0.41 
1.63 
2.27 
2.60 
4.78 

.86 
1.23 
1.79 
3.30 

Sq.  in. 

0 

.26 
.38 
.61 

2.17 

Gram 
calories 

C.c. 

Inches 

0.56 

.21 

.  14 

.05 

0 

Miles 

9_.- 
16--. 
23.  __ 
30... 

2, 912. 4 
2, 425. 6 
2,401.7 
2,512.0 

"'48.' 05" 

i,i86."8 
1, 340.  7 

Accumu- 
lated 
total... 

17.75 

5.97 

1.246 

31.33 

18.58 

10.  469 

5.07 

10,  251.  7 

48.65 

2.58 

2,521.5 

May     7  __ 

6.09 
5.87 
7.81 
10.60 

3.39 
4.34 
5.30 
6.78 

1.66 
1.85 
1.73 
3.60 

5.54 
13.40 
14.52 
15.05 

4.37 
10.18 
11.35 
11.55 

4.32 
7.30 
8.86 
8.68 

3.12 
5.13 
6.43 
4.06 

69.12 
62.40 
62.13 
71.47 

0 

(0 

.10 
.06 

1,  173.9 

14.  _. 



1,  014.  7 

21 

814  0 

28... 

918.9 

Accumu- 
lated 
total... 

48.12 

25.78 

10.  086 

79.84 

56.03 

39.  629 

23.81 

303.  77 

2.74 

6, 443.  0 

June     4  - 

5.52 

7.77 

3.18 
4.45 

1.34 

1.88 

14.09 
14.18 

10.63 
10.56 

8.23 
7.93 

6.30 
6.00 

78.85 
89.40 

0 

.53 

1  294  0 

11... 

1,  135.4 

Accumu- 
lated 
total 

61.41 

3.3.  41 

13.306 

108. 11 

77.22 

55.  789 

36.11 

472.  02 

3.27 

8,872  4 

I  Trace. 


EFFECT  OF  THE  PHYSICAL  FACTORS  ON  EUTETTIX  TENELLUS 


EFFECTS    OF   TEMPERATURE    AND   DIFFERENT   KINDS    OF   LIGHT   ON    PREOVIPOSITION 

PERIOD 

The  preoviposition  period  of  E.  tenellus  is  a  matter  of  much  int  erest 
Dissections  of  females  from  the  field  to  determine  the  progress  of 
egg  development  were  made  throughout  the  seasons  covered  by 
this  study. 

Dissections  of  females  captured  in  the  field  in  the  fall  show  that 
the  ovaries  of  hibernating  females  are  not  developed.  Rare  excep- 
tions to  this  occur.  The  ovaries  apparently  remain  undeveloped 
until  the  latter  part  of  February  or  early  March,  when  signs  of 
development  become  common  among  the  hibernants.  This  develop- 
ment of  ovaries  in  the  hibernating  females  is  apparently  not  entirely 
a  matter  of  temperature  effect,  but  must  be  preceded  by  a  rest  period 
for  the  ovary.  The  third  brood  of  E.  tenellus  was  active  during  the 
imusually  warm  October  and  November  of  1927,  but  no  changes 
were  observed  in  the  ovaries  during  that  time.  This  quiescence  of 
the  ovaries  w^as  not  due  to  lack  of  fertility  of  the  female,  since  sperm 
sacs  of  these  females  contained  sperm. 

Data  on  the  length  of  the  preoviposition  period  from  specimens 
kept  in  the  dark  at  constant  temperatures  are  listed  in  Table  8.  In 
this  table  the  source  of  the  females  used  is  given  at  the  head  of  each 
column.  ''Laboratory-reared  material"  consisted  of  females  w^hich 
were  not  more  than  24  hours  old  when  taken  from  the  breeding 
cages.  The  colonies  in  these  cages  were  old  and  had  been  main- 
tained in  the  greenhouse  for  a  long  time. 
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Table  8. — Preoviposition  periods  of  Eutettix  tenellus  kept  at  different  temperatures, 
showing  numbers  of  days  required  to  reach  certain  stages  of  development 


Laboratoryrteared 
material 

Summer  material 

Hibemants  (late  fall) 

Hibernants  (January, 
1928) 

Tem- 
perature 

No  devel- 
opment 
in- 

Ova- 
ries 
devel- 
oped 
in- 

Ma- 
ture 
eggs 
in- 

No  de- 
velop- 
ment 
in- 

Ova- 
ries 
devel- 
oped 
in- 

Ma- 
ture 
eggs 
in- 

No  de- 
velop- 
ment 
in- 

Ova- 
ries de- 
veloped 

in— 

Ma- 
ture 
eggs 
in- 

No  devel- 
opment 
in- 

Ova- 
ries 
devel- 
oped 
in- 

Ma- 
ture 
eggs 
in- 

"F. 
8fi 

Day* 

Day* 

Day* 

Day* 

Day* 

Day* 

Day* 

37,  52 
36 

Day* 

Day* 
28,  28,  24, 
9,  28,  24, 
28,28,24 

Day* 
28,28 

Day* 

57 

38,51, 
52.60 

60 

21,27,41, 
58,78 
57,70 

62 

63, 101 

10, 15,  21 

8,10 

19 

70 

20 

7 

7,12 

12, 15, 21 
8,10 

75.      . 

3.  7, '9. 
10,12 

7,9 

10 

13,16 
13,13 

80 

88 

8 
10 

89 

5,8 

4 

3,4.4, 

100 

6 
10,14 

6,6,7 
10,14 

4 

100-60,'- 

7,9 

732 

100°  F.  from  9  a.  m.  to  5  p.  m.;  60°  from  5  p.  m.  to  9  a.  m. 


Average  for  24  hours. 


The  data  at  60°  and  62°  F.  for  the  laboratory  material  show  a 
long  preoviposition  period.  (Table  8.)  The  same  material  at  88° 
and  89°  and  a  combination  of  100°  and  60°  show  oviposition  periods 
which  indicate  much  speedier  development  than  the  temperature 
increment  above  62°  would  suggest.  In  common  with  the  time 
required  for  the  nymphal  period,  it  is  evident  that  at  temperatures 
in  the  vicinity  of  60°  and  below,  the  insect's  development  does  not 
follow  the  straight-line  growth  curve  {18,  SI).  The  results  of  experi- 
ments with  hibernants  captured  in  the  field  late  in  the  fall  are  interest- 
ing when  compared  with  those  from  the  laboratory  material  in  that 
they  indicate  either  greater  vigor  on  the  part  of  the  hibernants  or  a 
capacity  to  develop  at  lower  temperatures  than  is  the  case  with 
specimens  softened  through  several  generations  in  a  greenhouse. 
The  results  at  temperatures  between  70°  and  100°  for  the  late  fall 
hibernants  indicate  that  the  ovarian  rest  period  can  be  broken  by 
high  temperatures. 

In  January,  1928,  dissections  of  females  captured  in  the  field 
showed  no  signs  of  development.  The  results  of  experimen,ts  with 
these  forms  suggest  the  interesting  possibility  that  when  the  insect 
has  ^one  through  its  normal  winter  rest  period  it  is  much  more  sus- 
ceptible to  temperature  effects  than  before.  This  is  common  knowl- 
edge in  the  case  of  species  which  undergo  true  hibernation,  but 
E.  tenellus  does  not  undergo  true  hibernation. 

One  series  was  run  at  75°  F.  with  first-brood  material,  i.  e.,  fresh 
females  from  the  progeny  of  the  hibernants,  to  confirm  what  has 
been  repeatedly  demonstrated  by  dissection,  that  when  fresh  females 
appear  in  the  field  in  numbers  developed  ovaries  can  be  promptly 
found.  All  the  observations  on  this  point  during  the  four  summers 
have  shown  that  the  preoviposition  period  of  the  freshly  appearing 
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Plate  3 


ATMOMETER   CUPS   AND    PYRHELIOMETER 

A,   Atmometer  cups  used  in   obtaining  records   of  evaporation; 
B,  pyrheliometer  used  in  obtaining  records  of  solar  radiation. 
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females  in  the  spring  is  very  short  at  the  temperatures  prevaihng 
normally  at  that  time  of  the  year. 

Experiments  with  hibernants  which  were  kept  under  various  colored 
glasses  were  complicated  by  the  fact  that  the  temperatures  of  the 
checks  could  not  be  kept  similar  to  those  of  the  lighted  cages,  but 
these  differences  in  temperature  were  not  of  sufficient  magnitude  to 
explain  the  differences  in  development.  There  was  also  some  slight 
opportunity  for  reflected  light  to  penetrate  the  wire  sides  of  the 
check  cages.  There  is  evidently  great  variation  between  individuals, 
but  the  data  indicate  an  acceleration  of  ovary  development  in  the 
case  where  the  cage  was  lighted  through  Pyrex  (clear  neutral)  glass 
and  Corning  G-24  red  glass. 

The  data  from  a  number  of  experiments  on  the  effects  of  com- 
binations of  light  and  temperature  are  summarized  in  Table  9. 
From  this  table  it  is  seen  that  the  results  from  the  checks  are  not 
inconsistent  with  those  from  females  captured  in  January  which  were 
held  in  the  dark  for  the  period  of  the  experiment,  and  that  results 
from  the  lighted  cages  gave,  in  the  case  of  Pyrex  and  red  glass,  in- 
dications of  an  accelerative  action  of  the  light. 


Table  9. 


-Summary  of  experiments  on  effect   of  quality  of  light  on  preoviposition 
period  of  Euiettix  tenellus 


Kind  of  light 

Experi- 
ment 
No. 

No  develop- 
ment in— 

Ovaries 

developed 

in— 

Mature  eggs 
in— 

f             1 
J             2 
1             3 
I             4 
f             1 
I             2 
1             3 
I             4 
f             1 
J             2 
1             3 
I              4 
f              1 
I              2 
1              3 
I              4 
(              1 

2 
1              3 

4 

Days 

10 

7 

Days 

16, 16, 17 

Days 

16, 18 

9 

14, 16, 20,  22 

10,16 
11 

17 

7 

22 
10 

18 
16 

14,  2'J 

Blue  (Corning  "daylight")  

10 

14,22 
10 

20,  22,  22 

16 

Green  (,G401CZ,  3.45  mm  thick) 

9 

14,  20 

10,17 

7 

9,11,11 

14, 14,  20.  20, 

22,  22,  22 

10,  15,  21 

11 

16 

11 

11,11,  11 

22 

8,10 

Check,  in  darkness 

10,  ii,  ii 

January  hibernants,  62°  F.,  in  darkness 

22,22 
19 

MINIMUM    TEMPERATURES    FOR    OVIPOSITION 

Laboratory-reared  adults  were  placed  in  a  cabinet,  in  which 
fluctuating  temperatures  paralleling  outdoor  temperatures  were 
available,  for  periods  of  four  days.  At  the  end  of  these  periods  the 
cages  w^ere  removed  from  the  cabinet  and  the  insects  removed  from 
the  plants,  which  were  then  left  at  greenhouse  temperatures.  Proof 
that  oviposition  had  occurred  in  the  cabinet  was  obtained  in  every 
case.  The  temperatures  fluctuated  between  58°  and  31°  F.  Labora- 
tory and  hibernating  females  were  placed  in  cages  under  the  500-watt 
lamp  in  the  basement  at  temperatures  varying  from  53°  to  58°. 
In  both  cases  nymphs  were  obtained,  30  and  37  days  later,  respectively . 
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Owing  to  the  fact  that  the  females  in  both  of  these  experiments 
were  removed  from  a  heated  insectary,  there  is  a  possibiUty  that 
oviposition  may  have  been  due  to  a  continuation  of  the  activity  of 
the  females  for  a  time  in  spite  of  the  introduction  into  low  tempera- 
tures. A  somewhat  similar  indication  was  obtained  from  an  experi- 
ment in  the  same  cabinet  at  temperatures  fluctuating  between  64° 
and  28°  F.  Nymphs  were  introduced  into  the  cabinet  February  9, 
1928,  and  24  hours  later  practically  every  one  had  molted.  There 
was  no  further  change  until  March  17,  when  adults  emerged.  This 
^'physiological  momentum"  is  of  much  interest  and  some  practical 
significance.  If  the  insects  become  very  active  for  a  short  time,  as 
happened  later  in  March,  1928,  a  sudden  drop  in  temperature  does  not 
immediately  reduce  the  insects  to  inactivity,  but  may,  on  the  other 
hand,  stimulate  molting  or  oviposition.  This  unusual  activity  early 
in  the  spring  tends  to  spread  oviposition  over  a  longer  period  than 
normal. 

A  series  of  hibernating  adults  were  caged  in  the  same  cabinet 
during  February.  Table  10  summarizes  the  data  to  April  4.  It  is 
seen  that  while  the  preoviposition  period  was  completed  and  oviposi- 
tion occurred,  the  temperature  accumulations  were  not  sufficient  to 
bring  about  completion  of  the  egg  period.  On  being  removed  from  the 
cabinet  into  a  heated  insectary,  the  eggs  hatched  but  not  until  suffi- 
cient time  had  elapsed  to  indicate  that  very  little  development  had 
taken  place  in  the  cabinet.  By  comparing  the  temperature  ac- 
cumulations of  Table  10  with  those  for  1926  in  Table  6,  it  will  be 
observed  that  the  totals  of  1928  for  all  three  base  lines  are  higher 
than  those  of  1926,  even  when  counting  the  latter  to  the  end  of  May  3. 
This  is  striking  evidence  of  the  inadequacy  of  standard-shade  tem- 
perature accumulations  as  indicators,  since  the  first  generation  of 
1926  was  emerging  by  May  3  and  the  migration  followed  shortly 
afterwards. 


Table  10. — Temperature  accumulations  and  the  incubation  of  Eutettix  tenellus  in 
cages  at  Twin  Falls,  Idaho,  1928 


Date 

Cage  tyiie 

Temperature  accumulations  to  Apr. 
4  expressed  as  square  inches  of 
surface  on  the  thermograph  rec- 
ord between  the  curve  and  a  given 
base  line 

Time  re- 
quired for 

hatch  after 
removal 

Above  40° 
F. 

Above  60° 
F. 

Above  60° 
F. 

to  heated 
room 

fLipht 

Sq.  in. 
37.4 
37.4 
.     37.4 
37.4 
30.7 
30.7 
30.7 
37.4 

Sq.in. 

17 

17 

17 

17 

15.3 

15.3 

15.3 

17 

Sq.in. 
4.2 
4.2 
4.2 
4.2 
4.1 
4.1 
4.1 
4.2 

Da,.    ^ 

Feb.     4 

Dark 

g 

-.-.do 

12 

....do 

12 

18 

/Light 

g 

.do 

10 

20 

Dark 

14 
16 

4 

do 

EFFECTS    OF   TEMPERATURE    ON    THE    EGQ    PERIOD 

Table  1 1  records  the  incubation  periods  obtained  at  various  tem- 
peratures. There  is  evidently  little  or  no  stimulation  due  to  the 
alternating  temperatures  used.  The  optimum  temperature  is  evi- 
dently between  80°  and  100°  F.     At  temperatures  in  the  upper    half 
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of  this  range  it  is  probable  that  the  egg,  buried  as  it  is  in  the  tissues 
of  the  leaf,  is  not  subject  to  those  temperatures  constantly.  Readings 
made  with  a  fine  thermocouple  showed  that  considerable  difference 
existed  between  temperatures  in  the  petiole  and  those  in  the  air 
immediately  surrounding  the  plant,  those  in  the  plant  being  lower. 
These  differences  are  not  constant,  varying  from  1°  to  5°  C.  This 
fact  probably  accounts  for  the  similarity  in  length  of  egg  periods 
between  85°  and  100°  F. 


Table  11. — The  incubation  period  of  Eutettix  tenellus 


Constant  temperature 

Eggs  from  labora- 
tory-reared females 

Eggs  from  hiber- 
nant  females 

Eggs  from 
spring- 
brood 
females 

°  F. 
55                                                       

Bays 

30 

Days 

37 
31,48,31,29 

Daps 

66 

70       

21 

13, 14, 15,  15,  16, 18, 

19,19 

90-60  1 

70  2 

90-63  1 

17, 17, 17, 17 

12, 14, 14, 16. 16, 17 

72  2                                             .              _ 

100-601 

12,  22, 22 

73* 

76 

11,12,12,12,12,12, 

13,13 

10,11,11 

7,7,7,7,8,9 

7,8,8 

6,6,6,6,6,6,6,6,6,6, 

6,7,7,7,7,7,7,7,7,8 

80 

9,9 

85 

90 

6, 7, 7, 8, 8, 8, 11, 13 

6,  6,  7,  7,  8 

100 

I 


1  First  temperature  is  for  daytime,  9  a.  m.  to  5  p.  m.;  second  temperature,  5  p.  m,  to  9  a.  m. 

2  Average  for  24  hours. 

The  long  incubation  period  at  temperatures  of  70°  F.  and  below 
have  some  interesting  implications  when  the  temperatures  of  ovipo- 
sition  (see  above)  are  considered.  It  is  evident  that  oviposition  takes 
place  at  temperatures  which  are  not  favorable  for  the  development  of 
the  egg.  Should  the  early  spring  weather  remain  cool  for  some  time 
after  the  females  have  developed  their  ovaries,  oviposition  would  take 
place,  but  little  development  of  the  eggs  would  occur  until  more 
favorable  temperatures  have  been  reached.  The  effect  would  be  to 
bring  out  a  large  percentage  of  the  first  generation  at  approximately 
the  same  time.  Should  favorable  conditions  continue,  large  popula- 
tions would  naturally  result.  On  the  other  hand,  should  extremely 
unfavorable  conditions  prevail,  the  species  might  suffer  severe  re- 
verses. Such  a  difference  in  response  to  temperature  as  obtains 
between  oviposition  and  egg  development  is  an  instance  of  what 
might  be  termed  biological  checks  and  balances.  Normally,  for 
E.  tenellus,  egg  development  closely  follows  oviposition,  so  that  by 
the  time  the  last  eggs  are  laid  the  nymphs  from  the  first  have  devel- 
oped almost  to  maturity.  In  this  way  the  critical  stages  of  the  life 
cycle  are  spread  over  a  comparatively  long  period. 

TIME    REQUIRED    FOR    NYMPHAL    STAGES 

The  data  for  single  ins  tars  are  charted  in  Figure  8.  The  data  for 
the  last  instar  are  at  the  left  of  the  figure;  for  the  other  instars,  on 
the  right.     The  last  instar,  on  the  average,  takes  longer  than  any  of 
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the  others.  The  few  cases  where  exact  time  was  obtained  on  the  first 
instar  suggest  that  it  also  is  sHghtly  longer  than  instars  in  between, 
but  the  data  are  included  in  the  right-hand  section  of  the  figure. 
The  insets  are  the  reciprocals.  In  the  plotting  of  the  reciprocals,  the 
points  at  which  the  greatest  number  of  cases  occurred  are  indicated 
by  ''x."  The  curve  drawn  through  the  points  representing  the 
greatest  frequencies  is  the  rate-of-development  curve.  In  the  case  of 
the  last  instar  a  line  is  obtained  which  indicates  in  general  the  reac- 
tions reviewed  at  some  length  by  Shelf ord  {31).  At  temperatures  over 
100°  F.  there  is  a  falling  off  in  the  rate,  while  at  60°  F.  the  relationship 
again  ceases  to  approximate  a  straight  line.  This  suggests  that  factors 
other  than  temperature  were  operating.  The  data  for  instars  other 
than  the  last  show  a  more  scattered  grouping  of  the  points;  the 
falling  off  at  high  temperatures  is  clear,  however. 

The  data  showing  the  time  required  to  pass  through  the  entire 
nymphal  period  are  presented  in  Table  12. 

Table  12. — Elapsed  time  from  hatching  of  eggs  to  emergence  of  adults  of  Eutettix 
tenellus  under  varying  temperatures 


Constant  temperature 


o  p 

65 '. 

90,  9  a.  m.  to  5  p.  m 
60,  5  p.  m.  to  9  a.  m 
90,  9  a.  m.  to  5  p.  m 
63,  5  p.  in.  to  9  a.  m 
80 


Time  from  hatching 
to  emergence 


Days 
No  completion. 

^19,  21,  23,  24,  26,  28. 

>18,  18,  18,  21,  22,  25,  25. 
22,  23,  24,  25. 


Constant  temperature 


o  p 

63,  9  a.  m.  to  5  p.  m 
90,  5  p.  m.  to  9  a.  m 
90 

100... 


Time  from  hatching 
to  emergence 


Days 

[25. 

13,  13,  14,  14,  14,  15,  16, 
16,  17,  18,  19,  19. 

9,  9,  13,  13,  13,  13,  14,  14, 
15,  15,  15,  15,  17,  17. 


CLIMATE-SIMULATION    EXPERIMENTS 


The  reactions  of  insects  to  constant  temperatures  are  interesting 
physiologically,  but  it  is  extremely  difficult,  if  not  impossible,  to 
translate  these  data  in  terms  of  the  temperatures  encountered  in  the 
field.  Shelf  ord  (31)  records  data  obtained  through  climate-simulation 
experiments.  An  attempt  has  been  made  in  this  study  to  initiate 
similar  experiments.  A  Carrier  cabinet  was  so  arranged  that  outside 
air  was  blown  in  at  the  lower  pair  of  intakes  and  exhausted  from  the 
upper  pair.  Light  was  provided  by  means  of  a  500-watt  lamp  hung  in 
the  cabinet.  Cages  were  so  constructed  as  to  permit  almost  full 
intensity  of  the  light  to  pass  through.  The  results  of  these  experi- 
ments are  listed  in  Table  13  and  the  hygrothermograph  record  for  one 
week  is  shown  in  Figure  4,  C.  Plate  4,  A,  shows  the  types  of  light 
cages  used.  The  celluloid  cage  at  the  right  was  placed  over  a  young 
beet  in  a  pot.  Plate  4,  B,  shows  field  cages  in  which  electric-resistance 
thermometers  were  placed  for  recording  the  temperatures  obtained. 
The  conditions  obtained  in  the  climate-simulation  study  were  closer 
to  soil-surface  conditions  than  were  those  of  the  standard  shade  (fig. 
4),  but  considerable  modification  will  be  necessary  before  the  experi- 
mental conditions  can  be  considered  similar  to  those  to  which  the 
insect  is  subjected. 


30 


TECHNICAL  BULLETIN  206,  (J.  S.  DEPT.  OF  AGRICULTURE 


Tab-lb  13. — Duration  of  egg  and  nymphal  periods  of  Eutettix  iendlus  and  accumu- 
lated temperatures  from  climate-simulation  experiments 


Accumulated  temperatures  expressed  as 

square  inches  of  surface  on  the  thermo- 

graph record  between  the  curve  and  a 

Stage 

Length 
of  period 

given  base  line 

Above 

Above 

Above 

Above 

40«P. 

60°  F. 

60<'F. 

70°  F. 

Days 

Sg.in. 

Sg.in. 

Sg.in. 

Sg.in. 

f      17 

23.9 

15.6 

a63 

4.60 

13 

19.3 

12.8 

7.40 

4.18 

20 

29.6 

18.8 

10.80 

6.14 

13 

22.8 

16.5 

8.30 

6.41 

12 

20.9 

14.6 

9.25 

6.11 

12 

21.3 

14.6 

10.60  i           6.62 

11 

18.2 

12.3 

7.41 

3.93 

Ekk  Ddriod  - 

14 
12 

22.9 
21.1 

17.6 
14.6 

9.09 
9.26 

4.81 

*^ 66  t"" **'" ---.-..-.---.-----.- ........... -. 

6.11 

13 

22.8 

15.6 

9.72 

5.81 

11 

18.2 

12.3 

6.71 

3.93 

11 

19.2 

13.6 

7.76 

4.75 

13 

22.7 

14.9 

9.82 

6.61 

10 

17.1 

11.0 

7.26 

4.22 

■ 

11 

19.2 

13.5 

7.75 

4.75 

14 

24.6 

17.2 

10.80 

6.08 

Average 

12.94 

21.49 

14.61  j          8.78  j           6.06 

(      27 

40.9 

25.6 

15.0 

7.88 

20 

35.6 

25.7 

15.9 

9.23 

21 

36.0 

24.6 

15.6 

9.20 

22 

37.6 

26.7 

16.1 

9.63 

21 

37.6 

26.7 

16.6 

9.23 

22 

37.6 

24:6 

16.1 

9.34 

20 

36.0 

24.6 

16.6 

1.20 

20 

36.0 

24.6 

16.6 

1.20 

Total  nymphal  period 

22 
30 

37.6 
52.5 

24.6 
36.9 

16.1 
24.4 

9.34 

13.30 

23 

39.5 

27.7 

17.1 

9.78 

20 

34.4 

22.8 

17.3 

8.48 

21 

35.8 

23.6 

17.7 

8.75 

21 

36.6 

26.2 

16.2 

9.63 

22 

38.2 

27.4 

16.8 

9.95 

20 

35.2 

25.3 

16.7 

9.39 

22 

37.1 

26.0 

16.0 

9.05 

22 

37.1 

26.0 

16.0 

9.06 

Average 

22 

37.85 

26.03 

16.64 

8.53 

With  the  diurnal  fluctuations  obtained  the  time  for  the  egg  period 
and  the  nymphal  stages  is  approximately  equal  to  the  time  required 
for  these  same  stages  at  75°  F.  constant  temperature.  Planimeter 
measurements  of  the  space  on  the  thermograph  record,  between  the 
temperature  curve  and  a  given  base  line,  for  one  day  at  a  constant 
temperature  of  75°  F.  are  as  follows:  Above  40°,  1.74  square  inches; 
above  50°,  1.27  square  inches;  above  60°,  0.73  square  inch;  above  70° 
0.26  square  inch. 

For  the  average  egg  period  at  75°  F.,  12  days,  the  totals  accumu- 
lated are  20.88,  15.24,  8.76,  and  3.12  square  inches,  respectively. 
At  the  fluctuatnig  temperatures  used,  with  an  average  egg  period  of 
12.9  days,  the  accumulations  are  21.49,  14.61,  8.78,  and  5.06  square 
inches,  respectively. 

For  the  average  time  for  the  total  nymphal  period,  22  days,  the 
accumulations  at  75°  F.  are  38.28,  27.94,  16.06,  and  5.72  square 
inches,  with  corresponding  totals  for  the  fluctuating  temperatures  of 
37.85,  26.03,  16.64  and  8.53  square  inches,  respectively. 

The  thermograph  curve  for  the  fluctuating-temperature  experiment 
was  within  the  hmits  of  the  straight-line  portion  of  the  rate-of-devel- 
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opment  curve,  with  rare  exceptions  of  short  duration,  but  the  close 
agreement  between  the  totals  accumulated  at  a  constant  temperature 
and  those  at  fluctuating  temperatures  is  significant. 

EFFECT  OF  HUMIDITY 

It  is  doubtful  whether  humidity  is  ever  a  limiting  factor  under 
normal  field  conditions  in  southern  Idaho.  Field  observations  show 
a  decided  preference  on  the  part  of  the  insect  for  situations  which 
are  more  open  and  have  lower  humidities,  but  since  these  conditions 
are  also  associated  with  higher  temperatures,  the  relative  importance 
of  humidity  as  a  factor  in  the  preference  is  difficult  to  determine. 
Under  laboratory  conditions,  nymphs  were  killed  in  saturated  atmos- 
pheres at  temperatures  between  60°  and  85°  F.  in  darkness.  At 
temperatures  from  50°  to  60°  at  approximately  70  per  cent  relative 
humidity  in  the  dark,  nymphs  were  unable  to  complete  their  life 
cycle  but  lived  for  months.  Severin  (27)  reports  that  on  one  occasion 
nymphs  were  killed  in  the  field  by  0.47  inch  of  rain  but  does  not  go 
into  detail  as  to  the  circumstances.  The  months  of  April  and  May, 
1927,  were  extremely  wet  for  this  area,  but  populations  of  E.  tenellus 
were  high  shortly  afterwards,  nevertheless.  There  have  been  no 
indications  thus  far  that  humidities  in  the  field  are  significant  except 
in  so  far  as  they  may  condition  the  insect's  preference  in  local  situa- 
tions. This  may  not  hold  true  in  other  areas,  particularly  in  such 
places  as  the  fog  belt  of  California. 

There  are  some  indications  that  humidity  is  a  factor  in  the  deposi- 
tion of  dark  coloring  matter  in  the  wings.  Dark  forms  normally 
appear  in  the  fall,  but  they  are  also  frequent  in  laboratory  and  green- 
house colonies  which  are  kept  in  poorly  ventilated  cages  in  which 
the  humidity  is  high.  At  temperatures  just  above  60°  F.  and  under 
conditions  of  high  humidity,  no  typically  light  cream-green  ''summer" 
form  has  ever  been  produced  during  the  course  of  these  investigations. 

EFFECT    OF    WIND    MOVEMENT 

Normally  E.  tenellus  seeks  protection  from  wind.  During  the 
warm  days  of  the  winter  of  1927-28,  when  the  overwintering  popula- 
tions were  large,  a  slight  breeze  was  sufficient  to  drive  the  insects  to 
cover  in  the  cracks  in  the  soil  or  under  debris.  When  settled  down 
on  a  plant  the  insect  is  able  to  resist  considerable  air  movement;  a 
domestic  vacuum  cleaner  run  over  the  surface  of  a  beet  leaf  failed  to 
dislodge  the  insects  and  the  only  specimens  caught  were  those  dis- 
turbed into  flight.  When  disturbed  the  insect  seems  to  be  extremely 
susceptible  to  air  movement  and  the  incidence  of  high  winds  in  the 
spring  of  the  year  is  probably  of  some  importance  to  the  direction  of 
migration. 

EFFECT    OF    LIGHT 

In  1927  one  beet  field  of  17  acres  was  plowed  up  except  for  two  rows 
in  the  middle.  This  afforded  an  excellent  opportunity  for  a  study 
of  light  reactions,  since  these  two  rows  had  an  enormous  concentration 
of  leaf  hoppers  on  them  and  there  was  bare  ground  for  a  considerable 
distance  on  two  sides,  a  road  on  another  side,  and  another  crop  on  the 
fourth.  Traps  were  arranged  consisting  essentially  of  a  Mazda  lamp 
over  a  pan  of  water  covered  with  a  thin  film  of  oil.  A  75-watt  lamp 
brought  an  occasional  tenellus  to  the  trap  when  the  trap  was  placed 


32         TECHNICAL  BULLETIN  206,  U.  S.  DEPT.  OF  AGRICULTURE 

at  a  distance  of  6  feet  from  the  rows.  At  3  feet  the  response  was 
better.  Nymphs  appeared  to  be  equally  as  phototropic  as  adults. 
The  overnight  catch  was  insignificant,  however.  Two  traps  were 
then  fitted  with  200-watt  clear  Mazda  lamps,  one  trap  being  set  40 
feet  from  the  nearest  row  and  the  other  4  feet.  There  was  con- 
siderable breeze.  The  next  day  427  tenellus  were  removed  from  the 
trap  at  4  feet  and  42  from  the  one  at  40  feet.  There  was  no  apparent 
dimunition  of  the  numbers  of  tenellus  left  on  the  plants.  The  result 
does  indicate,  however,  a  definite  relationship  between  light  intensity 
and  phototropism. 

INTERRELATIONSHIPS    BETWEEN    EUTETTIX    TENELLUS    AND     ITS 

HOST  PLANTS 

The  relationships  between  E.  tenellus  and  its  host  plants  are  of 
fundamental  importance.  The  remarkable  migrations  of  the  insect 
into  beet  fields  are  of  challenging  interest  to  the  entomologist  and  of 
grave  import  to  the  beet-sugar  industry.  The  study  in  the  field  has 
been  centered  on  the  relationships  between  insect  and  host  on  the 
hypothesis  that  there  was  the  most  likely  source  of  information  on 
the  cause  of  migration,  the  factors  affecting  abundance,  and  the 
possible  cyclic  nature  of  this  abundance.  Frequent  reference  will 
be  made  to  the  data  on  the  physical  factors  of  the  environment,  since 
correlations  between  these  and  the  insect's  activity  are  in  some 
instances  reasonably  clear. 

The  economic  problem  of  curly  top  in  the  Snake  River  Valley, 
if  present  conditions  are  sufficient  indication,  has  been  brought  about 
by  the  introduction  of  certain  host  plants  which  have  proved  favor- 
able for  the  development  of  large  populations  of  E.  tenellus.  The 
years  of  high  wheat  prices  stimulated  the  breaking  up  and  cultiva- 
tion of  large  areas  of  semiarid  land  close  to  the  irrigated  tract.  With 
the  collapse  of  high  prices  these  lands  proved  to  be  submarginal 
and  were  abandoned.  (PL  1,  C.)  Water  shortage  led  to  the  aban- 
donment of  large  acreages  of  land  which  were  originally  cleared  of 
sagebrush  with  the  intention  of  irrigating  them.  On  most  of  these 
abandoned  lands  the  prevailing  plants  are  hosts  for  E.  tenellus.  A 
large  number  of  other  hosts  are  listed  by  Haegele  (19). 

Table  14  presents  a  summary  of  the  seasonal  development  of  six 
of  the  principal  host  plants  in  the  area  for  which  Twin  Falls  is  the 
center.  These  plants  are  Sophia  sophia  (L.)  Britton,  flixweed  or 
herb-sophia;  Sophia  jilipes  (Gray)  Holler,  a  species  of  mustard; 
Sisymbrium  altissimum  L.,  Jim  Hill  mustard;  Salsola  pestijer  A.  Nels., 
Russian  thistle;  Atriplex  rosea  L.,  red  orache;  and  Solanum  triflorum 
Nutt.,  cut-leaved  nightshade. 
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PLATEV'4 


Laboratory  and  Field  Cages 

A,  Cages  used  in  studies  of  the  effect  of  light  on  the  development  of  Eufettix  tenellus;  B,  field  cage 
with  electric-resistance  thermometers  inserted. 
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PLATE  5 


STAGES  IN  Growth  of  atriplex  Rosea 


A,  Dense  growth  of  A.  rosea  in  ii  moist  situation;  B.  dense  growth  of  .1.  rosea  which  has  thinned 
out  us  the  season  progressed. 
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DISCUSSION  OF  THE  COMMON  ANNUALS 

The  three  species  of  mustard,  Sisymbrium  altissimum,  Sophia 
Sophia,  and  S.  filipes,  grow  wherever  land  has  been  abandoned  after 
cultivation.  The  large  area  involved  and  the  rapid  growth  and  early 
maturity  of  the  plants  constitute  a  real  menace,  since  the  insect 
populations  must  move  on  sooner  or  later  in  the  earljr  summer.  The 
factors  governing  the  suitabiUty  of  these  three  species  as  hosts  are 
difficult  to  determine.  Two  possible  ones  for  consideration  are  cell- 
sap  concentration  and  maturity,  the  latter  involving  hardness  of  the 
tissue  and  changes  in  the  chemical  constitution  of  the  plant.  None 
of  these  hosts  are  xerophytic,  and  maturity  comes  before  the  con- 
centration of  the  cell  sap  has  reached  points  previously  shown  to  be 
unfavorable  {6).  The  maturity  of  these  plants,  however,  involves 
hardening  of  the  tissues  and  loss  of  succulence,  i.  e.,  of  sap  available. 
E.  tenellus  is  known  to  oviposit  more  freely  on  tender  plants  than  on 
older,  harder  specimens.  The  measuring  of  hardness  of  tissue  has 
not  been  attempted,  but  the  hypothesis  that  it  is  a  factor  is  tenable. 
Maturity  also  involves  chemical  changes  which  might  well  be  con- 
cerned in  the  insect's  economy,  but  no  attempt  has  been  made  as  yet 
to  measure  them. 

With  the  growth  and  maturity  of  the  mustards,  other  hosts  appear. 
Atriplex  rosea  and  Salsola  pestijer  are  both  comparable  in  importance 
to  the  mustards  as  hosts  of  E.  tenellus.  A.  rosea  is  slow  to  germinate 
but  is  in  favorable  condition  when  the  mustards  perish.  It  is  widely 
scattered  over  abandoned  lands  and  is  remarkable  for  its  many 
growth  forms.  These  have  an  important  bearing  on  the  suitabiUty 
of  this  species  as  a  host  for  the  insect.  On  shallow  or  gravelly  soil, 
distant  from  irrigation  ditches  and  dependent  on  the  scant  natural 
precipitation,  the  plant  is  of  short  growth  with  comparatively  small 
leaves.  In  seepage  areas,  and  on  old  feed  lots  where  moisture-holding 
humus  is  present,  the  plant  grows  tall  with  large  leaves,  and  often  so 
dense  as  to  make  progress  through  it  difficult.  Between  these  two 
extremes  are  many  intermediate  grades,  and  in  some  locations  the 
dense  large-leaved  form  thins  out  as  the  season  progresses.     (PL  5.) 

Salsola  pestijer  also  presents  interesting  growth  forms.  The  germi- 
nation of  this  plant  is  irregular.  Late  fall  germination  occurs,  but, 
as  has  been  mentioned,  these  plants  do  not  appear  to  survive  the 
winter  if  it  is  severe.  Areas  are  to  be  found  on  which  the  plant 
appears  to  have  germinated  at  iatervals  during  the  summer  so  that 
forms  varying  from  mature,  prickly,  bushy  plants,  to  short  and  very 
succulent  ones  are  to  be  found.  Occasionally  the  plants  wither  while 
in  bloom,  but  this  form  should  not  be  confused  with  that  which  has 
attained  a  high  sap  concentration  along  with  normal  growth. 

These  two  species,  Atriplex  rosea  and  Salsola  pestijer,  offer  an 
opportunity  to  test  the  validity  of  the  hypothesis  that  cell-sap  con- 
centration is  of  importance.  Both  species  of  plant  are  xerophytic  in 
habit,  both  attain  high  sap  concentration,  and  both  are  often  found 
growing  in  close  proximity  to  each  other.  The  writer  has  already 
published  a  paper  on  this  question  (6).  Additional  data  are  presented 
m  Table  15.  Still  more  data  along  the  same  lines  are  tabulated  under 
the  heading  ** Quantitative  data  from  desert  observation  stations." 
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Table  15. — Growth  form  and  depression  of  cell-sap  freezing  point  of  host  plants 
of  Eutettix  tenellus  associated  with  populations  of  the  insect,  Twin  Falls,  Idaho 


Growth  form 


Depres- 

E. tenellus  collected  per  100  sweeps  | 

sion  of 

of  net 

cell-sap 

freezing 

point 

Males 

Females 

Nymphs 

Total 

°C. 

Number 

Number 

Number 

Number 

5.00 
2.73 
2.4 



13 
95 

65 

5.25 

128 

40 

26 

194 

.63 

286 

266 

120 

672 

3.67 

40 

14 

0 

54 

3.25 

126 

121 

75 

322 

6.00 

44 

18 

10 

72 

2.90 

338 

162 

16 

516 

2.45 

318 

174 

2 

494 

1.93 

26 

6 

2 

34 

2.80 

12 

10 

6 

28 

3.25 

2 

14 

0 

16 

2.55 

4 

26 

2 

32 

2.60 

90 

368 

11 

469 

1.95 

532 

800 

32 

1,364 

3.06 

0 

12 

1 

13 

5.90 

26 

54 

8 

88 

3.50 

148 

202 

70 

420 

3.06 

0 

5 

0 

5 

4.49 

10 

59 

5 

74 

3.47 

2 

4 

0 

6 

5.00 

4 

12 

0 

16 

1.89 

19 

50 

0 

69 

Probable  factor  in- 
fluencing leaf- 
hopper  popula- 
tions 


Atriplex  rosea 

Do'.'.'.'."'.'".'. 
Do 

Salsola  pestifer..-. 

Atriplex  rosea 

Salsola  pestifer 

Atriplex  rosea 

Salsola  pestifer 

Solanum    triflor- 
um 

Atriplex  rosea 

Salsola  pestifer — 

Do 

Do 

Do 

Do 

Atriplex  rosea 

Do 

Salsola  pestifer 

Atriplex  rosea 

Do 

Do 

Do 

Sisymbrium  altis- 
simum. 


"Dry"  short. 
Transitional-. 
Rank,  dense- 


Rank 

Short 

Transitional. 

do 

do 

Rank,  dense. 


Withered 

Short,  succulent. 

Dense 

Sparse 

Dense,  rank 

Transitional 


Dense,  rank 

Transitional 

Dense,  rank 

Transitional,  dry. 


Sap  concentration. 
^Growth  form. 

Sap  concentration. 

Growth  form. 

Sap  concentration. 

[Growth  form. 

jsap  concentration. 

JGrowth  form. 

I  Growth  form  and 
I    sap      concentra- 
{    tion. 
J^Growth  form. 

Do. 


As  to  the  relative  importance  of  growth  form  and  sap  concentration, 
experience  indicates  that  the  rank,  dense  growth  is  unfavorable  as 
an  environment  for  E.  tenellus.  This  is  particularly  true  in  the  case 
of  Atriplex  rosea.  Large  populations  of  the  insect  thus  far  have 
never  been  found  on  such  A.  rosea  growth.  The  predominant  insect 
on  A:  rosea  is  a  small  pale-green  mirid,  Atmoscelis  modestus  Van  D.  This 
predominance  is  lost  to  E.  tenellus  on  plants  of  A.  rosea  which  are  in 
sparse  growth,  but  where  the  plants  grow  rank  and  dense  the  mirid 
continues  predominant.  Counts  of  the  mirid  are  difficult  to  make 
since  the  insects  are  present  in  such  quantity  as  to  form  a  crushed 
mass  in  the  net.  Quantitative  collections  from  dense  and  sparse 
Salsola  pestifer  invariably  show  much  heavier  leaf-hopper  populations 
on  the  sparser  growth,  with  which  are  associated  higher  temperatures, 
lower  humidity,  and  less  shade.  Where  other  conditions  are  equal, 
however,  it  can  be  said  that  between  A.  rosea  and  S.  pestifer  the  decid- 
ing factor  which  influences  leaf-hopper  populations  is  cell-sap  con- 
centration. 

The  obvious  preference  of  E.  tenellus  for  environments  that  are  not 
shaded  can  normally  be  explained  on  the  basis  of  the  physical  condi- 
tions of  the  external  environment. 

THE  ROLE  of  the  PERENNIAL  HOST  PLANTS 

Greasewood  (Sarcobatus  vermiculatus  Torr.)  has  been  mentioned  as 
a  host  plant  {1 ,  19,  22).  The  data  of  Table  16  indicate  that  as  far 
as  succulence  and  cell-sap  concentration  are  concerned,  *S'.  vermi- 
culatus is  favorable  for  a  prolonged  period.  Grayia  spinosa,  on  the 
other  hand,  develops  high  sap  concentration  and  sheds  its  leaves  early 
in  the  season.     These  facts  alone  would  preclude  it  as  a  favorable 
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host.  On  only  one  occasion  was  E.  tenellus  taken  from  this  species 
and  only  two  specimens  collected  at  that  time.  Occasional  collec- 
tions from  greasewood  do  yield  E.  tenellus.  Why  this  plant  is  not 
more  favorable  is  a  moot  question,  but  the  fact  is  that  the  large 
populations  have  not  been  encountered  on  that  host.  One  exception 
to  this  is  noted  below.  The  probability  is  that  perennial  plants  were 
the  principal  hosts  of  the  insect  before  the  advent  of  the  now  widely 
scattered  introductions,  but  through  natural  balance  the  predomi- 
nance of  E.  tenellus  has  been  prevented.  The  number  of  spiders  to  be 
found  on  greasewood  is  remarkable.  A  combination  of  circumstances 
might,  however,  force  the  perennial  plants  which  are  green  in  the  fall 
to  assume  another  r61e. 

Table  16. — Data  from  observations  on  a  mixed  stand  of  Sarcobatus  vermiculatua 
and  Grayia  spinosa  at  Twin  Falls,  Idaho 


Depression  of  cell- 
sap  freezing  point 
of— 

Soil  moisture  at  »— 

Week  ended 

Sar- 
cobatus 
verml- 
culatus 

Grayia 
spinosa 

6  to  12 
inches 

19  to  24 
inches 

30  to  36 
inches 

1925 
May  21 

•a 

2.56 
2.62 
2.65 
2.74 
2.77 
2.74 
3.33 
3.18 
2.76 
2.69 
3.18 
».65 
3.26 

2.49 

3.845 

3.76 

4.62 

5.01 

5.30 

Percent 

Percent 

Percent 

June  15 

22.. 

9.5 
2.4 
12.6 
12.6 
9.6 
9.8 
17.6 
16.3 
10.9 
11.0 
10.8 

12.5 

16.6 

17.2 

16.5 

16.7 

16.3 

17.42 

19.7 

16.8 

18.2 

19.2 

17 

29 

17  9 

July    6 

17.2 

13 

17.0 
17  5 

20 

27 

17.0 

Aug.   3 

17.6 
20.6 

'^  10 .... 

17 

20.0 

24 

17  9 

31 

19  2 

»  Water-holding  capacity,  64  per  cent.    Salts  (electric  bridge),  300  parts  per  1,000,000. 
*  Sap  on  this  date  was  enormous  in  quantity. 

The  summer  of  1927  was  a  dry  one,  and  with  httle  interruption 
the  drought  continued  until  the  last  few  days  of  October.  Previous 
to  the  rain,  the  temperatures  were  abnormally  high.  Salsola  pestifer, 
which  normally  supports  the  insect  until  the  fall  germination  of  the 
mustards  takes  place,  dried  up  completely  and  the  insect  was  forced 
to  seek  food  elsewhere.  For  the  first  time  E.  tenellus  was  found  on 
rabbit  brush  (Chrysothamnus).  No  quantitative  collections  were 
made,  but  over  200  specimens  were  captured  in  a  few  hours.  This 
plant  was  growing  alongside  a  stand  of  S.  pestifer  which  at  that  time 
was  yielding  only  a  small  fraction  of  tenellus  populations  obtained 
from  there  two  weeks  earlier.  The  insect  had  obviously  been  driven 
off  the  S.  pestifer  and  had  found  refuge  upon  the  first  green  food  en- 
countered. A  few  days  later  this  same  condition  was  found  to  hold 
over  the  entire  area  from  Twin  Falls  westward.  Wherever  grease- 
wood or  rabbit  brush  was  close  to  old  S.  pestifer  stands,  the  insect 
was  found  on  the  perennials.  In  a  few  places  the  mustards  had 
germinated  and  there  the  insect  was  predominantly  on  the  fresh 
growth.  The  possible  effect  of  this  movement  to  unusual  hosts  is 
discussed  further  in  connection  with  the  hibernation  of  the  insect. 
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The  spring  distribution  of  the  insect  at  the  Castleford  desert  station 
suggested  strongly  that  hibernation  had  been  accomphshed  in  contigu- 
ous sage  brush  (Artemisia). 

OCCASIONAL    HOSTS 

Many  occasional  host  plants  have  been  encountered,  but  large 
populations  of  E.  tenellus  on  these  are  rare.  The  only  positive  collec- 
tion ever  made  on  Cleome  lutea  Hook.,  however,  yielded  a  very  con- 
siderable population  (123  males,  367  females,  and  22  nymphs).  Such 
a  population  suggests  an  intercepted  migration  or  a  movement  from 
near-by  hosts  which  had  become  unfavorable. 

HOST-PLANT  SUCCESSION  THROUGHOUT  THE  SEASON  AND  THE  RELATIVE  IMPOR- 
TANCE OF  THE  MUSTARDS  AND  RUSSIAN  THISTLE 

Although  the  relations  between  E.  tenellus  and  specific  host  plants 
are  important,  the  true  picture  of  the  insect's  desert  activities  can  be 
seen  only  through  a  consideration  of  the  succession  of  host  plants 
throughout  the  season.^  Beginning  with  early  spring,  the  insect  is 
found  on  the  mustards.  These  are  short-lived  plants,  growing  with 
extreme  rapidity  and  maturing  in  the  early  summer.  In  spite  of  the 
intense  competition  between  E.  tenellus  and  other  insects,  large  popu- 
lations of  the  former  develop  on  these  plants  before  their  maturity. 
In  the  meantime  other  hosts,  principally  A.  rosea  and  S.  pestifeVj 
have  become  available.  The  tenellus  populations  on  pestvfer  become 
very  high  during  the  course  of  the  season,  particularly  where  the 
growth  is  sparse.  The  populations  on  rosea  are  materially  affected 
by  the  growth  form  of  the  plant,  but  in  any  case  A.  rosea  matures 
and  dies  in  the  late  summer,  leaving  S.  pestifer  the  sole  surviving 
member  of  the  succession.  Exceptions  to  this  occur,  of  course, 
owing  to  local  conditions.  Solanum  triflorum  sometimes  carries  E. 
tenellus  over  until  the  cold  weather  starts.  The  role  of  the  perennial 
plants  in  this  connection  has  been  discussed  previously.  The  late 
fall  rains  germinate  the  mustards,  and  the  insect  then  leaves  either 
the  S.  pestifer  or  the  perennials  and  can  be  found  on  the  freshly  ger- 
minated mustards  throughout  the  winter.  It  frequently  happens 
that  the  freshly  germinated  mustards  can  be  found  underneath  old  S. 
pestvfer  plants,  so  that  the  insect  can  thus  find  food  as  well  as  shelter 
at  the  same  time. 

The  quantitative-collection  data  from  the  desert  observation  sta- 
tions indicate  clearly  that  the  highest  populations  of  the  insect  are 
encountered  on  S.  pestifer.  Several  possible  explanations  for  this 
are  available:  One  is  that  pestifer  is  favorable  from  the  beginning  of 
the  season  to  the  end,  whereas  the  mustards  are  all  short  lived; 
another  is  that  the  environment  offered  by  S.  pestifer  in  sparse  growth 
is  more  favorable  to  the  rapid  development  of  E.  tenellus  because  of 
more  favorable  phj^sical  factors  of  the  environment;  while  a  third  is 
that  competition  is  much  more  severe  on  the  mustards  than  it  is  on 
pestifer,  as  reference  to  the  data  in  Table  21  shows.  A  large  number 
of  other  insect  species  snatch  the  brief  opportunity  afforded  them 
by  the  growth  of  the  mustards,  and  but  few  of  these  pass  over  to  S. 
pestifer,  even  though  the  latter  is  growing  in  close  proximity.     In 

« This  study  covered  only  one  area— that  of  central-southern  Idaho.   Specific  hosts  as  well  as  host-plant 
successions  vary  widely  within  the  limits  of  the  insect's  range. 
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view  of  the  wide  variation  in  populations  encountered  on  the  mus- 
tards, it  is  very  unUkcly  that  the  factor  of  competition  enters  in  until 
the  peaks  of  population  are  reached.  The  data  presented  in  Table 
17  and  Figure  9  demonstrate  that  E.  tenellus  will  on  occasion  remain 
on  Sophia  sophia  until  the  plant  dies  in  spite  of  unfavorable  sap  con- 
centration and  maturing  plant  tissues. 

With  regard  to  the  physical  factors  of  the  environment,  the  data 
in  Table  3  show  the  differences  in  temperatures  at  the  soil  surface,  6 
inches  above  the  surface,  and  27  inches  above  the  surface.  This 
table  shows  that  the  higher  temperatures  prevail  at  the  lower  levels. 
Since,  in  the  case  of  the  mustards,  the  principal  feeding  area  is  2 
feet  or  more  from  the  ground,  except  for  a  very  short  time  in  the 
spring,  the  data  indicate  that  temperatures  are  more  favorable  to 
tenellus  living  on  pestifer  than  on  plants  whose  feeding  area  is  farther 
removed  from  the  added  temperature  due  to  reflection  from  the  soil. 
When  S.  pestifer  is  in  dense  growth,  populations  of  tenellus  decrease, 
but  this  may  be  due  as  much  to  decreased  Ught  and  higher  humidities 
as  to  lowered  temperatures.  The  charts  showing  hygrothermograph 
data  referred  to  previously  (fig.  2)  indicate  the  high  temperatures 
and  low  mean  humidities  prevailing  in  a  typical  stand  of  sparse 
growth  of  S.  pestifer.  All  the  experience  in  the  field  supports  the 
view  that  low  humidities  are  preferred;  and  the  data  on  the  effect  of 
temperature  on  the  insect  show  the  remarkable  speed  of  development 
of  the  insect  at  high  temperature ;  so  that  it  can  safely  be  stated  that 
a  sparse  growth  of  S.  pestifer  represents  the  environment  most  nearly 
optimum  for  E.  tenellus  thus  far  encountered. 

When  the  sequence  of  host  plants  is  considered  and  the  temperature 
data  for  an  area  which  contained  three  of  the  principal  host  plants  are 
referred  to  (Table  4),  it  will  be  seen  that  favorable  temperatures  for 
the  rapid  development  of  the  insect  are  available  for  a  much  longer 
time  than  the  usual  weather  data  would  indicate.  Within  a  short 
vertical  range  of  less  than  3  feet  temperatures  vary  from  below  to 
far  above  the  optimum.  Under  such  conditions  what  will  the 
reaction  of  the  insect  be  to  these  variations?  Does  it  seek  the 
optimum  conditions  available  within  its  immediate  environment? 
With  an  active  insect,  such  as  E.  tenellus,  it  is  extremely  probable 
that  such  is  the  case.  Such  a  reaction  has  been  demonstrated  for 
other  insects  living  in  a  comparable  environment  (10).  The  concept 
is  important,  if  environmental  data  are  bein^  used  as  a  means  of 
predicting  the  end  of  a  phase  in  an  insect's  life  cycle.  In  support 
of  the  view  that  tenellus  acts  in  the  way  described,  it  may  be  re- 
marked that  the  highest  populations  are  always  to  be  found  in 
places  where  theoretically  optimum  physical  conditions  exist,  and 
that  this  is  a  matter  of  preference  seems  to  be  established  when 
comparisons  are  made  within  restricted  environments  a  few  feet 
apart.  An  insect  may  not  be  predominant  even  if  its  environment 
be  nearly  optimum,  since  its  competitors  may  also  find  their  optimum 
under  the  same  conditions.  If  a  species  is  predominant  to  such  an 
extent  that  it  is  predominant  over  all  other  species  combined,  then 
the  environment  may  be  considered  as  a  practical  optimum  for  the 
species.  Since  temperature  conditions  m  any  environment  for 
E.  tenellus  thus  far  considered  are  never  uniformly  optimum  through- 
out the  environment,  the  probability  is  that  the  msect  must  seek  the 
best  available  in  order  to  command  the  predominance  which  it  un- 
doubtedly does  on  S.  pestifer  in  sparse  growth. 
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DATA  FROM  WEEKLY  OBSERVATIONS  AT  TWO  DESERT  STATIONS  IN  1926 

Tables  17  and  18  and  Figures  9  and  10  present  data  obtained  at 
Adelaide,  Idaho,  in  1926.  The  two  stations  were  approximately  1 
mile  apart  and  were  both  situated  on  old  abandoned  farms.  Obser- 
vations were  started  early  in  April,  and  large  numbers  of  E.  tenellus 
could  be  captured  without  difficulty  on  April  10.  On  that  date, 
with  a  free-air  temperature  of  68°  F.,  the  temperature  on  a  small 
Sisymbrium  altissimum  rosette  was  86°.  Second  and  third  instar 
nymphs  were  common  on  April  26,  and  a  temperature  of  111°  was 
registered  on  the  soil  surface,  with  an  air  temperature  of  74°.     Vege- 
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Figure  9.— Data  on  cell-sap  concentration  and  number  of  Eutettix  tenellus  collected  from  host 
plants  in  the  Adelaide,  Idaho,  observation  station,  1926 

tation  was  short  and  somewhat  scattered,  and  quantitative  sweep- 
ings were  not  begun  until  May  11.  Prior  to  this  time,  however, 
adults  of  the  first  generation  were  in  evidence,  and  by  May  11  the 
desert  breeding  grounds  west  of  Twin  Falls  had  dried  up  and  the 
migration  into  the  beet  fields  taken  place.  At  the  Adelaide  stations, 
at  a  much  higher  altitude,  the  insect's  development  was  behind  that 
at  places  farther  west,  and,  owing  to  heavy  local  showers  the  host 
plants  at  these  stations  continued  to  survive. 

In  Table  17  and  Figure  9  only  two  host  plants  are  considered, 
Sophia  Sophia  and  Salsola  pestifer.  The  insect  had  been  observed 
on  the  Sophia  in  the  fall  of  1925,  at  which  time  the  plants  were  about 
2  inches  in  height.     The  winter  was  mild,  and  these  plants  continued 
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to  provide  food  for  the  insect  throughout  the  entire  winter.  On 
June  30,  1926,  on  sophia  the  progeny  of  the  first  brood  had  devel- 
oped in  great  numbers.  Reference  to  Table  17  will  show  the  great 
preponderance  of  nymphs  on  S.  sophia.  But  S.  sophia  was  prac- 
tically dead  on  July  12,  and  only  the  few  tenellus  that  could  find  sus- 
tenance on  the  almost  brittle  stems  remained  at  that  time.  Since 
this  crisis  in  the  insect's  economy  came  at  a  time  when  the  popu- 
lation was  composed  largely  of  nymphs,  the  importance  of  hot, 
dry  weather  in  cutting  off  entire  populations  of  the  insect  can  be 
readily  appreciated.  Close  to  the  S.  sophia  was  an  extremely  dense 
stand  of  S.  pestifer,  growing  in  the  abandoned  farmyard.  Enormous 
numbers  of  false  chinch  bugs  were  found  on  it,  literally  covering 
the  foliage.  The  chart  indicates,  however,  two  leaf-hopper  popu- 
lation peaks  in  this  plant,  brought  about  by  a  short  second  genera- 
tion, no  doubt  starting  from  first-generation  individuals  which  were 
driven  from  the  sophia  growing  in  close  proximity  to  the  pestifer, 
and  a  third  generation,  representing  the  normal  development  of  the 
initial  population.  The  cell-sap  data  indicate  the  protected  condi- 
tion of  the  S.  pestijer,  growing  as  it  was  on  the  old  humus  accumula- 
tions of  the  farmyard,  since  the  sap  concentration  remained  prac- 
tically constant  throughout  the  season.  That  of  S.  sophia ^  however, 
rose  to  unusual  heights,  since  normally  the  short-lived  annuals 
perish  before  the  concentration  of  their  cell  sap  has  produced  a 
depression  of  the  freezing  point  of  3°  C. 


Table  17. — Cell-sap  concentration  and  number 
host  plants  at  the  Adelaide,  Idaho,  i 

of  Eutettix  tenellus  taken  from 
jbservation  station 

Date 

Host  plant 

Depres- 
sion of 
cell-sap 
freezing 
point 

Number  of  E.  tenellus  In 
100  sweeps  of  net 

Males 

Females 

Nymphs 

1926 
May  11 

f Sophia  sophia 

"C. 
3.18 
1.41 
2.20 
2.85 
3.10 
2.075 
4.37 
2.63 
4.10 
3.10 

& 

4.70 
2.70 
3.20 
4 

4.76 

0 

0 

34 

2 

70 

0 

76 

0 

212 

20 

140 

4 

176 

2 

0 
22 

0 
60 

4 
116 

2 
104 

12 
148 

8 
128 

8 

Salsola  pestifer 

Sophia  sophia 

0 
74 

Salsola  pestifer 

0 

OK 

Sophia  sophia 

28 

Salsola  pestifer '. 

0 

/une   1 

Sophia  sophia 

114 

Salsola  pestifer 

Sophia  sophia 

0 

158 

Salsola  pestifer 

2 

16 

Sophia  sophia 

78 

Salsola  pestifer 

Sophia  sophia .. 

0 
202 

Salsola  pestifer 

Salsola  pestifer  (rank) 

24 

12 

124 

66 

2 

32 

6 

Salsola  pestifer  (dry) 

0 

Sophia  sophia.. 

673 

Salsola  pestifer 

^ 1 

Salsola  pestifer  (rank) 

2.8 

82 

4 

18 

0 

0 

4 

4 

6 

4 

42 

12 

62 

42 

78 

86 

38 

14 

g 

42 

8 

14 

0 

2 

2 

2 

20 

0 

20 

18 

84 

20 

46 

10 

28 

2 

4 

* 

0 

Salsola  pestifer  (dry) 

4 

July    12 

Sophia  sophia ............... 

66 

Salsola  pestifer                           .  . 

2.85 

0 

221 

Sophia  sophia 

4 

^  

Salsola  pestifer 

2.66 

0 

29 

Sophia  sophia 

12 

Salsola  pestifer ■. 

2.76 

23 

Aim       K 

Sophia  sophia 

8 

Salsola  pestifer    .....  . 

3.03 
2.69 
2.71 

14 

12 

Salsola  pestifer 

16 

20 

27 

do 

do 

S3 
0 

Sept.  8 

do 

2 

^  10 » :::.::: 

...    do 

14 

17 

do 

0 

24  » 

do 

0 

Oct.  4 

....doi.  :::::: 

0 

»  Sample  of  sap  was  lost;  it  was  very  small  In  quantity  and  thick.  «  Windy. 


»  Cold. 
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In  Table  18  and  Figure  10  Sisymbrium  altissimum,  Sophia  sophia, 
and  Salsola  pestijer  are  the  hosts  concerned.  E.  tenellus  was  found 
on  Sophia  until  the  23d  and  on  altissimum  until  the  29th  of  July.  By 
this  time  S.  pestifer  had  grown  sufficiently  to  permit  of  a  quantitative 
sweeping.  At  this  station  the  S.  altissimum  began  to  dry  up  very 
early  (pi.  6,  A),  but  since  this  drying  out  was  very  uneven,  collections 
were  taken  from  the  most  succulent  as  well  as  from  the  drier,  almost 
mature  plants.  From  Figure  10  it  is  evident  that  until  the  end  of  the 
first  week  in  June  E.  tenellus  developed  more  quickly  on  the  more 
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Figure  10.— Data  on  cell-sap  concentration  and  number  of  Eutettix  tenellus  collected  from  host  plants 
in  a  desert  observation  station  at  Adelaide,  Idaho,  1926.  (Sophia  sophia  was  dried  up  on  June  30, 
Sisymbrium  altissimum  was  dried  up  on  July  22,  and  Salsola  pestifer  yielded  no  insects  on  October  24) 

open,  drier  altissimum  growth.  By  that  time  all  the  altissimum  was 
rapidly  maturing  and  the  distinction  between  the  two  types  was 
maintained  with  difficulty.  The  data  show  that  much  greater  popu- 
lations could  be  found  on  S.  sophia  than  on  S.  altissimum.  The 
growth  forms  of  the  two  mustards  are  very  much  alike,  so  that  differ- 
ences in  population  are  probably  not  associated  with  the  physical 
environment  but  are  due  to  the  fact  that  S.  sophia  in  the  preceding 
fall  was  more  favorable  for  the  insect  and  initial  populations  were 
therefore  higher.  At  this  station  the  peak  of  population  was  reached 
earUer  than  at  the  other  station,  but  the  sudden  drop  in  numbers  of 
nymphs  without  a  corresponding  increase  in  adult  numbers  suggests 
that  the  host  plants  were  rapidly  becoming  unfavorable. 
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Table  18. — Data  from  a  desert  observation  station  at  Adelaide,  Idaho,  relating  to 
soil  moisture,  cell-sap  concentration,  and  number  of  Eutettix  tenellus  taken  from 
host  plants,  1926 


Date 

Soil  moisture 

Host  plant 

Depres- 
sion of 
cell-sap 
freezing 
point 

Number  of  E.  t< 
100  sweeps  o 

melius  In 
fnet 

0to6 
Inches 

6  to  12 
inches 

18  to  24 
inches 

Males 

Females 

Nymphs 

1926 

Per  cent 
11.85 

Per  cent 
12.62 

Per  cent 
7.58 

f  Sophia  sbphia 

1.5 

1.6 

1.95 

1.7 

2.6 

1.8 

3.50 

1.85 

2.70 

1 

0 

2 

86 

10 

14 

144 

2 
64 
56 

8 
20 
96 

64 

0 

62 

24 
40 

18 

34 
12 

26 
14 
28 

14 

10 

30 

0 

2 

0 

0 

34 

22 

14 

90 

112 

62 

64 

40 

16 

4 

6 

0 

v) 

Ol 
Oi 
(*) 
(») 
(*) 
(0 

10 

0 

6 
76 

0 

4 
86 

0 
44 
82 

18 
36 
64 

66 
0 
22 

20 
18 
2 

8 
2 

2 
2 
6 

2 
2 

18 
0 

18 

2 
0 
26 
62 
14 
48 
38 
16 
18 
28 
4 
0 
14 
0 

(I) 

Apr.  10 

Sisymbrium  altissimum 

/Sophia  Sophia 

iS 

ISisymbrium  altissimum 

fSophia  Sophia 

7.6 
5.33 

4.91 

4.72 

4.13 

2.87 

3.71 

3.57 

2.48 

1.71 

4.76 
3.54 

2.73 

2.22 
2.49 
3.05 
2.52 
3.23 
2.91 
2.60 
3.35 

8.34 
7.17 

7.57 

7.37 

7.10 

6.20 

5.81 

6.13 

3.82 

7.94 

6.63 
5.12 

4.62 

3.94 

4.53 

6.95 

6.03 

6.0 

5.30 

4.83 

5.28 

8.21 
8.10 

8.66 

7.01 

7.41 

6.46 

8.36 

7.27 

5.94 

6.21 

7.09 
6.93 

6.22 

6.09 
6.98 
7.44 
7.53 
8.10 
8.32 
6.74 
8.33 

26 

Sisymbrium  altissimum 

Sophia  Sophia 

May    4 

Sisymbrium  altissimum 

fSophia  Sophia 

11 

Sisymbrium  altissimum— 
Rank.  .    . 

0 

Dry 

2.54 
2.96 

1.69 
1.86 
3.26 

1.395 

1.35 

2.70 

2.10 
2.36 
3.84 

2.28 
3.73 
3.16 

2.43 
2.75 
4.13 

2.70 
3.29 

18 

[Sophia  Sophia 

134 

•    18 

Sisymbrium  altissimum— 
Rank 

0 

Dry..  . 

34 

[Sophia  Sophia 

70 

26 

Sisymbrium  altissimum — 
Rank 

2 

Dry 

32 

fSophia  Sophia... 

34 

June    1 

Sisymbrium  altissimum— 
Rank 

8 

Dry 

16 

[Sophia  Sophia  ... 

172 

8 

Sisymbrium  altissimum— 
Rank 

6 

Dry 

0 

Sophia  Sophia 

36 

16 

Sisymbrium  altissimum— 
Rank 

4 

Dry 

6 

Sophia  Sophia 

18 

23 

Sisymbrium  altissimum— 
Rank... 

16 

Dry 

0 

Sisymbrium  altissimum — 
Rank  . 

70 

30 

Dry 

28 

Salsola  pestifer          .  . 

2 

July   12 

Sisymbrium  altissimum— 
Rank 

56 

Dry 

14 

Salsola  pestifer 

20 

22 

fSisymbrium  altissimum 

0 

Salsola  pestifer 

2.56 

4 

29 

Sisymbrium  altissimum— 
Rank. 

8 

Dry 

0 

Salsola  pestifer 

1.86 
2.44 
2.26 
2.11 

.16 

Aug.     b 
12 
20 

!""do^:;*:i":i:i:iiiiiiiiiii 

do 

28 
6 
32 

27 

do 

32 

Sept.    3 

do 

12 

10 

..  do            

84 

17 

do 

4 

24 
Oct.     4 

do 

do 

0 
0 

12 

do 

0 

24 

do 

0 

>  E.  tenellus  very  plentiful  on  vegetation  too  short  to  sweep.  *  Nymphs  common. 

DATA  FROM  DESERT  OBSERVATION  STATIONS 

Data  relating  to  desert  environment  and  leaf-hopper  populations, 
obtained  from  desert  observation  stations  in  1927,  are  presented  in 
Table  19.  Physical  data  obtained  from  soil  samples  from  six  of  the 
desert  stations  are  given  in  Table  20.  Figure  11  shows  the  approxi- 
mate area  represented  by  the  stations  and  Figure  12  shows  the 
comparative  areas  occupied  by  specific  host  plants. 
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Figure  11. — Approximate  area  (shown  by  shading)  covered  by  the  desert  observation  stations  oper- 
ated in  the  Twin  Falls,  Idaho,  district  during  1927 
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Figure  12.— The  comparative  areas  occupied  by  specific  host  plants  at  the  desert  observation  sta- 
tions operated  in  the  Twin  Falls,  Idaho,  district  during  1927 
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Table  20. — Physical  data  obtained  from  soil  samples  from  six  desert  observation 
stations  in  the  Twin  Falls  district,  Idaho,  1927  ^ 


station 


Adelaide 
Oakley— 
Burley— 


Depth 


Inches 

0-6 

6-12 

18-24 

0-6 

6-12 

18-24 

0-6 

6-12 

18-24 


Mois- 
ture 

equiv- 
alent 


Per  cent 
17.5 
21.3 
26.6 
20.6 
23.4 
26.4 
19.8 
20.6 
24.6 


WUt- 

ing 

coeSa- 

cient  * 


Per  cent 
9.6 
11.5 
14.6 
11.2 
12.7 
14.3 
11.8 
11.2 
13.4 


Soluble 
salts* 


Parts 
per  mil- 
lion 
2,820 
2,340 
2,060 
640 
640 
1,220 
3,120 
2,440 
2,060 


Station 


Hansen... 

Hollister.. 
Castleford 


Depth 


Inches 

0-6 

6-12 

18-24 

,,      0-6 

!\    fr-12 

0-6 

6-12 

18-24 


Mois- 
ture 


-WUt- 
ing 


eqi 

al( 


ent     cient » 


Per  cent 
21.6 
21.8 
24.0 
22.3 
24.7 
22.3 
22.9 
23.0 


Per  cent 
11.7 
11.8 
13.0 
12.1 
13.4 
12.1 
12.4 
12.5 


Solubl* 
salts' 


Parts 
permit- 
lion 
1,540 
1,420 
1,840 
4,180 
3,620 
1,460 
1,440 
1,580 


1  Determined  in  the  Bureau  of  Chemistry  and  Soils. 
»  Based  on  the  Briggs-Shantz  formula  (5). 
»  Based  on  air-dry  soil. 

The  data  in  Table  19,  showing  the  seasonal  growth  of  the  host 
plants,  the  depression  of  the  freezing  point  of  the  cell  sap,  the  percent- 
age of  soil  moisture  present,  and  the  associated  populations  of  E. 
tenelluSj  are  practically  self-explanatory.  In  general  it  can  be  said 
that  the  Hfe  history  of  the  short-lived  annuals  was  normal,  maturity 
coming  before  unfavorable  cell-sap  concentrations  had  been  reached; 
that  the  season's  development  furnished  a  succession  of  host  plants, 
thus  providing  ideal  conditions  for  the  breeding  of  huge  populations 
of  the  insect,  following  the  conditions  prevaiUng  during  the  preceding 
winter  and  during  the  summer  of  1926  (see  sections  on  hibernation 
and  forecasting  of  outbreaks,  pp.  58  and  66) ;  and  that  S.  pestifer,  being 
favorable  for  the  whole  season,  is  most  important  from  the  standpoint 
of  overwintering  populations. 

Data  from  the  Oakley  station  suggest  that  S.  pestifer  receives  large 
populations  from  the  maturing  mustards  growing  in  close  proximity. 

The  Hansen  station,  on  which  S.  altissimum  predominates,  illus- 
trates the  fact  that  the  succession  of  host  plants  is  necessary  before 
large  overwintering  populations  can  be  developed.  In  1926  this  area 
was  completely  dried  out  very  early  in  the  season,  and  the  scattered 
S.  pestifer  growing  in  that  area  did  not  germinate  until  after  the  late 
summer  rains.  It  was  practically  impossible  for  E.  tenellus  popula- 
tions to  exist  therefore  at  that  place,  and  they  will  probably  not 
develop  until  after  another  favorable  year. 

The  Hansen  substations  A  and  B  are  added  to  the  record  for  pur- 
poses of  comparison.  In  the  case  of  substation  A  the  succession  of 
S.  pestifer  was  provided,  with  the  result  that  a  very  large  population 
was  developed  before  the  end  of  the  season ;  in  the  case  of  substation 
B,  where  all  the  host  plants  except  S.  pestifer  were  present,  the  growth 
was  so  dense  and  the  situation  so  humid  for  most  of  the  season, 
owing  to  the  low-lying  swampy  ground,  that  populations  were  kept 
down,  even  on  the  Atriplex  rosea,  which  usually  is  a  rather  favorable 
host  in  the  middle  of  the  season. 

The  great  increase  in  population  which  occurred  at  the  Castleford 
station  between  the  12  th  and  27  th  of  July  was  due  to  the  fact 
that  the  S'.  altissimum  had  been  almost  completely  defoliated  over 
practically  the  whole  area  by  the  larvae  of  Plutella  mactUipennis  Curt. 
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A  small  strip  of  the  area  was  covered  with  altissimum  which  sent  out 
fresh  axillary  growth  after  defoliation.  It  was  from  this  narrow  strip 
that  the  population  recorded  was  collected. 

The  Glenns  Ferry  station  could  not  be  treated  in  a  manner  similar 
to  the  others  because  of  the  character  of  the  country,  so  data  were 
obtained  from  four  substations  representing  typical  tenellus  breeding 
grounds. 

THE  HOST  PLANTS  OF  EUTETTIX  TENELLUS  AND  ITS  MIGRATIONS 

The  experience  of  the  last  four  seasons  justifies  the  conclusion  that 
the  movements  of  E.  tenellus  into  beet  fields  in  the  area  studied  are 
largely  governed  by  its  host-plant  relationships.  Two  conditions 
are  met  with,  although  no  sharp  line  of  demarcation  between  the 
two  can  be  made.  If  conditions  are  favorable  the  previous  fall  and 
large  populations  successfully  hibernate,  an  extremely  dry  spring, 
such  as  occurred  in  1926,  proves  disastrous  to  beet  growers.  Under 
such  conditions  the  mustards  attain  a  short  rapid  growth  (pi.  6,  A) 
but  are  killed  as  a  consequence  of  drought,  while  Salsola  pestifer  and 
Atriplex  rosea  either  do  not  germinate  at  all  or  are  killed  off  before 
reaching  a  height  of  more  than  a  few  inches.  On  such  occasions  there 
is  a  general  movement  of  E.  tenellus  from  environments  which  are 
no  longer  suitable.  It  is  during  seasons  of  this  type  that  the  most 
severe  damage  is  done  to  beet  fields.  If  the  drying  up  of  the  desert 
is  uneven,  the  movement  of  the  insect  is  likely  to  be  of  a  dribbling 
type,  such  as  occurred  in  1928. 

The  movements  into  beet  fields  which  occur  to  some  extent  appar- 
ently every  year  in  the  area  studied  are  more  difficult  to  explain,  but 
from  the  experiences  of  1925  and  1927  the  same  explanation,  i.  e.,  an 
unfavorable  host-plant  condition,  probably  holds  true.  The  suc- 
cession of  host  plants  throughout  the  season  is  such  as  to  force  the 
conclusion  that  tenellus  populations  on  S.  pestifer  arise  from  tenellus 
individuals  which  moved  there  during  the  early  spring  from  some 
other  host  plant.  If  S.  pestifer  is  so  favorable  a  host  plant,  why  are 
there  migrations  into  beet  fields  in  years  when  that  plant  is  present  in 
a  succulent  condition  at  the  time  of  the  migration? 

In  the  fall  of  the  year  there  is  a  concentration  of  the  insect  on 
those  plants,  even  in  pestifer  stands,  which  are  most  favorable  late  in 
the  season.  In  the  spring  the  insect  moves  off  to  the  mustard,  and 
in  the  course  of  the  early  season  becomes  well  distributed  throughout 
the  mustard  areas.  These  are  very  considerable  in  extent,  often  in 
pure  stands,  with  S.  pestifer  more  or  less  limited  to  the  roadsides. 
The  late  spring  movement  of  the  insect  to  S.  pestifer  is  probably  a 
matter  of  the  contiguity  of  the  pestifer  to  the  mustards  from  which 
the  insect  moves.  That  E.  tenellus  will  move  from  plant  to  plant 
within  a  small  area  has  been  demonstrated  before  (6).  Even  more 
striking  evidence  is  contained  in  the  data  from  the  Castleford  station 
(Table  19),  where  the  movement. of  E.  tenellus  to  a  small  patch  of 
iS.  altissimum,  which  continued  green  after  the  surrounding  plants 
had  been  defoliated  and  had  died,  is  clear  from  the  population  data. 
The  fact  that  populations  of  the  insect  on  S.  pestifer  increase  gradually 
throughout  the  season,  without  any  apparent  sudden  diminution, 
supports  the  hypothesis  that  the  insect  does  not  normally  migrate 
from  S.  pestifer.  The  movement  from  the  mustards  has  probably 
two  directions,  one  to  S.  pestifer  which  happens  to  be  growing  close 
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to  the  edge  of  a  mustard  stand,  and  the  other  to  the  cultivated  areas. 
In  this  way  the  maintenance  of  the  insect  on  the  desert  is  provided 
for  as  long  as  the  host  plant  succession  is  complete. 

In  1927  there  was  a  movement  of  leaf  hoppers  on  June  13.  At 
this  time  S.  altissimum  and  S.  sophia  were  green  and  succulent 
apparently  from  Pocatello,  Idaho,  to  Portland,  Oreg.  S.  Jilipes 
(Table  19)  was  fully  mature  and  seeded  at  that  time  and  there  were 
considerable  areas  of  this  species  present.  Other  factors  than  those 
already  suggested  may  and  probably  did  operate  during  the  season 
of  1927.     In  the  data  from  the  Castleford  station  the  factor  of  com- 

getition  suggests  itself  strpngly.  Larvae  of  PluteUa  macvlipennis 
ad  stripped  the  leaves  and  even  the  flowers  of  S.  altissimum,  and 
this  condition  was  evident  over  the  entire  breeding  ground.  (PI.  6,  B.) 
Another  factor  for  consideration  is  that  of  a  migratory  instinct  when 
the  spring  brood  has  made  its  appearance.  It  is  difficult  to  separate 
this  from  consideration  of  host-plant  conditions,  since  the  spring  host 
plants  are  well  on  the  way  to  maturity  when  the  spring  brood  appears. 
The  competition  of  other  species  has  been  mentioned,  but  the  move- 
ment into  the  beet  fields  in  1927  was  certainly  not  due  to  overcrowd- 
ing of  E.  tenellus,  because  just  prior  to  the  migration  the  usual  methods 
of  quantitative  collecting  showed  very  few  E.  tenellus  in  50  or  100 
sweeps  of  the  net.  The  mstinct  on  the  part  of  the  insect  to  migrate 
when  the  spring  brood  has  developed  may  be  a  response  to  a  stimulus 
brought  about  by  maturing  plant  tissue.  The  insect  certainly 
continues  in  the  desert  on  the  mustards  as  long  as  there  are  any 
plants  left  which  are  still  green  and  succulent. 

EUTETTIX  TENELLUS  AND  THE  INSECT  COMMUNITY 

The  insect  community  at  any  given  time  represents  a  summarized 
effect  of  a  large  number  of  factors,  physical  and  biotic,  external  and 
internal,  interrelated  and  independent.  This  leads  to  the  concept  of 
the  community  as  an  entity.  As  in  any  other  community,  certain 
species  dominate  or  predominate  according  as  they  are  fitted  by 
structure,  adaptability,  or  reproductive  power  to  use  the  environ- 
ment more  efficiently  or  economically  than  others.  In  an  environ- 
ment which  normally  limits  a  species  to  an  inferior  position  in  the 
community,  abnormal  conditions  for  a  short  time  during  a  critical 
period  may  elevate  such  a  species  temporarily  to  predominance. 
Such  was  the  case  during  1927  with  Plutella  macvlipennis  in  southern 
Idaho. 

Observations  in  the  same  localities  over  a  series  of  years  will  provide 
data  on  when  these  periods  of  predominance  occur  as  well  as  on  the 
possible  factors  responsible.  Since  insect  outbreaks  are  often  in- 
stances of  just  such  occurrences,  the  desirability  of  observations  on 
insect  communities  is  obvious.  If  a  species  is  consistently  predomi- 
nant, such  predominance  can  be  taken  as  evidence  that  the  environ- 
ment is  of  an  optimum  nature  for  that  particular  species.  The  con- 
verse does  not  necessarily  hold  true,  since  the  biotic  potential  of  in- 
sects differs  so  much  that  a  species  may  be  at  optimum  and  yet  not 
be  predominant. 

In  Table  21  are  data  on  the  principal  species  represented  in  the 
quantitative  collections.  As  previously  mentioned,  data  from  a 
series  of  years  are  necessary  before  interspecific  relationships  can  be 
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Plate  6 


Plants  of  sisymbrium  altissimum 


A,  Plants  of  S.  altissimum  abnormally  mature  and  stunted  because  of  drought;  B,  solitary 
plant  of  S.  altissimum  with  lower  leaves  remaining  but  with  small  leaves  gone  and  stem's 
covered  with  pupal  cases  of  Plutella  maculipennis. 
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worked  out,  but  the  data  for  this  one  season  point  to  the  following 
general  conclusions: 

(1)  Only  a  few  species  are  represented  by  more  than  one  or  two 
specimens  per  collection  of  100  sweeps. 

(2)  The  entire  area  covered  by  the  desert  observation  stations  is 
fairly  homogeneous  with  respect  to  insect  fauna. 

(3)  The  mustards,  with  their  rapid  growth  in  the  spring,  furnish 
opportunity  for  predominance  of  leaf-eating  forms  of  wide  geographic 
distribution.  This  predominance  is  lost  later  in  the  season  to  other 
species  which  are  able  to  take  advantage  of  the  host-plant  succession. 

(4)  E.  tenellus,  having  capacity  to  use  environments  beyond  the 
hmits  of  tolerance  of  some  other  species,  as  far  as  the  physical  factors 
are  concerned,  succeeds  to  a  predominance  often  amounting  to 
numbers  greater  than  all  other  species  combined. 

(5)  The  factor  of  competition  between  species  is  obviously  greater 
early  in  the  season  and  on  the  mustards.  This  competition  is  impor- 
tant from  the  standpoint  of  the  environment,  being  favorable  for 
tenellus  at  the  critical  time  in  the  development  of  the  sugar  beet. 

(6)  After  E.  tenellus  is  established  on  Salsola  pestifer  there  is  Httle 
competition  on  the  part  of  other  species,  and  it  is  evident  that  move- 
ment from  Salsola  is  unlikely  under  normal  conditions. 

The  insects  mentioned  in  Table  21  include  one  species  of  Lepi- 
doptera,  Plutella  maculipennis  Curt.;  nine  species  of  Hemiptera, 
Eutettix  tenellus  Baker,  Nysius  ericae  (SchilL),  Lygus  elisus  Van  D., 
Agallia  sanguinolenta  (Prov.),  Plagiognathus  longipennis  Uhl.,^  At- 
moscelis  modestus  (Van  D.),  Geocoris  bullatus  (Say),  Euscelis  exitiosus 
(UhL),  and  a  species  of  Thamnotettix;  also  Phyllotreta  albionica  Lee, 
a  chironomid,  a  braconid,  a  dipteron,  a  coleopteron,  spiders,  ants, 
bee  flies,  macrolepidopterous  larvae,  nymphs  of  a  hemipteron,  grass- 
hopper nymphs,  and  some  incidental  species. 

1  This  species  is  so  similar  in  general  facies  to  Orthotylus  coagulatus  Uhl.  that  the  numbers  given  in  the 
table  include  both  species. 
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THE    WINTER    ENVIRONMENT    AND    HIBERNATION    OF    EUTETTIX 

TENELLUS 

EXPERIMENTS  OF  1325-26  AND  1926-27 

Field  studies  in  hibernation  during  the  winter  of  1925-26  failed 
through  faulty  technic.  The  insects  were  placed  in  1-pint  cartons, 
which  were  ventilated  at  both  ends  through  openings  covered  with 
small  pieces  of  wire  gauze.  The  experiments  were  planned  on  the 
assumption  that  under  Idaho  conditions  the  insect  would  imdergo 
true  hibernation.  Observations  demonstrated  that  such  is  not  the 
case.  E.  tenellus  in  southern  Idaho  does  not  hibernate;  it  simply 
responds  to  temperatures  below  its  developmental  zero  by  becoming 
inactive.  At  some  time  during  every  month  of  the  winter  of  1925-26 
E.  tenellus  were  captured  which  were  sluggish  but  nevertheless  active. 
The  indications  are  that  the  overwintering  insect  is  so  constituted 
that  it  can  take  advantage  of  periods  of  active  temperature,  even 
though  they  are  of  short  duration,  during  the  entire  winter.  (Fig.  1, 
A.)  Hibernation  cages  for  these  studies  must  contain  suitable  food 
or  the  insects  will  perish  from  starvation  during  the  winter. 

The  cases  used  for  studies  during  the  winter  of  1926-27  were  built 
to  meet  this  need  for  food.  The  large  cages  each  had  a  wooden  base 
containing  soil  about  10  inches  deep  in  which  host  plants  were  planted. 
(PI.  7,  A.)  The  covers  were  of  cloth  or  of  a  commercial  ^lass  substi- 
tute. Covers  of  celluloid,  such  as  is  used  for  automobile  curtains, 
were  used  over  host  plants  set  in  10-inch  pots.     (PI.  7,  B.) 

In  one  series  of  large  cages  covered  with  cloth  or  a  commercial  glass 
substitute,  250  females  were  placed  in  each,  together  with  a  varying 
number  of  males.  The  collections  were  made  during  the  first  11  days 
of  September.  The  results  are  given  in  Table  22.  In  another  series 
of  similar  cages  the  number  of  tenellus  used  was  not  uniform,  but 
ranged  from  36  to  250  females  per  cage.  These  were  collected  during 
October  and  November.     The  data  are  presented  in  Table  23. 

In  the  smaller  cages  covering  the  pots,  50  females  were  placed  in 
each  cage.  The  collection  period  was  from  September  1  to  October  21 . 
The  data  are  shown  in  Table  24. 


Table  22. — Data  on  hibernation  of  Eutettix  tenellus  collected  during  the  early 
,      part  of  September,  1926;  250  females  to  each  cage;  Twin  Falls,  Idaho 


Date 
col- 
lected 

Date 

Number 

Type  of 
cage 

Food  supply 

cage 

brought 

in 

insects 
recov- 
ered 

Remarks 

1926 

1927 

Sept.   9 

Cloth.... 

Beets  and  grass.. 

Mar.  17 

39 

Some  distinctly  light-colored  forms.  Devel' 
oping  ovaries  in  50  jier  cent. 

7 

Glass 
substi- 
tute. 

do 

...do.... 

50 

Also  1  last-instar  nymph  which  emerged  as 
adult  in  2  days  at  85°  F. 

4 

Cloth.... 

S.  pestifer 

Mar.  18 

0 

No  food;  thistle  dead  and  no  other  plants  in 
cage. 

8 

Glass 
substi- 
tute. 

do 

...do.... 

0 

No  food.    Spider  web  in  cage. 

4 

...do 

Knotgrass    and 
rank  grass. 

...do...- 

5 

11 

Cloth.... 

Knotgrass    and 
grass. 

...do.... 

16 
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Table  23. — Data  on  hibernation  of  Eutettix  tenellus  collected  during  October  and 
November,  1926;  Twin  Falls,  Idaho 


Date  col- 
lected 

Type  of  cage 

Food  supply 

Date  cage 

brought 

in 

Number 
insects 
recov- 
ered 

Remarks 

1926 
Oct.    25   to 

Nov.  11. 
Oct.    25   to 

Nov.  17. 

Nov.  8-17... 

Nov.  23 

Oct.  9 

Do... 

Glass  substitute- 
Cloth 

do 

Glass  substitute. 
do 

Cloth    . 

Knotgrass    and 

grass. 
do 

S.   pestifer  and 
grass. 

do... 

Beets  and  grass.. 

do 

1927 
Mar.  26 

...do 

Mar.  28 

...do..... 
Mar.  31 

7 
0 

4 

0 
17 

3 

150  females  put  in.    Spider  a  factor. 

132  females  put  in.  Agallia  re- 
covered, but  no  record  of  number 
caged. 

6  Agallia  recovered.  162  female 
tenellus  put  in. 

37  females  put  in. 

Developing  ovaries  in  50  per  cent. 
250  females  put  in  cage. 

36  females  put  in. 

Table  24. — Data  on  hibernation  of  Eutettix  tenellus  in  celluloid  cages  placed  over 
host  plants  in  pots,  1926  and  1927;  50  females  to  each  cage;  Twin  Falls,  Idaho 


Date 
collect- 
ed 

Food  supply 

Date  cage 
brought  in 

Number 
insects 
recov- 
ered 

Remarks 

1926 

Sept.    1 

2 

3 

14 

14 

17 

17 

25 

Beets  and  grass 

"-■-do:"::::"::::"": 
:::::do:::::::::::::::::: 

do 

:::::do"":::::"" 

Dec.  23,  1926 
Dec.  30,  1926 
Dec.  23,  1926 
Dec.  30,  1926 
Jan.     3,  1927 
Dec.  31,  1926 
Dec.  30,  1926 
Feb.  21,  1927 
Feb.    5,  1927 

do 

do 

23 

19 

11 

16 

18 

22 

(?) 

1 

0 

13 

0 

0 

0 

0 

0 

0 

0 

1 

0 

14 

12 

2 

14 

5 

8 

0 
6 
2 

2  nymphs. 

22 

A.  rosea 

No  food 

24 
24 

Knotgrass  and  grass 

Knotgrass 

Developing  ovaries  in  8. 
No  food. 

25 

S.  pestifer 

Feb.  28,  1927 
Feb.  21,  1927 
Feb.  28,  1927 

do 

Dec.  21,  1926 
do 

Do. 

Oct.      2 
4 
4 

6 

do 

do 

do 

Beets 

Do. 
Do. 
Do. 

6 

.-    -do 

6 
6 
6 

do 

Beets  and  grass 

do 

Jan.     3,  1927 
Dec.  27,  1926 
Jan.     6,  1927 
do 

21 

Rank  knotgrass.. 

Sept.    3 
25 

Oct.    16 
15 

4 

Beets  and  grass 

Knotgrass  and  grass 

Rank  knotgrass 

S.  pestifer..  .. 

Feb.  17,  1927 

do 

do 

Feb.  23,  1927 

Feb.  25,  1927 
Feb.  23,  1927 
Feb.  25,  1927 

Developing  ovaries.    A  half-grown  parasite. 

11  Agallia  also.    2  tenellus  with  developing 

ovaries. 
No  food. 

21 
6 

Rank  knotgrass 

Knotgrass  and  grass 

Spider  in  cage. 

An  analysis  of  the  data  of  Tables  22  and  23  indicates  that  E.  tenellus 
collected  early  in  September  survived  the  winter  better  than  those 
collected  in  October,  the  percentage  of  survival  being  11  per  cent  in 
the  case  of  September  collections  and  4  per  cent  for  the  October 
collections. 

The  insects  were  all  from  the  same  source,  the  only  difference  being 
that  the  later  collections  were  of  insects  which  had  perforce  left  the 
beet  field  and  were  feeding  on  the  plants  growing  along  the  fence 
rows.  Feeding  on  some  of  these  may  have  reduced  the  capacity  of 
the  insect  to  survive  the  winter. 

The  importance  of  food  during  the  winter  is  emphasized  by  the 
data.     In  no  case  where  the  fall  host  plant  alone  (S.  "pestifer  or  A. 
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rosea)  was  available  in  the  cages  did  the  insect  survive.  The  beet 
plants  remained  suitable  for  food  during  the  entire  winter. 

Data  in  Table  24  (celluloid  cages,  50  females  to  each  cage)  indicate 
that  the  number  recovered  was  very  high  for  early  collections  brought 
in  during  the  latter  part  of  December.  Before  the  end  of  this  period 
temperatures  below  0°  F.  had  been  encountered.  This  was  followed 
by  a  period  of  milder  weather  until  January  21,  when  there  was 
another  period  of  three  days  of  temperatures  below  zero.  Collections 
brought  into  the  laboratory  after  this  second  period  of  cold  weather 
had  a  lower  rate  of  recovery,  although  the  number  of  cases  available 
is  not  sufficient  for  conclusive  evidence.  The  general  indication  is 
that  the  later  the  collection  and  the  longer  the  exposure  to  tempera- 
tures below  zero,  the  greater  the  rate  of  mortality.  Figure  1,  B, 
shows  that  temperatures  in  the  celluloid-covered  hibernation  cages 
fluctuated  considerably  as  compared  with  those  at  the  soil  surface. 

One  of  the  celluloid-covered  cages  which  was  brought  in  December 
30,  1926,  showed  a  recovery  of  23  females  and  2  nymphs.  The  insects 
were  returned  to  the  cage  and  on  the  evening  of  the  same  day  the 
cage  was  placed  outdoors  for  a  second  time.  The  minimum  standard- 
shade  temperature  that  night  was  10°  F.  The  next  morning  the  cage 
was  brought  into  the  laboratory  again,  and  18  females  recovered.  A 
duplicate  of  this  experiment  showed  an  initial  recovery  of  11  females 
but  none  recovered  after  the  second  exposure. 

Three  cages  brought  in  from  the  field  January  6,  1927,  were  used  for 
a  similar  experiment.  The  insects  were  returned  to  the  cages  and 
taken  outdoors  on  January  7.  The  minimum  temperature  from  that 
date  to  January  19  was  23°  F.  Snow  commenced  to  fall  on  that  date, 
so  one  cage  was  brought  into  the  laboratory  as  a  check  and  the  tops 
were  removed  from  the  other  two  cages  to  expose  the  insects  to  the 
snow.  Rain  followed  that  same  day  and  more  snow  the  following 
day.  Minimum  temperatures  of  below  zero  prevailed  for  the  follow- 
ing three  days.  The  tops  of  the  cages  were  replaced  and  the  cages 
returned  to  the  laboratory  January  25.  None  of  the  insects  recovered . 
In  the  check  cage  all  the  insects  recovered. 

The  data  in  the  two  preceding  paragraphs  are  the  results  of  experi- 
ments on  the  effect  of  alternate  freezing  and  thawing  and  exposure  to 
contact  moisture.  The  results  indicate  that  exposure  to  contact 
moisture  prior  to  the  incidence  of  low  temperatures  was  a  factor  in 
lessening  the  resistance  of  the  insect  to  low  temperatures. 

EXPERIMENTS  OF  1927-28 
HIBERNATION    STUDIES 

In  the  hibernation  studies  of  the  winters  of  1927-28  the  type  of 
cage  covering  was  standardized,  unbleached  muslin  being  used 
exclusively.  (PL  8.)  This  was  decided  upon  because  the  experience 
of  the  previous  season  had  shown  that  the  other  materials  used  did 
not  materially  affect  the  temperatures  on  the  soil  surface,  whereas 
the  celluloid  cages  used  on  the  large  plant  pots,  though  providing 
more  fluctuating  temperatures,  were  of  such  construction  as  to  make 
accurate  measurement  of  temperatures  very  doubtful. 

The  suggestions  furnished  by  experiments  of  the  1926-27  season, 
indicating  that  time  of  collection  and  exposure  to  winter  moisture 
conditions  were  of  significance,  were  followed.     The  small  cages  were 
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Hibernation   Cages   Used   in   the  Winter  of   1926-27  at  Twin   Falls. 

Idaho 


A,  Large  cages  with  covers  of  a  glass  substitute;  B,  small  celluloid  cages  over  plants  in  10-inch  pots. 
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brought  in  in  two  lots  a  month  apart;  the  large  cages  were  so  con- 
structed that  one  half  could  be  exposed  to  rainfall  and  snow,  and  the 
other  half  left  covered.  In  each  large  cage  150  female  tenellus  were 
placed  in  each  side.  A  varying  number  of  males  were  put  into  each 
cage.  When  the  Salsola  pestyfer  was  transplanted  into  the  cages, 
seed  of  S,  altissimum  and  S.  sophia  was  scattered  on  the  soil  to  germi- 
nate during  the  late  fall  and  provide  food  when  the  S.  pestifer  was 
completely  dried  up. 

The  results  of  two  experiments  on  the  effect  of  wet  soil  surface  are 
recorded.  (Table  25.)  In  these  cases  one  side  of  the  cage  was  fitted 
with  a  tight  metal  base  (pi.  8)  which  was  filled  with  soil,  the  host 
plants  were  transplanted,  and  the  soil  was  then  kept  wet.  This  side 
of  the  cage  was  also  fitted  with  the  removable  top  used  in  the  other 
large  cages. 

Table  25. — Hibernation  studies  in  large  cloth  cages,  150  Eutettix  tenellus  on  exposed 
side  and  160  on  closed  side;  brought  in  from  field  March  1  to  4,  1928,  Twin 
Falls,  Idaho 


Date  in- 
sects 
were 
col- 
lected 

Hosts  from  which  in- 
sects were  collected 

Hosts  in  cage 

Num- 
ber re- 
cov- 
ered in 

ex- 
posed 
side 

Num- 
ber re- 
cov- 
ered in 
closed 
side 

Remarks 

1927 

Beets 

Beets  and  mustards-.. 
do 

S.  pestifer  and  mus- 
tards. 
do— 

-...  do -- 

34 
25 
31 

44 

7 

60 

58 

35 

2 

81 

29 

16 

5 

3 

0 

0 
0 

1 

0 

36 
52 
29 

76 

60 

82 
53 
46 
19 

55 
48 

8 
14 

0 

0 

2 

8 

25 
53 

Sept.    1 

—.do 

S.  pestifer 

..-.do 

....do 

....do. 

One  nymph  recovered  from  ex- 

posed  side. 
Food  supply  on  exposed  side 

doubtful. 

15 

do- 

Beets    

Beets        

-.-do.. 

S.  pestifer 

do. 

S.  pestifer  and  mus- 
tards. 

Beets  '""II — — IIIIIII 

27 

-..do 

Beets 

Oct     10 

.—do- 

do 

do. - 

do 

Holes  in  cage. 

I— -do- - - 

(S.  pestifer       

Polygonum  and  grass, 
typical       fence-row 
complex. 

S.  pestifer  and  mus- 
tards. 

Rabbit  brush 

No  food,  because  mustards  did 

22 

[Rabbit  brush 

Freshly  germinated 

S.  altissimum. 
[S.  pestifer - 

not  germinate. 

^^ov.    2 

Freshly  germinated  S. 
altissimum. 

S.  pestifer  and  mus- 
tards. 

Cloth  rotted  on  the  exposed 

Sept.  27 1 

[Beets 

side;  escape  was  possible. 
Exposed  side  had  thin  coat  of 

ice  over  soil  surface.    Plant 
was  in  fair  condition. 

1  These  2  cages  were  fitted  with  a  metal  base  on  the  exposed  side  and  the  soil  was  saturated  with  water. 

On  December  10,  1927,  a  snowstorm  started,  so  the  removable 
tops  were  taken  from  all  the  large  hibernation  cages.  Because  of  the 
height  and  position  of  the  cages,  all  did  not  receive  an  equal  fall  of 
snow,  but  enough  to  provide  some  free  water  in  the  cage  with  the 
first  thaw.    The  tops  were  left  off  until  December  29. 

Table  25  presents  the  data  obtained  from  the  large  cages.  The 
recovery  in  the  exposed  sides  of  these  cages  compared  with  that  from 
those  not  exposed  strongly  supports  the  hypothesis  that  wetting  or 
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exposure  to  contact  moisture  reduced  the  capacity  to  hibernate. 
This  was  even  more  pronounced  in  the  case  of  the  cage  where  the 
exposed  half  was  underlaid  with  saturated  soil. 

The  data  from  the  small  cages  are  presented  in  Tables  26  and  27. 
The  indications  that  appeared  in  the  1926-27  results  that  the  time 
of  collection  had  some  effect  on  hibernation  are  not  supported  by 
the  results  of  these  experiments.  This  effect  may,  however,  be  asso- 
ciated with  the  environmental  complex  as  it  occurred  in  that  season, 
even  though  the  factors  responsible  are  not  understood. 

Table  26. — Hibernation  studies  in  small  cloth  cages,  60  Eutettix  tenellus  to  each 
cage;  brought  in  from  field  January  2  and  S,  1928;  Twin  Falls,  Idaho 


Date  in- 
sects 

were  col- 
lected 

Hosts  from  which  In- 
sects were  collected 

Hosts  in  cage 

Num- 
ber re- 
covered 

Remarks 

1927 
Sept.   3 

Salsola  pestifer 

Beets         

Salsola  pestifer  and  mustards. 
Beets         • 

4 

0 

19 

35 

24 

22 

22 

36 

26 

12 

25 

11 

11 

13 

3 

22 

9 

0 

18 

22 

Food  supply  doubtful. 
No  food 

1-— do 

S.  pestifer 

do 

S.  pestifer  and  mustards 

Beets 

8 

Beets         ... 

-...do 

Polygonum 

16 

....do 

..-do 

S.  pestifer 

do 

Beets 

Spider  web. 

S.  pestifer  and  mustards 

Polygonum      .-  . 

Beets        

21 

.—do 

S.  pestifer 

Beets 

S.  pestifer  and  mustards 

Beets             

/Beets        

27 

\....do 

S.  pestifer 

Polygonum 

Oct.     6 

S.  pestifer  and  mustards 

Beets           

15 

Beets        

17 

do      . 

Polygonum 

18 

S.  pestifer 

S.  pestifer  and  mustards 

Beets         

Food  doubtful. 

Nov.    4 

/Beets      

[       do         

Polygonum 

Table  27. — Hibernation  studies  in  small  cloth  cages,  50  Eutettix  tenellus  in  each 
cage;  brought  in  from  field  February  1  to  3,  1928;  Twin  Falls,  Idaho 


Date  in- 
sects 

were  col- 
lected 

Hosts  from  which  in- 
sects were  collected 

Hosts  in  cage 

Num- 
ber re- 
covered 

Remarks 

1927 

/Beets    

Polygonum      

12 
10 
21 
19 
19 

33 
1 
6 

10 

13 

11 
8 

17 
7 

19 
3 
0 

10 
0 

Food  dried  up;  small  plant  of 

—do 

Salsola  pestifer 

Beets 

Beets 

8 

Salsola  pestifer  and  mustards. 
Beets              .          

.    do 

Polygonum 

....do 

8.  pestifer 

Beets 

S.  pestifer  and  mustards 

Polygonum      

Food  gone;  Sophia  sophla  had 
germinated  and  died. 

Beets 

21 

-...do 

S.  pestifer  .  .  . 

Beets           

S.  pestifer  and  mustards 

Beets 

No  food. 

Beets 

27 

.—do 

S.  pestifer 

Polygonum      .. 

Only  dry  Polygonum  in  cage. 

8.  pestifer  and  mustards 

Polygonum 

Grass  only  in  cage. 

Beets 

Qrass  and   Sisymbrium  altissi- 

Oct.     7 

-..do 

....do 

do 

do 

Beets              .         .  . 

mum  in  cage. 

do 

16 

/....do 

t-.-.do 

8.  pestifer 

do 

Polygonum      

Onlv  dry  Polygonum  in  cage. 

20 

8.  pestifer  and  mustards 

Beets 

Nov.    4 

/Beets        

[ do      

Polygonum 

No  food 
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The  results  in  Tables  26  and  27  indicate  that  some  reduction  in 
numbers  took  place  in  the  field  cages  from  January  2  to  February  1. 

By  a  comparison  of  the  experiments  of  the  two  winters  1926-27 
and  1927-28,  it  is  seen  that  the  percentage  of  survival  was  much 
greater  in  1927-28  than  it  was  the  preceding  winter,  even  though  the 
difference  can  not  be  explained  on  a  basis  of  differences  in  soil- 
surface  temperatures. 

LABORATORY    EXPERIMENTS    ON    THE    EFFECT    OF    LOW    TEMPERATURES 

A  commercial  ice  house  was  used  for  most  of  the  experiments  with 
low  temperatures.  In  the  earliest  experiment  (Table  28)  the  insects 
were  caged  over  small  beets,  but  this  method  was  abandoned  and 
thick-walled  tubes,  lined  with  blotting  paper,  were  used  as  cages. 

In  one  experiment  four  tubes,  each  containing  30  E.  teneUus  col- 
lected from  beets  and  S.  pestifer  on  September  18,  1927,  were  placed 
in  a  commercial  ice  house  in  which  the  temperature  varied.  At  the 
end  of  2,  4,  6,  8,  10,  and  12  hours,  respectively,  the  temperatures 
were  -5°,  -3°,  -1°,  -6°,  0,  and  -5°  F.  Two  tubes  were  ex- 
amined at  the  end  of  8  hours,  and  two  at  the  end  of  12  hours.  All 
the  insects  were  dead. 

In  another  experiment  four  tubes,  each  containing  30  E.  tenellus 
collected  from  beets  and  S.  pestifer  on  September  16,  1927,  were 
placed  in  a  commercial  ice  house  with  a  constant  temperature  of 
— 12°  F.  The  insects  in  two  tubes  showed  feeble  movements  when 
examined  at  the  end  of  four  hours,  but  all  died.  The  insects  in  the 
two  other  tubes  were  all  dead  when  examined  at  the  end  of  six  hours. 

The  data  from  other  similar  experiments  are  presented  in  Tables 
28  to  32. 


Table  28. — Data  on  Eutettix  tenellus  in  cages  exposed  to  varying  temperatures' 

July  27,  1926 

(Twenty  insects  were  caged  over  each  of  10  beet  plants  in  a  commercial  ice  house  at  a  temperature  which 
varied.  Temperature  at  end  of  each  period  is  listed  in  the  table.  Plants  exposed  for  one  hour  were  not 
injured;  all  the  others  were  frozen.  Position  ofinsects  on  being  brought  into  higher  temperature  showed 
that  they  had  sought  cracks  in  the  soil.) 


Time  of  exposure  (hours) 

Temper- 
ature at 
end  of 
period 

Series  1 

Series  2 

Recovered 

Dead 

Recovered 

Dead 

1 

op      j 

16                  20 

0 
18 
16 
19 
17 

20 
2 
3 

1 
2 

0 

2 

15 
-2 
-2 

-2 

2 
4 
1 
3 

18 

4 

17 

6 

19 

8 

18 

Table  29. — Data  on  Eutettix  tenellus,  25  per  tube,  in  10  wide  glass  cylinders  lined 
with  blotting  paper,  exposed  in  a  commercial  ice  house  with  varying  temperature, 
July  29,  1926 


Time  of  exposure  (hours) 

Temper- 
ature at 
end  of 
period 

Series  1 

Series  2 

Recovered 

Dead 

Recovered 

Dead 

1 

op 

-5 
-15 
-15 
-15 

-6 

14 
0 
0 
0 
0 

11 
25 
25 
25 
25 

115 
3 
0 
0 
0 

8 

2...     .                  

22 

4 

25 

6 

25 

8 

25 

1 2  can  not  be  accounted  for;  probably  escaped. 
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Table  30. — Data  on  Eutettix  tenellus  in  10  glaaa  cylinders  lined  with  blotting  payer, 
each  containing  25,  placed  in  a  commercial  ice  house  at  —14°  P-i  insects  taken 
from  beet  fields  August  S,  1927 


Series  1 

Series  2 

Time  exposed  to  cold 
(hours) 

Recovered 

Dead 

Recovered 

Dead 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

1 

10              0 
5                 2 

12 
14 

i 

3 
3 

(?) 

9 
»2 
(') 

7 
0 

1 
8 

s 

2              .         

0 

8 

(*)               (*) 

6 

(»)        i        (») 

8 

(»)               («) 

i  6  insects  not  accounted  for. 


)  AU  dead. 


Tablb  31. — Data  on  Euttetix  tenellus  collected  September  1,  1927,  placed  in  six 
tubes,  30  to  each  tube,  and  exposed  in  an  ice  house  at  a  temperature  of  -10°  F. 


Insects  from  beet  field 

Insects  from  Salsola  pcstifer 

Time  exposed  to  cold 
(hours) 

Recovered 

Dead 

Recovered 

Dead 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

1  .       - 

16 

7 
(») 

7 
(») 

0 

»7 
«0 

7 
(») 
1 

8 
(») 
16 

S 

2 

(*) 

4 

13 

>  3  insects  not  accounted  for. 


!  All  dead. 


Table  32. — Data  on  Eutettix  tenellus  collected  September  15,  1927,  following  rain 
and  frost,  and  exposed  in  4  tubes,  SO  to  a  tube,  in  an  ice  house  at  6°  to  8°  F. 


0 

Time  exposed  to  cold  (hours) 

Insects  from  beet 

Insects  from  Salsola 
pestifer 

Recovered 

Dead 

Recovered 

Dead 

2 

28 
23 

2 

7 

28 
16 

2 

4 

14 

Table  33  lists  data  obtained  by  confining  the  insects  in  a  silk  bolting- 
cloth  bag  which,  with  a  thermocouple  inserted,  was  pushed  to  the 
bottom  of  a  thick-walled  glass  tube.  The  tube  was  then  hun^  within 
a  copper  expansion  coil  and  the  temperature  reduced  by  passing  car- 
bon dioxide  through  the  coil. 
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Table  33. — Data  on  Eutettix  tenellus  brought  into  the  laboratory,  placed  in  freez- 
ing tubes,  and  subjected  to  low  temperatures  obtained  by  use  of  carbon  dioxide^ 
1926  and  1927 


Date 

Lowest 
temper- 
ature 

1926 
Sept.    8 

5 

14 

7 

Nov.  17 

-36.5 

17 

-7 

17 

-7 

122 

-2 

23 

5.4 

25 

-2 

1927 
Aug.     6 

-7 

6 

0 

Sept.     9 

7 

15 

7 

15 

1 

15 

-2 

Time  factor 


Remarks 


Immediately    withdrawn    from 

tube. 
Held  at  7°  for  7  minutes;  warmed 

up  in  15  minutes  more. 

5  minutes  going  down.    Taken 

out  at  once. 
Down  in  15  minutes;  warmed  up 

slowly. 
Removed  instantly  from  tube — 

Down  in  45  minutes;  warmed  up 

slowly  for  35  minutes. 
Down  in  15  minutes;  warmed  up 

in  10  minutes. 
Down  in  5  minutes  from  32"; 

warmed  up  slowly. 

Down  in  4  minutes;  60  minutes 

to  warm  up. 
Down  in  8  minutes;  25  minutes 

to  warm  up. 
Down  in  6  minutes;  60  minutes 

to  warm  up. 
Down  in  15  minutes;  30  minutes 

to  warm  up. 
Down  in  10  minutes;  45  minutes 

to  warm  up. 
Down  in  20  minutes;  25  minutes 

to  warm  up. 


26  adults  and  4  nymphs  from  field.  Only  2 
adults  killed,  which  were  males;  2  nymphs  dead. 

9  adults,  2  dead.  7  nymphs,  3  dead.  Recovered 
specimens  not  normal.  1  adult  fluttered  its 
wings  at  a  great  rate.    Nymphs  all  groggy. 

All  dead. 

3  out  of  12  survived.    All  males. 

I  partly  recovered.  All  were  dead  in  30  minutesi 
Males. 

II  males,  7  females*    None  recovered. 


From  same  lot  as  preceding  experiment. 

males,  7  females.    5  females  recovered. 
10  males.    All  dead. 


11 


No    recovery    of   tenellus.    1    Agallia    nymph 

survived. 
No  recovery. 

All  recovered,  including  nymphs,  except  1  male 

and  1  female. 
All  recovered  except  3  males. 

All  recovered  except  4  males. 

None  recovered. 


Wet  weather  began  soon  after  Nov.  17,  1926. 


DISCUSSION  OF  THE  HIBERNATION  STUDIES 

The  temperature  data  of  Tables  2  and  3  and  Figures  5,  6,  and  7 
are  of  great  interest  in  connection  with  the  data  on  the  overwintering 
of  the  insect.  From  these  tables  it  is  seen  that  at  no  time  during 
the  winters  of  1926-27  and  1927-28  was  the  insect  in  contact  with 
temperatures  which  could  be  considered  lethal  on  the  basis  of  the 
laboratory  tests  recorded  in  Tables  42  to  47.  Populations  in  the 
field  in  the  fall  of  1926  were  generally  small;  but  even  in  the  few 
places  where  relatively  high  populations  were  present,  it  was  extremely 
difficult  to  find  the  insect  in  the  spring  of  1927.  The  overwintering 
populations  in  the  winter  of  1927-28  were  very  high  and  remained 
so  during  the  entire  winter.  From  the  standpoint  of  temperature, 
however,  these  two  seasons  differed  only  with  respect  to  air  tempera- 
tures. 

The  two  ''cold  snaps"  of  the  winter  of  1926-27  were  separated  by 
a  period  during  whi(^  active  temperatures  occurred  as  well  as  snow 
and  rain.  There  are  definite  indications  in  the  data  to  the  effect 
that  this  combinatipn  of  weather  conditions  may  have  had  some 
effect;  but  if  it  did,  the  lethal  temperatures  for  E.  tenellus  must  have 
been  raised  in  the  meantime,  since  there  is  nothing  in  the  temperature 
data  for  the  soil-surface  position  to  indicate  that  lethal  temperatures 
prevailed,  if  the  data  obtained  in  the  laboratory  can  be  used  as  the 
€riterion.  Since  for  three  winters  the  soil-surface  temperatures  have 
never  reached  those  experimentally  determined  as  lethal,  it  is  improb- 
able that  direct  action  of  low  temperature,  either  of  extremely  low 
temperature  for  a  short  time  or  of  moderately  low  temperature  for 
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a  longer  period,  is  ever  responsible  for  eliminating  the  overwintering 
E.  tenellus. 

That  there  is  a  relationship  between  low  standard-shade  tempera- 
tures and  leaf-hopper  attack  the  succeeding  season  is  clear  from  a 
study  of  the  past  records,  and  field  observations  during  three  winters 
have  indicated  that  there  is  a  difference  in  survival,  according  as  the 
winter  is  mild  or  severe,  as  judged  by  standard-shade  conditions. 

THE  ECONOMIC  APPLICATION  OF  THE  DATA 

PREDICTION  OF  INSECT  OUTBREAKS 

Where  control  measures  have  been  found  unsatisfactory  or  have 
not  been  found  at  all,  the  possibility  of  predicting  outbreaks  of  eco- 
nomic insects  has  often  been  considered.  In  some  instances  prepara- 
tions might  be  made  so  that  an  outbreak  could  be  better  handled  if 
advance  information  were  available.  A  recent  example  of  both  types 
is  to  be  found  in  Seamans's  (24,  25)  papers  on  forecasting  outbreaks 
of  the  pale  western  cutworm  and  the  army  cutworm  in  Alberta.  In 
the  case  of  the  former,  a  forecast  would  permit  necessary  cultural 
practices  to  be  followed  in  the  preceding  fall,  while  in  the  latter  case, 
preparations  could  be  made  to  deal  with  the  outbreak  when  it 
occurred.  De  Jong  {21)  reports  that  in  Holland  it  was  possible  to 
forecast  the  occurrence  of  a  number  of  tipulid  species  in  five  out  of 
six  years. 

Cook  has  made  important  contributions  to  the  literature  of  fore- 
casting, first  in  his  papers  on  distribution  {11^  13)  and  second  in  his 
papers  on  forecasting  outbreaks  of  the  pale  western  cutworm  (Poros- 
agrotis  orthogonia  Morr.)  {14,  15). 

His  most  recent  paper  {15)  is  an  attempt  to  estimate  probabilities 
of  certain  weather  conditions  occurring.  If  long-range  weather  fore- 
casting can  be  achieved,  predicting  of  insect  outbreaks  will  be  much 
simplified. 

Cook's  paper  on  Climatic  Variations  and  Moth  Flight  at  Bozeman, 
Mont.  {12),  IS  of  value  to  forecasting  because  it  discusses  the  ebb  and 
flow  of  entire  insect  faunas  and  the  relation  of  this  ebb  and  flow  to 
climatic  variations. 

Both  Seamans  and  Cook  propose  the  use  of  the  factor  of  rainfall  as 
a  basis  for  forecasts  of  pale  western  cutworm  outbreaks.  Seamans 
{24)  uses  the  number  of  wet  days  in  May  and  June,  a  wet  day  being 
defined  as  one  with  0.25  inch  of  precipitation  or  more.  Cook  {14j  15) 
uses  the  total  rainfall  in  May,  June,  and  July,  and  lays  emphasis  on 
the  importance  of  soil  moisture  as  the  critical  factor.  De  Jong  {21) 
uses  quantitative  data  on  the  insect  population^. 

In  this  bulletin  climatic  factors  are  referred  to  as  requiring  study  in 
order  that  the  effect  of  periods  of  drought  may  be  properly  evaluated. 

PREDICTING  OUTBREAKS  OF  EUTETTIX  TENELLUS  IN  CENTRAL-SOUTHERN   IDAHO 

The  fact  that  Eutettix  tenellus  is  unauestionably  a  migratory  insect 
makes  forecasting  an  extremely  difficult  matter  and  limits  forecasting 
by  methods  considered  in  this  bulletin  to  those  beet-growing  areas 
which  are  contiguous  to  permanent  breeding  grounds  of  the  insect. 
It  is  quite  within  the  realm  of  possibility  that  data  could  be  obtained 
on  the  insect  in  dispersal  areas  and  the  chances  of  migration  to  any 
particular  place  worked  out  on  a  basis  of  probability,  but  up  to  the 
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present  time  no  extension  of  the  predicting  service  has  been  attempted 
under  such  conditions.  The  possibility  of  an  area  being  contiguous- 
to  a  permanent  breeding  ground  and  yet  subject,  on  occasion,  to  a 
migration  from  a  distance  is  also  to  be  considered.  The  migrations 
from  a  distance  would  unquestionably  be  a  fruitful  source  of  error 
unless  the  dispersal  area  was  definitely  known  and  continuous 
observations  were  taken  thereon. 

The  beet-growing  area  bounded  by  Buhl,  Idaho,  on  the  west  and 
Declo,  Idaho,  on  the  east  lies  contiguous  to  a  permanent  breeding 
ground.     This  statement  is  supported  by  the  following  observations: 

(1)  Damage  is  proportional  to  distance  from  the  desert  areas,  irrespective  of 
compass  point.  This  is  of  course  much  more  obvious  in  a  year  of  slight  damage, 
but  it  is  nevertheless  true  even  in  the  years  of  most  severe  damage. 

(2)  Some  damage  occurs  every  year  in  isolated  localities  closest  to  the  greatest 
concentration  areas  in  the  contiguous  breeding  grounds. 

(3)  Local  weather  conditions  are  closely  associated  with  local  outbreaks. 

Table  34  is  a  detailed  statement  of  contracted  and  harvested  areas, 
together  with  yields  per  acre.  From  this  table  it  is  evident  that  1919, 
1924,  and  1926  were  years  of  very  severe  outbreaks  throughout  the 
entire  territory.  There  is  evidence  in  the  record  of  moderately  severe 
damage  in  1917  in  the  Twin  Falls- Jerome  area  and  severe  damage  in 
1921  in  the  same  area.  Burley  in  1917  lost  a  considerable  percentage 
of  its  acreage,  but  the  average  yield  was  fair.  In  the  same  place  in 
1921  the  acreage  lost  was  slight,  but  tonnage  was  such  that  the  crop 
was  not  profitable.  On  the  other  hand,  the  Burley  district  in  1925 
yielded  only  an  indifferent  tonnage.  The  Oakley  district,  which 
borders  on  that  of  Burley,  has  a  most  unpromising  record,  only  3 
years  out  of  13  having  fair  to  good  yields. 

Table  34. — Acreage  and  yields  of  beets  in  stated  years  in  the  Twin  Falls,  Jerome 
Burley,  Oakley,  and  Paul  districts,  Idaho 


Twin  Falls  and  Jerome  i 

Twin  Falls  i 

Jerome  i 

Year 

Area  con- 
tracted 

Area  har- 
vested 

Average 

yield  per 

acre 

Area  con- 
tracted 

Area  har- 
vested 

Average 

yield  per 

acre 

Area  con- 
tracted 

Area  har- 
vested 

Average 

yield  per 

acre 

1916 

Acres 
6,102 
7,985 
3,817 
6, 107 
5,760 
7,665 

Acres 
6,321 
5,860 
3,254 
4,695 
4,722 
6,066 

Tons 
12.13 
10.91 
11.88 
7.65 
11.68 
7.97 

Acres 

Acres 

Tons 

Acres 

Acres 

Tons 

1917 

1918 

1919 

1920 

1921 

1922 

1,743 
3,710 
7,719 
3,291 
2,570 
5,036 

1,684 
3,623 
3,065 
3,027 
282 
4,333 

14.36 
14.95 

5.55 
16.31 

6.01 
16.95 

378 
973 

1,085 
874 
324 

1,495 

351 
945 
48 
818 
139 
1,479 

12. 9& 

1923 

11.24 

1924 

*     1 

.     ,   n 

1.66 

1926 

11.17 

1926 

4.42 

1927--. 

11.27 

Burley 

Oakley 

Patil 

1916 

8,960 
3,348 
2,772 
5,058 
4,711 
4,408 
3,350 
5,839 
6,617 
3,504 
«  1,870 
»  1,786 

6,360 
2,708 
2,333 
4,175 
4,248 
4,287 
3,031 
5,491 
4,282 
3,408 
2  556 
»  1,639 

8.75 
11.0 
11.38 

4.91 

9.61 
10.21 
11.77 
14.15 

5.23 
10.57 

5.76 
14.11 

1,118 
792 
477 
821 
282 
887 
437 
670 
909 
434 

649 
635 
376 
512 
206 
742 
298 
478 
0 
250 

(») 

6.71 

7.54 
10.75 
2.67 
6.24 
8.12 
9.95 
14.19 
0 

7.49 
(') 

1917 

1918_- 

1919.- 

1920-- 

1921 

1922. 

1923 

1924 

1925 

1926 

1927 

6,746 

4,513 

7,196 

4,957 

4,987 

3  2,745 

3  5,070 

3  7,650 

3  4,039 

3  2,014 

3  2,017 

4,249 

3,636 

3,460 

4,156 

3,870 

3  1,995 

3  4,700 

3  3,423 

3  3,406 

3  1,048 

»  1,894 

8.9& 
10.39 
6.32 
8.05 
9.46 
13.05 
13.24 

6.ia 

11.81 
6.34 
14.76 

»  Records  for  Twin  Falls  and  Jerome  were  not  kept  separate  before  1922. 
*  Data  for  Oakley  are  included  in  data  for  Burley. 
^Including  data  for  Eden  and  Hazleton  districts. 
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The  records  of  individual  growers  indicate  two  important  points, 

(1)  that  certain  growers  rarely  or   never   sustain  cash  losses,  and 

(2)  that  even  in  the  years  of  high  average  yields  some  growers  sustain 
losses.  Table  35  illustrates  this  for  three  good  beet  years.  On  the 
other  hand,  according  to  the  records  of  beet  yields  of  the  1926  season 
in  the  Burley  and  Rupert  districts,  an  occasional  good  crop  is  har- 
vested even  under  most  severe  curly-top  conditions. 

Tablb  35. — Acreage  harvested  in  the  Twin  Falls,  Burley,  and  Paul  diatricia  for 
three  good  beet  years,  192S,  1925,  and  1927,  arranged  according  to  yield 


Yield  per 

Twin  Falls 

Burley 

Paul 

acre 

1923 

1925 

1927 

1923 

1925 

1927 

1923 

1925 

1927 

TVM 
2 

Acres 

31 

18 

111 

295 

371 

519 

805 

907 

2,574 

384 

132 

58 

34 

14 

9 

0 

92 

0 

Acres 

6 

10 

230 

300 

548 

371 

454 

604 

803 

417 

153 

100 

11 

6 

0 

0 

0 

0 

Acres 
0 

25 
103 
140 
292 
415 
370 
678 
805 
686 
627 
320 

88 

92 
0 

17 
0 
0 

Acres 

Acres 

Acres 

Acres 

99 

119 

292 

464 

485 

665 

635 

488 

403 

226 

64 

70 

32 

5 

0 
0 
0 

Acres 

46 

120 

267 

513 

498 

787 

549 

317 

180 

73 

49 

17 

0 

7 

4 

0 

0 

0 

Acres 
0 

4       

100 

91 

196 

406 

667 

1,131 

1,188 

1,041 

479 

259 

66 

44 

67 

14 

0 

0 

0 

21 

108 

380 

552 

572 

663 

730 

393 

135 

32 

7 

2 

6 

0 

0 

0 

0 

11 

77 

45 

114 

250 

332 

278 

203 

176 

128 

10 

7 

7 

6 

67 

8 

123 

10        

96 

12 

287 

14._ 

260 

16 

207 

18 

378 

ao-_ 

280 

22 

117 

24 

26 

38 
30 

28  -    - 

8 

80 

T 

0 
0 
0 

2 

82.. 

0 

34 

8 

80 

0 

The  area  served  by  the  three  factories.  Twin  Falls,  Paul,  and  Burley, 
is  approximately  80  miles  long  and  of  very  irregular  width.  The 
Oakley  territory  serving  the  Burley  factory  extends  southward  for 
approximately  20  miles  in  a  narrow  strip.  The  records  of  yields  in 
Tables  34  and  35  are  significant  in  that  they  suggest  that  even  an 
area  as  small  as  this  is  not  entirely  homogeneous  with  respect  to 
leaf -hopper  damage. 

The  localities  in  this  area  differ  with  respect  to  economic  conditions, 
and  this  factor  is  a  significant  one.  Land  values  are  higher  in  the 
Twin  Falls  district  than  in  any  other.  There  the  standard  of  agri- 
cultural practice  is  extremely  high,  and  it  is  the  opinion  of  agricul- 
turists competent  to  judge  that  for  beets  to  maintain  themselves  in 
the  face  of  competition  with  other  crops,  average  yields  must  not  fall 
below  13  tons  per  acre,  with  average  sugar  content.  In  the  Burley, 
Paul,  Oakley,  and  Jerome  districts  the  standard  of  farming  is  not  so 
high,  neither  is  the  value  of  land,  so  that  average  yields  of  from  11 
tons  per  acre  upward  would  probably  maintain  the  crop's  competitive 
status.  This  of  course  depends  on  the  vagaries  of  the  market  for 
other  crops,  particularly  potatoes. 

In  the  predictions  issued  no  distinction  has  been  made  between  the 
Burley-Paul  and  Twin  Falls- Jerome  districts,  and  in  1927  the  informa- 
tion was  made  available  to  Oakley  farmers  also,  but  ^vith  the  added 
precaution  of  calling  their  attention  to  the  unfavorable  record  of  the 
district. 


ECOLOGICAL   STUDIES   OF  THE   BEET   LEAF  HOPPER  69 

THE  BASIS  FOR  PREDICTION  IN  THE  TWIN  FALLS-RUPERT  DISTRICT 

The  study  of  the  desert  environment  of  the  insect  led  to  a  rather 
clear  conception  of  the  role  played  by  the  environment  in  the  economy 
of  the  insect.  It  was  evident  that  if  the  host-plant  succession  should 
be  maintained  during  the  summer  without  serious  interruption,  huge 
populations  of  the  insect  would  develop  before  winter  set  in.  This 
maintenance  of  the  food  supply  has  been  found  to  be  related  to  certain 
factors  of  the  external  environment — precipitation,  temperature, 
wind,  and  evaporation;  while  soil  moisture,  cell-sap  concentration,  and 
the  maturity  of  the  plants  have  served  as  indices  of  the  combined 
effects  of  the  factors  just  mentioned.  The  types  of  season,  with  their 
typical  environment  complexes  associated  with  high  and  low  fall  insect 
populations,  are  thus  known.  From  the  practical  entomological 
standpoint  the  quantitative  data  on  the  fall  populations  are  suffi- 
cient, but  the  beet-sugar  industry  of  course  is  interested  in  the  de- 
velopment of  the  desert  environment,  since  the  data  are  of  assistance 
in  formulating  plans  a  long  time  ahead  of  actually  putting  them  into 
effect.  For  instance,  an  extremely  hot,  dry  summer,  eliminating  most 
of  the  host  plants  on  the  desert  breeding  grounds,  would  indicate 
favorable  prospects  for  the  succeeding  year  and  would  justify  advanc- 
ing the  contracting  campaign  two  or  three  months. 

Hibernation  studies,  supplemented  by  constant  field  observations 
in  the  desert  areas  during  the  winter,  have  established  under  what 
winter  conditions  the  resistance  of  the  hibernating  populations  is 
great  or  small.  These  data  are  of  the  greatest  importance  for  fore- 
casting probable  leaf -hopper  conditions,  since  the  economics  of  the 
situation  require  that  advice  to  be  useful  as  a  guide  to  planting  be 
issued  not  later  than  March  1.  It  is  evident  from  the  winters  of 
1925-26  to  1927-28  that  periods  of  below-zero  weather  very  much 
reduce  hibernating  populations.  The  size  of  the  populations  entering 
hibernation  is  of  course  a  moot  point.  There  are  roughly  four 
possible  combinations  which  may  be  encountered:  (1)  A  high  insect 
population  entering  hibernation  followed  by  a  mild  winter;  (2)  a 
high  insect  population  entering  hibernation  followed  by  a  severe 
winter;  (3)  a  low  insect  population  followed  by  a  mild  winter;  and 
(4)  a  low  insect  population  followed  by  a  severe  winter. 

The  first  is  the  most  dangerous  condition.  The  outbreak  of  1926 
followed  such  a  condition,  as  did  that  of  1928.  The  second  is  dan- 
gerous, since  expectancy  of  freedom  from  trouble  the  ensuing  year 
depends  on  the  severity  of  the  winter.  No  record  is  available  that 
the  third  case  ever  happened,  but  if  the  overwintering  population  is 
initially  low  enough,  an  abnormally  mild  winter  would  be  necessary 
to  reduce  expectancy  of  a  good  beet  year. 

The  fourth  case  is  most  desirable.  The  crop  year  of  1927  followed 
such  a  condition.  It  is  true  that  the  winter  was  not  so  severe  as  has 
happened,  but  initial  overwintering  populations  were  so  low  as  to 
reduce  dependence  on  this  factor  to  a  considerable  extent. 

With  this  as  the  basis  for  a  working  hypothesis,  a  study  was  made 
of  the  records  back  to  1919,  the  first  year  when  the  damage  due  to 
the  insect  was  clear-cut.  The  daily  maximum  and  minimum  temper- 
atures were  plotted  for  the  period  from  December  1  to  May  31. 
(Figs.  13  to  22.)  Insets  in  the  figures  are  records  of  the  monthly 
precipitation  from   October   to   the   end  of  February,   while   daily 
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precipitation  records  for  the  period  from  September  1  to  February  28 
are  plotted  underneath  the  temperature  records. 
;  Studies  of  the  fall  and  winter  precipitation  have  been  unproductive 
o(  useful  results ;  however,  the  hibernation  studies  reported  earlier  in 
this  bulletin  indicate  that  precipitation  may  be  of  some  importance, 
■even  though  the  conditions  governing  its  effect  are  not  yet  understood. 

DISCUSSION  OF  CUMATOLOGICAL  DATA  AND  BEET  YIELDS,  1918-1926 

Winter  of  1918-19   (fig.  13):  In  1919  the  crop  was  grown  at  a 
general  loss  throughout  the  entire  area  now  under  consideration. 
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FiouRB  13.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February)  at 
Twin  Falls,  Idaho,  season  of  1918-19 

No  data  on  insect  populations  were  available  until  the  fall  of  1922, 
but  it  is  evident  from  Figure  13  that  the  winter  was  mild.  The  line 
on  the  figure  indicates  that  the  zero-degree-Fahrenheit  level  was 
barely  crossed  only  during  one  short  period  in  January. 

Winter  of  1919-20  (fig.  14):  The  beet  yield  in  1920  was  fair.  (It 
should  be  remembered  that,  as  far  as  the  Twin  Falls  district  is  con- 
cerned, improved  agricultural  supervision  from  1922  on  had  much 
to  do  with  the  improved  average  yields.)  This  winter  was  unusual 
in  that  below-zero  weather  occurred  in  two  months,  and  the  February 
record  is  missing.  Two  days  in  November  showed  minimum  tem- 
peratures of  -7°  and  -8°  F.  This  type  of  winter  is  undoubtedly 
favorable  for  reducing  hibernating  populations,  since  it  involves  low 
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temperatures  alternating  with  short  periods  of  activity  on  the  part 
of  the  insects. 

Winter  of  1920-21  (fig.  15):  Beets  in  the  eastern  end  of  the  district 
in  1921  jdelded  an  average  tonnage  close  to  that  required  to  pay- 
cost  of  production.  On  the  basis  of  the  winter  (but  without  data 
on  hibernating  populations)  a  prediction  would  have  been  in  order 
for  a  bad  beet  year.  The  result  might  have  been  a  subject  of  difference 
of  opinion  in  view  of  the  yield  in  the  eastern  end  of  the  district. 
The  spring  and  early  summer  of  1921  were  characterized  by  very 
heavy  rainfall  which  undoubtedly  did  much  to  bring  the  yield  in 


,    Figure  14.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  January) 
at  Twin  Falls,  Idaho,  season  of  1919-20 

the  eastern  end  up  to  a  point  where  it  could  not  at  any  rate  be  de- 
scribed as  a  failure  even  though  disappointing.  The  fact  that  in 
the  western  half  of  the  district  over  2,000  acres  were  abandoned  and 
an  average  yield  of  7.97  tons  per  acre  was  obtained  on  the  balance 
would,  in  the  opinion  of  the  writer,  have  justified  a  prediction  for 
a  bad  beet  year.  The  effect  of  the  yields  obtained  is  seen  in  the  fact 
that,  in  spite  of  a  severe  winter  in  1921-22,  acreage  was  materially 
reduced  even  in  the  eastern  end  the  following  year.  This  is  perhaps 
the  best  commentary  on  what  the  farmers  in  the  eastern  end  thought 
of  the  yields  obtained  in  1921. 

Winter  of  1921-22  (fig.  16):  This  winter  was  characterized  by 
one  very  severe  drop  in  temperature.  This  type  of  winter  has  occurred 
only  twice  in  the  10  years  covered  by  these  figures.    A  high  yield  of 
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beets  was  obtained  in  1922.  There  are,  however,  some  valuable 
data  on  the  date  of  migration  and  the  appearance  of  disease  during 
this  season  available  in  a  report,  embodying  the  results  of  a  summer's 
work  in  the  area,  made  by  Asa  C.  Maxson  to  the  Amalgamated 
Sugar  Co.  Maxson  reported  that  a  migration  occurred  between 
June  17  and  June  26  and  that  considerable  disease  was  to  be  found 
in  the  fields  at  harvest  time.  No  quantitative  data  on  insect  popu- 
lations in  beet  fields  are  available. 

Winter  of  1922-23  (fig.  17):  Judging  from  Maxson's  report,  it  is 
very  likely  that  high  populations  entered  hibernation.    The  winter 
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FiauRB  15.— DaUy  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1920-21 

is  interesting  in  that  it  was  characterized  by  a  drop  in  temperature 
just  below  zero,  a  long  period  when  temperatures  favorable  for 
activity  prevailed,  followed  by  a  period  of  10  days  with  minimum 
temperature  below  zero.  This  also  is  the  only  A\dnter  when  the  fall 
and  winter  precipitation  was  probably  a  factor  that  can  be  explained. 
As  has  been  described  in  the  section  on  the  insect  and  its  host  plants, 
a  prolonged  dry  fall  will  force  the  insect  to  normally  unfavorable 
hosts.  The  lack  of  precipitation  prior  to  the  1923  beet  season  was 
most  pronounced,  since  from  September  1  to  the  end  of  March  there 
was  a  minus  deviation  from  the  normal  of  4.36  inches.  A  third  point 
in  favor  of  beet  prospects  for  1923  was  the  copious  rainfall  in  April, 
May,  and  June.  The  yield  was  uniformly  satisfactory  throughout 
the  district. 
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Winter  of  1923-24  (fig.  18):  It  will  be  observed  that  the  winter 
minimum  touched  zero  only  on  one  occasion,  the  minima  for  the 
winter  being  very  high.  The  copious  rains  during  the  summer  of 
1923  imply  that  without  much  question  a  high  initial  population 
prevailed  on  the  desert  breeding  grounds  in  the  fall. 

Winter  of  1924-25  (fig.  19):  Maxson  again  visited  the  area  for  a 
short  time  in  1924.  His  report  indicates  very  high  desert  popula- 
tions. The  winter  was  characterized  by  one  period  of  pronounced 
below-zero  weather.     The  writer's  observations  commenced  in  the 
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FiQUEE  16.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1921-22 

early  summer  of  1925.  The  migration  into  the  beet  fields  was  diffi- 
cult to  determine  with  accuracy,  but  it  evidently  occurred  the  first 
few  days  of  July.  Prior  to  that  time,  as  in  1922,  occasional  diseased 
beets  could  be  found.  The  majority  of  the  beets  were  large  at  the 
time  the  migration  occurred,  and  serious  damage  was  hmited  to  late 
plantings  or  poor  stands. 

A  hailstorm  early  in  July  contributed  to  damage  in  the  locality 
visited  by  the  storm,  since  leaves  were  stripped  off  and  the  environ- 
ment opened  up  in  such  a  manner  as  to  favor  very  much  increased 
activity  on  the  part  of  the  insect.  By  the  end  of  the  season  it  was 
difficult  to  find  a  single  beet  not  showing  some  symptoms  of  the 
curly-top  disease,  but  the  yield  in  the  Twin  Falls  district  was  the 
highest  recorded  up  to  that  time.     The  yield  in  the  Burley  district 


74         TECHNICAL  BULLETIN  206,  U.  S.  DEPT.  OF  AGRICULTtJRE 

was  disappointing.  There  was  unquestionably  a  good  deal  of  severe 
damage,  but  how  much  of  this  was  due  to  indifferent  farming  as  an 
important  secondary  cause  is  difficult  to  determine.  Undoubtedly 
this  factor  operated  to  a  considerable  extent.  The  farmer  who  has 
a  poor  or  late  stand  of  beets  is  likely  to  neglect  the  crop  if  any  other 
unfavorable  factor  enters  in.  This  is  particularly  true  if  the  unfavor- 
able factor  is  Eutettix  tenellus. 

Winter  of  1925-26  (fig.  20):  This  was  an  extremely  mild  winter. 
The  evenly  distributed  rainfall  of  1925  resulted  in  a  most  favorable 
host-plant  succession  and  high  populations  were  distributed  evenly 
over  the  whole  breeding-ground  area.     Overwintering  was  very  suc- 
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FiQURE  17.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1922-23 

cessful,  as  observations  at  regular  intervals  throughout  the  winter 
revealed.  The  spring  season  opened  up  very  early,  with  the  result 
that,  in  addition  to  a  verv  large  overwintering  population,  the  first 
generation  had  appeared  by  May  1.  A  heavy  miestation  occurred 
between  the  3d  and  6th  of  May  and  the  insect  evidently  continued  to 
drift  into  the  fields  for  some  time  afterwards  until  populations  were 
so  high  that  counts  could  no  longer  be  made  with  any  accuracy.  By 
the  end  of  May  the  populations  varied  from  10  to  150  leaf  hoppers 
to  100  beet  plants,  while  obviously  diseased  beets  (that  is,  plants 
apparently  so  diseased  that  careful  diagnosis  was  not  necessary) 
amounted  in  some  cases  to  75  per  cent  of  the  crop. 
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THE  LEAF  HOPPER  PREDICTION  OF  1927 

Owing  to  the  extremely  dry  and  hot  summer  of  1926  the  host-plant 
succession  in  the  breeding  grounds  was  seriously  disturbed,  so  that 
only  a  few  favorable  localities  developed  high  leaf  hopper  populations 
during  the  fall.  These  were  so  few  and  far  between  that  it  was  felt 
that  the  factor  of  low  initial  hibernation  population  of  itself  was 
sufficient  to  give  reasonable  assurance  that  the  year  1927  would  be 
favorable  for  beets.  When  below-zero  weather  occurred  in  December 
on  two  occasions,  separated  by  maximum  temperatures  above  40°  F. 
(fig.  21),  and  with  the  previous  records  and  studies  as  guides,  it  was 
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Figure  18.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1923-24 

decided  to  initiate  the  release  of  advice  which  might  be  used  as  a  guide 
to  planting.  The  following  letter  was  addressed  to  farmers  in  the 
beet-growing  area  extending  from  Rupert  (the  Paul  factory  district) 
to  Buhl,  Idaho,  including  the  north-side  irrigation  section  centering 
in  Jerome,  Idaho: 

Box  1100,  Twin  Falls,  Idaho, 

January  28,  1927, 
Dear  Sir: 

The  United  States  Department  of  Agriculture  has,  for  some  time  past,  been 
conducting  studies  of  the  white  fly  in  this  region.  One  of  the  objects  of  this  study 
has  been  to  build  up  sufficient  information  to  enable  its  officers  to  make  forecasts 
as  to  the  sugar-beet  prospects. 

These  studies  have  shown  that  the  white  fly  breeds  on  the  desert  and  that  it  is 
necessary  for  rainfall  to  be  reasonably  plentiful  on  the  desert  before  the  food  plants 
of  the  insect  are  present  in  sufficient  quantity  for  the  breeding  up  of  large  popula- 
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tions  of  the  insect.  These  large  populations  are  necessary  before  serious  damage 
can  be  expected  in  the  beet  fields. 

The  next  thing  necessary  is  a  winter  which  will  permit  the  bugs  to  winter  over 
successfully.  Past  records  show  that  severe  winters  have  never  been  followed  by 
bad  fly  years.     Just  why  this  is,  is  not  known  but  it  is  true  nevertheless,  so  far. 

The  populations  on  the  desert  in  the  fall  of  1925  were  very  large;  the  winter 
was  one  of  the  mildest  on  record.  This  combination  resulted,  as  you  all  know,  in 
one  of  the  most  severe  attacks  ever  experienced  in  this  area.  On  the  other  hand, 
the  populations  during  1926  were  very  much  reduced  by  the  very  early  drying  up 
of  the  desert.     Our  records  show  that  not  only  were  the  numbers  of  bugs  very 
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FiouBE  19.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1924-25 

much  reduced,  but  the  areas  on  which  these  bugs  were  to  be  found  were  even 
more  reduced. 

This  is  the  principal  reason  for  our  optimism  for  the  coming  season.  In  addi- 
tion, the  winter  has  been  a  very  satisfactory  one  from  the  beet  grower's  stand- 
point so  that  from  both  points  of  view  the  prospects  for  1927  are  very  fine. 

This  opinion  is  of  course  subject  to  human  error.  A  great  many  details  remain 
to  be  worked  out  before  all  the  factors  involved  in  a  forecast  can  be  understood 
and  used  with  confidence.  Such  data  as  we  have,  however,  all  point  to  a  good 
year  for  1927.  Such  opinion  is  entirely  independent  of  outside  influence,  and 
farmers  may  feel  assured  that  this  office  will  put  the  facts  into  their  hands  irre- 
spective of  whether  the  news  is  good,  bad,  or  indifferent.  It  is  hoped  that  this 
forecasting  service  will  prevent  the  losses  of  past  years  and  at  the  same  time  give 
farmers  confidence  for  those  years  when  the  prospects  are  good. 

This  letter  is  the  only  written  official  statement  thus  far  on  the  forecast  for 
1927  and  is  written  to  prevent  misunderstanding  due  to  incomplete  press  reports 
or  possible  misquotations  of  verbal  addresses. 

Yours  very  truly, 

Walter  Carter, 
AMociaie  Entomologist  in  Charge 

Beet  Leaf-hopper  Investigations. 
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It  will  be  observed  from  this  letter  that  some  care  was  exercised 
in  presenting  a  condensed  summary  of  the  data  as  they  existed. 
This  was  deemed  necessary  in  order  that  beet  growers  could  be  indi- 
vidually informed.  It  was  desirable  also  because  the  beet  growers 
in  this  district  have  had  a  long  and  varied  experience  with  the  insect, 
which  could  be  used  in  a  consideration  of  the  entomological  data 
made  available  to  them.  In  this  way  the  matter  of  making  a  deci- 
sion as  to  whether  or  not  to  plant  beets  was  obviously  in  their  own 
hands,  and  thus  was  maintained  the  traditional  policy  of  the  Depart- 
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Figure  20.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1925-26 

ment  of  Agriculture  in  limiting  its  service  under  such  circumstances 
to  making  data  available. 

The  prediction  as  to  expected  leaf-hopper  conditions  had  consider- 
able effect.  Reference  to  Table  34  will  show  the  acreage  trend  in 
the  past.  The  highest  acreages  nearly  always  occurred  in  the  years 
of  greatest  damage.  The  winter  of  1925-26  was  so  mild  that  growers, 
drawing  on  their  experience,  were  reluctant  to  plant  beets,  so  that 
the  usual  increase  in  acreage  following  the  good  year  of  1925  did  not 
materialize  in  1926.  The  low  price  of  beets  in  1925  was  an  additional 
factor  of  some  importance. 

The  prediction  in  1927  did  much  to  initiate  what  is  hoped  will  b© 
a  complete  reversal  of  the  past  acreage  trends.  For  the  first  time  in 
the  history  of  beet  growing  in  that  district  the  acreage  was  increased 
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following  an  unfavorable  beet  year.  The  yields  per  acre  throughout 
the  entire  district  included  in  the  prediction  were  the  highest  on 
record.  It  was  fortunate  that  the  first  year  of  prediction  should 
have  resulted  in  such  yields,  but  such  a  record  was  not  necessary, 
of  course,  to  establish  the  success  of  the  prediction  for  the  favorable 
beet  year  in  1927.  If  a  prediction  for  a  favorable  beet  year  is  fol- 
lowed by  a  yield  equal  to  the  average  obtained  in  previous  good  beet 
years  the  prediction  can  be  considered  successful.  The  criterion  for 
the  success  of  a  prediction  for  an  unfavorable  beet  year  must  neces- 
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Figure  21.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1926-27 

8arily  be  the  minimum  profitable  yield  for  the  district,  economic 
factors  being  considered. 

By  June  1, 1927,  it  was  evident  that  the  initial  spring  populations  on 
the  desert  breeding  grounds  were  as  low  as  was  expected.  Occa- 
sional specimens  could  be  found  after  considerable  searching,  but  it 
was  not  until  the  first  brood  was  emerging  that  the  insect  became 
generally  easy  to  find,  and  even  then  the  populations  were  very  small. 
The  migration  of  June  13,  therefore,  was  dramatic  and  alarming. 
The  first  thought  was  that  the  district  had  been  subject  to  a  long- 
distance migration,  since  the  field  populations  seemed  too  great  to 
be  accounted  for  on  the  basis  of  the  local  insects.  A  thorough  survey 
revealed  the  fact,  however,  that  the  beet-field  populations  varied 
directly  with  the  distance  from  the  local  breeding  grounds,  and,  gen- 
erally speaking]:,  were  not  of  economic  importance  except  in  those 
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fields  located  very  close  to  known  localities  of  concentration  in  the 
breeding  grounds.  Two  localities  were,  however,  damaged  quite 
severely.  One  was  the  Castleford  district  in  the  extreme  west  of  the 
cultivated  area,  where  all  the  beet  fields  were  literally  next  door  to 
the  breeding  grounds.  The  other  was  in  a  small  section  of  irrigated 
land  known  as  the  Golden  Valley  district  between  Twin  Falls  and 
Burley.  The  first-named  district  was  recognized  as  a  danger  spot  even 
during  the  best  possible  year,  and  the  few  farmers  who  grew  beets 
there  were  so  informed.  The  writer  had  no  knowledge  of  the  Golden 
Valley  district  until  by  chance  the  beet  fields  were  discovered.     This 
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Figure  22.— Daily  temperatures  (December  to  May)  and  precipitation  (September  to  February) 
at  Twin  Falls,  Idaho,  season  of  1927-28 

district  is  likewise  in  the  very  midst  of  a  very  large  area  of  abandoned 
land,  from  which  there  was  a  very  heavy  migration  of  the  insect  into 
these  fields,  with  resulting  damage. 

The  experience  was  valuable  because  it  demonstrated  that  even 
under  the  most  favorable  circumstances  a  migration  might  be  ex- 
pected during  the  summer  some  time  after  the  emergence  of  the  first 
brood. 

The  area  of  breeding  ground  is  so  great  and  the  potential  of  the 
insect  so  high  that  even  an  extremely  low  initial  population  might 
develop  to  serious  proportions  when  the  first  brood  has  emerged. 
Some  reduction  in  yields  therefore  will  probably  always  take  place, 
but  in  those  years  when  the  first  brood  is  necessary  to  the  develop- 
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ment  of  economically  dangerous  populations,  the  beets  have  an  ex- 
cellent chance  to  acquire  sufficient  size  to  withstand  an  attack  which, 
if  it  occurred  a  month  earlier  in  the  season,  would  cause  serious 
losses.  Generally,  late  beets  suffer  damage  every  year,  sometimes  so 
serious  as  to  result  in  abandonment  without  harvesting. 

Another  point  involved  is  the  overwintering  of  the  virus.  Only 
8  per  cent  of  individual  leaf  hoppers  taken  from  a  field  in  the  Castle- 
ford  district  over  two  weeks  after  the  migration  produced  the  disease, 
and  only  one  individual  had  a  normal  incubation  period;  in  the 
remaining  cases  the  period  was  much  prolonged. 

The  relationship  between  certain  weather  conditions  during  the 
winter  and  the  severity,  attenuation,  or  even  the  presence  of  the 
virus,  is  a  moot  question,  and  an  answer  to  it  might  well  be  an  im- 

Eortant  aid  in  explaining  the  undoubted  relationship  that  exists 
etween  certain  winter  types  and  the  succeeding  year*s  beet  crop. 

THE  LEAF  HOPPER  PREDICTION  OF  1928 

The  winter  of  1927-28  (fig.  22)  must  be  classified  as  a  mild  winter. 
Much  of  the  weather  was  disagreeable  but  not  severe  in  the  needed 
way.  The  fall  populations  were  extremely  high;  Eutettix  tenellus  was 
found  easily  and  in  numbers  throughout  the  winter.  On  March  1  the 
following  notice  was  mailed  to  beet  growers: 

Sugar-Beet  Prospect  for  1928  for  Area  Between  Rupert  and  Buhl  Only 

The  present  prospects  are  quite  different  from  those  of  a  year  ago.  Last  fall 
was  very  favorable  for  the  white  fly's  development,  and  very  high  populations 
were  present  over  the  entire  area  late  last  fall.  It  was  realized  that  very  severe 
weather  would  be  necessary  to  eliminate  sufficient  numbers  of  the  white  fly  to 
permit  of  a  favorable  forecast.  While  it  is  true  that  the  winter  has  seemed  severe 
to  many  people,  it  is  unfortunately  true  that  the  kind  of  weather  needed  has  not 
materialized  up  to  this  time.  Large  numbers  of  the  insect  can  easily  be  found  on 
the  wild  plants  on  any  warm  afternoon  such  as  we  have  been  experiencing. 

The  insects  are  active  and  feeding,  and  with  normal  weather  conditions  for 
the  next  two  or  three  months,  enormous  populations  of  the  fly  can  be  expected 
on  the  desert  areas;  and  past  experience  has  shown  that  when  this  is  the  case, 
serious  results  follow. 

With  unusual  weather — a  very  late  spring  and  heavy  precipitation  during 
April,  May,  and  June — the  development  of  the  fly  on  the  desert  may  be  held 
up  for  a  time  and  the  wild  host  plants  kept  in  good  condition  longer  than  usual, 
perhaps  permitting  some  fair  yields  of  beets  in  fields  well  removed  from  the  breed- 
ing grounds.  This  has  no  doubt  happened  before,  it  probably  happened  in  1921, 
and  this  possibility  is  the  only  thing  we  have  to  offset  the  decidedly  unfavorable 
prospects  for  a  good  beet  year,  which  we  are  faced  with  at  the  present  time. 

Undoubtedly,  at  worst,  some  patches  of  beets  will  make  good  yields,  but  we 
must  forecast  on  the  basis  of  what  might  be  expected  to  happen  on  the  average 
over  the  beet-growing  area  between  Rupert  and  Buhl,  including  the  north  side 
tract,  and  this  forecast  is  not  applicable  to  any  other  beet-growing  area.  In 
this  area  all  the  indications  at  the  present  time  are  decidedly  unfavorable. 

Summary  of  Facta  Concerning  the  White  Fly  for  this  Season 
Information  as  at  February  29,  1928 

Very  large  numbers  of  the  white  fly  went  into  hibernation  for  the  winter; 

The  winter  has  not  been  severe  enough  to  reduce  these  numbers  sufficiently; 

Large  numbers  of  the  fly  can  easily  oe  found  at  the  present  time,  active  and 
feeding  on  the  wild  plants; 

With  normal  weather  conditions  between  now  and  the  danger  period,  very 
large  and  dangerous  populations  of  the  insect  can  be  expected; 
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An  abnormally  late  spring  with  heavy  precipitation  during  the  spring  and  early 
summer  months  might  delay  the  invasion  for  a  time,  and  permit  the  best  beets 
to  make  fair  yields. 

The  Department  of  Agriculture  does  not  presume  to  advise  whether  to  plant, 
or  not  to  plant,  beets.  It  undertook,  commencing  with  last  year's  forecast,  to 
give  farmers  all  the  information  available  by  the  end  of  February  each  year,  and 
it  is  in  pursuance  of  that  policy  that  this  forecast  is  issued.  Farmers  who  decide 
to  plant,  notwithstanding  present  indications,  may  feel  free  to  call  upon  this 
office  for  further  information  which  may  become  available  between  now  and 
the  time  when  they  must  decide  whether  or  not  to  continue  with  the  crop.  AU 
present  indications,  however,  are  distinctly  unfavorable. 

The  very  satisfactory  yields  of  1927  had  put  farmers  into  a  state 
of  mind  very  favorable  to  beet  growing,  and  interest  in  the  crop  was 
intense.  The  Amalgamated  Sugar  Co.,  however,  signed  contracts  only 
on  condition  that  they  were  returnable  to  the  farmer  in  the  event  that 
the  prediction  was  for  a  favorable  year.  Many  farmers  refused  to 
consider  contracting  until  the  prediction  was  issued,  but  in  the  Twin 
Falls  district  some  4,500  acres  were  contracted  before  the  issuance 
of  the  March  1  statement.  The  attitude  of  these  farmers  toward 
prediction  can  be  well  judged  by  the  fact  that  contracts  for  over  4,000 
acres  were  returned  to,  and  cancelled  by,  the  signers.  It  is  conserv- 
atively estimated  that  contracts  would  have  been  made  for  10,000 
acres  if  the  prediction  for  1928  had  been  for  a  good  beet  year. 

In  the  Burley  and  Paul  districts  economic  factors  operated  to  the 
extent  that  about  50  per  cent  of  the  acreage  for  which  contracts  would 
have  been  made  in  the  event  that  the  prediction  had  been  for  favor- 
able prospects,  was  signed  for.  This  acreage  (approximately  3,600) 
decreased  to  3,200  acres  planted.  The  heavy  April  and  May  rain, 
which  these  farmers  were  depending  on,  did  not  materialize,  and  less 
than  2,000  of  the  acres  planted  were  thinned. 

In  the  Twin  Falls  section  occasional  diseased  beets  could  be  found 
early  in  May,  but  by  May  10  and  11  there  was  evidence  of  an  initial 
migration.  This  population  gradually  increased,  moving  eastward 
until  by  the  beginning  of  the  last  week  of  May  the  eastern  linjiits  of 
the  Twin  Falls  factory  district  were  included  in  the  migration  area. 
Disease  symptoms  appeared  rapidly,  so  that  by  the  end  of  May  it 
was  evident  that  the  prediction  so  far  as  the  Twin  Falls  section  was 
concerned  was  fully  justified.  On  the  first  of  June  a  small  field  of 
beets  near  the  Twin  Falls  factory  was  plowed  up.  Counts  made  just 
prior  to  the  plowing  revealed  that  50  per  cent  of  the  beets  were  seriously 
affected. 

The  eastern  end  of  the  area  (Burley  and  Paul  districts)  showed 
only  occasional  E,  tenellus  during  May,  though  weather  favorable  to 
accm-ate  observation  was  rare.  By  the  middle  of  June  there  was 
evidence  of  the  migration  there,  with  up  to  10  per  cent  of  the  plants 
showing  disease.  Two-thirds  grown  nymphs  in  the  beet  fields  indi- 
cated the  presence  of  tenellus  in  the  fields  for  a  considerable  time 
previous. 

The  spring  weather  after  the  beets  were  up  strongly  favored  the 
beets  and  was  unfavorable  to  the  rapid  development  of  the  insect. 
The  desert  breeding  grounds  by  the  end  of  May  were  generally  in 
poor  condition  in  the  western  end  but  were  in  excellent  condition  in 
the  Burley  and  Paul  districts.  A  heavy  rain  in  early  June  and  much 
cloudy  weather  still  further  favored  the  host  plants,  which  on  June 
15  were  still  in  excellent  condition. 
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In  spite  of  these  factors  adverse  to  the  prediction,  the  prediction 
issued  on  March  1,  that  prospects  for  a  good  beet  year  were  poor, 
was  borne  out. 

The  overwintering  of  the  virus  during  the  winter  of  1927-28  was 
also  of  significance.  As  has  been  discussed  in  the  section  concerning 
host-plant  relationships,  the  insect's  principal  fall  host  plant  is 
Salsola  pestifer  (Russian  thistle).  In  the  fall  of  1927  numerous  tests 
were  made  of  the  virus-bearing  of  E.  tenellus  taken  from  this  host 
plant  for  use  in  hibernation  experiments,  but  not  a  single  positive 
result  was  obtained,  even  with  the  use  of  10  insects  to  1  plant.  When 
the  winter  survivors  were  removed  from  the  cages  in  January  and 
February,  they  were  again  tested  and  numerous  positive  results 
obtained,  even  though  weather  conditions  at  the  time  were  not  suitable 
to  the  development  of  the  disease.  Disease  was  easily  transmitted 
to  beets  by  tenellus  captured  in  the  field  early  in  the  spring.  This 
evidence  simply  supported  the  prediction  as  issued  on  March  1,  and 
the  development  of  the  disease  in  May,  1928,  was  complete  con- 
firmation of  the  expectancy  for  severe  disease  to  which  the  early 
spring  experiments  on  the  virus-bearing  of  the  insect  led. 

When  a  migration  occurs  which  infests  beet  fields  with  dramatic 
suddenness,  as  in  1926,  it  is  a  relatively  simple  matter  to  determine 
what  to  do  with  the  majority  of  the  beet  fields.  In  a  year  such  as 
1928  this  would  have  been  most  difficult,  in  view  of  the  fact  that  the 
influx  was  of  a  dribbhng  nature  with  a  steady  increase  in  population 
which  required  trained  observers  to  recognize. 

Thus  the  worst  combination  of  circumstances  that  the  beet  industry 
could  have  had  to  face  was  avoided  by  the  prediction  and  immense 
losses  were  prevented.  The  use  of  a  large  acreage  of  high-priced  land 
and  large  cash  outlays  for  labor  were  avoided  by  the  farmer.  The 
manufacturing  side  of  the  industry  was  saved  the  necessity  of  large 
expenditures  for  conditioning  mills  and  was  enabled  to  cut  its  over- 
head expense  in  many  waj^s,  although  the  closing  down  of  three  fac- 
tories was  a  serious  blow  to  the  company. 

PREDICTING  THE  TIME  OF  MIGRATION 

To  predict  the  time  of  migration  is  a  most  difficult  thing  to  do  with 
the  data  now  available,  but  the  development  of  accuracy  in  this  con- 
nection will  be  extremely  useful.  The  beginning  of  the  influx  was 
predicted  with  reasonable  accuracy  in  the  spring  of  1928  on  the  basis 
of  the  data  in  Tables  6  and  39,  but  more  types  of  seasonal  conditions 
must  be  recognized  before  the  information  can  be  made  available 
to  the  farming  pubUc.  In  the  Twin  Falls  district  such  information 
would  be  of  the  greatest  use  in  connection  with  planting  dates  for 
beans  and  other  crops  which  are  liable  to  injury  from  the  insect 
{5f  28,  30).  A  proposed  canning  factory  will  no  doubt  suffer  serious 
reverses  if  its  plantmg  program  can  not  be  intelligently  planned. 

THE  BIOLOGICAL  "X" 

In  all  predictions  of  insect  outbreaks  it  must  be  remembered  that 
an  amazingly  complex  situation  is  being  dealt  with,  only  a  small 
portion  of  which  is  measurable  or  explainable.  There  is  always  an 
unknown  quantity  of  considerable  dimensions.  In  1927  there  were 
undoubtedly  more  insects  in  the  beet  fields  than  any  of  the  data 
would  lead  one  to  expect.     In  1928  the  spring  weather  conditions 
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favored  migration,  but  late  rains  and  exceptionally  favorable  weather 
for  beet  growing  subjected  the  prediction  to  an  extremely  severe 
test.  In  spite  of  these  factors,  however,  the  predictions  for  these 
two  years  were  successful.  Undoubtedly  the  biological  "X''  will 
become  smaller  as  more  complete  information  is  accumulated. 
The  success  of  the  prediction,  in  spite  of  the  operation  of  the  unfore- 
seen, leads  to  confidence  in  the  soundness  of  the  basic  relationships 
on  which  the  predictions  are  based.  These  are  a  study  of  the  insect's 
environment  and,  on  the  basis  of  this,  correlations  between  the  en- 
vironmental complex  and  the  yield  of  sugar  beets.  In  other  words, 
there  is  every  reason  to  believe  that  the  relationship  between  insect 
and  weather  at  the  end  of  February  will  determine  within  rather 
narrow  limits  what  the  losses  due  to  the  insect  will  be  at  harvest  time. 

SEASONAL  CHECKS  ON  THE  PREDICTION 

The  prediction  is  issued  at  the  end  of  February,  but  certain  oppor- 
tunities are  available  for  checking  up  on  later  conditions.  Popu- 
lations can  be  determined  by  field  observations  early  in  March,  and 
in  case  winter  resistance  is  found  to  have  been  less  than  was  expected 
there  would  still  be  time  to  warn  growers. 

The  most  difficult  hypothetical  case  is  the  one  where  low  fall  popu- 
lations are  followed  by  a  mild  winter.  In  this  case  precipitation  in 
the  critical  months  of  April,  May,  and  June  would  probably  determine 
the  extent  of  the  damage  to  a  considerable  degree.  In  view  of  the 
attitude  of  meteorologists  toward  long-range  weather  forecasting, 
an  ecologist's  attempts  along  that  Une  are  perhaps  more  recreational 
than  useful.  However,  it  is  possible  to  examine  the  record  of  any 
one  place  and  learn  something  of  the  probabiHties  of  rainfall  dis- 
tribution for  any  particular  period.  Certainly  this  method  should 
be  thoroughly  exhausted,  even  though  its  limitations  are  clearly 
recognized.  Cook  {15)  has  examined  the  rainfall  record  of  regions 
liable  to  outbreaks  of  the  pale  western  cutworm  and  has  shown  that 
there  is  a  close  connection  between  the  chances  of  a  single  favorable 
year  and  the  abihty  of  Porosagrotis  orthogonia  Morr.  to  maintain 
itself  at  a  place. 

In  the  case  of  predicting  outbreaks  of  E.  tenellus,  the  probabiUties 
for  abnormal  or  subnormal  precipitation  in  the  three  critical  months 
are  of  great  interest  and  possible  usefulness  in  the  event  of  encounter- 
ing a  population-winter  relationship  at  the  end  of  February  which 
is  inconclusive. 

In  Table  36  the  precipitation  which  actually  occurred  at  Twin 
Falls  is  compared  with  the  normal  for  each  month;  from  this  the 
deviation  is  obtained  and  accumulated  deviations  are  calculated. 
The  rainfall  year  is  considered  as  from  September  1  to  the  end  of 
August  the  following  calendar  year.  Figure  23  graphically  repre- 
sents the  monthly  precipitation  for  10  seasons.  The  accumulated 
deviations  from  the  normal  are  shown  on  the  charts  and  the  winter 
types  are  indicated  in  the  legend.  This  figure  summarizes  conditions 
with  respect  to  precipitation  at  Twin  Falls  for  the  period  covered 
bv  Figures  13  to  22. 
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Table  36. — Precipitation  at  7' win   Falls,  Idaho,  seasons  of  1905-6  to  1927- 

inclusive 


Season  and 
month 

Normal 

Actual 

Devia- 
tion 
from 

normal 

Accumu- 
lated de- 
viation 
from 
normal 

Season  and 
month 

Normal 

Actual 

Devia- 
tion 
from 

normal 

Accumu- 
lated de- 
viation 
from 
normal 

1905-6 

September 

October 

November 

In. 
0.70 
.93 

1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 

.93 

1.17 

1.10 

1.24 

1.01 

.84 

.99 

1.14 

.90 

.43 

.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 

In. 

0.15 

0 

.09 
1.20 
1.01 
1.10 
1.99 

.24 
1.68 
2.72 

.09 

.10 

.11 

.06 

1.00 

1.71 

1.34 

2.90 

4.80 

.97 

.93 

2.43 

.15 

.43 

.70 
1.19 
.72 
1.79 
.28 
.10 
,03 
.12 
1.88 
1.75 
.49 
.60 

.82 
1.88 
.46 
.16 
3.49 
1.25 
.44 
.34 
.49 
.08 
1.28 
.30 

1.54 
.73 
3.95 
1.63 
1.35 
1.61 
.16 
.73 
.52 
.06 
.12 
0) 

.96 
.48 
1.90 
1.13 

In. 

-0.55 
-.93 

-1.08 
+.10 
-.23 
+.09 

+1.15 
-.75 
+.44 

+1.82 
-.34 
-.16 

-.59 
-.87 
-.17 
+.61 
+.10 
+1.89 
+3.96 
-.02 
-.21 

+.17 

0 

+.26 
-.45 
+.69 
-.96 
-.91 
-.81 
-.87 
+.74 
+.86 
+.06 
+.34 

+.12 
+.95 
-.71 
-.94 
+2.25 
+.24 
-.40 
-.65 
-.65 
-.82 
+.85 
+.04 

+.84 
-.20 
+2.78 
+.53 
+.11 
+.60 
-.68 
-.26 
-.62 
-.84 
-.31 
-.26 

+.26 
-.45 
+.73 
+.03 

In.      ' 
-0.55  i 
-1.48  1 
-2.66  1 

-2.46 ; 

-2.69  1 
-2.60  1 
-1.45 
-2.  20  1 
-1.76 
+.06 
-.28 
—.44 

-.59 
-1.46 
-1.63 
-1.02 
-.92 
+.97 
+4.93 
+4.91 
+4.70 
+6.23 
+6.95 
+6.12 

0 

+.26 
-.19 
+.50 
-.46 
-1.37 
-2.18 
-3.05 
-2.31 
-1.46 
-1.40 
-1.06 

+.12 

+1. 07 

+.36 

-.58 

+1.67 

+1.91 

+1.51 

+.86 

+.21 

-.61 

+.24 

+.28 

+.84 
+.64 
+3.42 
+3.95 
+4.06 
+4.66 
+3.98 
+3.72 
+3.10 
+2.26 
+1.96 
+1.69 

+.25 
-.20 
+.63 
+.56 

1910-11 

January 

February 

March    . 

In. 

1.24 

1.01 
.84 
.99 

1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 

.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 

In. 

2.92 
.74 
.49 
.43 

1.74 
.83 
.05 
.04 

.10 
1.46 
1.88 
.78 
2.29 
.64 
1.29 
1.68 
.63 
.46 
.48 
.16 

.30 
2.89 
1.10 
.54 
1.19 
.21 
.65 
.53 
.75 
2.54 
1.60 
.17 

2.09 

1.35 

2.09 

1.77 

2.13 

.65 

.02 

1.51 

.61 

.75 

.32 

0 

1.08 
1.45 
.01 
.49 
.79 
.70 
.30 
.64 
3.13 
.27 
.25 
.02 

1.54 

0 

1.31 

1.68 

1.47 

2.05 

1.09 

1.16 

In. 

+1.68 
-.27 
-.35 
-.56 
+.60 
-.07 
-.38 
-.22 

-.60 
+.53 
+.71 
-.32 
+1.05 
-.37 
+.45 
+.69 
-.51 
-.44 
+.06 
-.10 

-.40 

+1.96 

-.07 

-.56 

-.05 

-.80 

-.19 

-.46 

-.39 

+1.64 

+1.07 

-.09 

+1.39 
+.42 
+.92 
+.67 
+.89 
-.36 
-.82 
+.52 
-.53 
-.15 
-.11 
-.26 

+.38 
+.52 

-1.16 
-.61 
-.46 
-.31 
-.54 
-.36 

+1.99 
-.63 
-.18 
-.24 

+.84 
-.93 
+.14 
+.48 
+.23 
+1.04 
+.25 
+.17 

In. 

+2.24 
+1.97 
+1.62 

April 

+1.06 

January 

May 

+1.66 

June 

+1.59 

March 

July 

+1.21 

April 

August 

+.99 

May  .. 

1911-12 

September 

October.- 

November 

December 

January 

February 

March 

June 

July 

-.60 

August... 

-.07 

1906-7 

September 

October 

November 

+.64 

+.32 

+1.37 

+1.00 

+1.46 

December    

AprH 

+2.14 

January 

February 

March 

May 

+1.63 

June 

+1.19 

July... 

+1.24 

April 

August 

+1.14 

May 

1912-13 

September 

October 

November 

December 

January 

February 

March 

June 

July. 

-.40 

August 

+1.66 

1907-8 

September 

October.- 

+1.49 
+.93 
+.88 

AprU 

-.67 

January 

February 

May 

-.96 

June   .    .  

+.68 

March    . 

July 

+1.76 

April 

August 

+1.66 

May 

1913-14 

September 

October ... 

November 

December 

January 

February 

March 

June 

July 

+1.39 

August 

+1.81 

1908-9 

September 

October- _ 

Nnvftmbfir 

+2.73 
+3.40 
+4.29 
+3.93 
+3.11 

April 

+3.63 

January 

February 

March 

May.- 

+3.10 

June 

+2.95 

July.. 

+2.84 

April 

August 

+2.58 

May 

1914-15 

September 

October 

November 

December 

January 

February 

March     

June -      

July 

+.38 

August 

+.90 

1909-10 

September 

October 

-.26 
-.87 
-1.32 
-1.63 
-2.17 

April 

-2.62 

January 

February 

March 

May 

-.63 

June           

-1.16 

July.. 

-1.34 

August 

-1.58 

May 

1915-16 

September 

October 

November 

December 

January 

February 

March 

June 

July 

+.84 

August         

-.09 

1910-11 

September 

October 

+.05 
+.63 

+.76 
+1.80 
+2.06 

December 

April 

+2.22 

Trace. 
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Table  36. — Precipitation  at  Twin  Falls,  Idaho,  seasons  of  1905-6  to  1927-28, 

inclusive — Continued 


Season  and 
month 


19I&-16 

May 

June 

July 

August 

1916-17 
September- 
October 

November.. 
December.. 

January 

February... 

March 

April 

May 

June 

July 

August 

1917-18 
September.. 

October 

November.. 
i;>eceniber.. 

■January 

February... 

March 

April 

May 

June 

July 

August 

1918-19 
September.. 

October 

November.. 
December.. 

January 

February... 

March 

April 

May 

June 

July 

August 

1919-20 
September.. 

October 

November.. 
December.. 

January 

February... 

March 

April 

May 

June 

July 

August 

1920-21 
September.. 

October 

November.. 
December.. 

January 

February... 

March 

April 

May 

June 

» Trace. 


Devia- 
tion 
from 

normal 

Accumu- 
lated de- 

Normal 

Actual 

viation 

from 

normal 

In, 

In. 

In. 

In. 

1.14 

0.80 

-0.34 

+1.88 

.90 

.08 

-.82 

+1.06 

.43 

.35 

-.08 

+.98 

.26 

.01 

-.25 

+.73 

.70 

0 

-.70 

-.70 

.93 

1.30 

-h.37 

-.33 

1.17 

.76 

-.41 

-.74 

1.10 

1.55 

-f.45 

-.29 

1.24 

1.19 

-.05 

-.34 

1.01 

.76 

-.25 

-.59 

.84 

.93 

+.09 

-.60 

.99 

1.66 

+.57 

+.07 

1.14 

1.16 

+.02 

+.09 

.90 

.05 

-.85 

-.76 

.43 

.06 

-.37 

-1.13 

.26 

.07 

-.19 

-1.32 

.70 

.72 

+.02 

+.02 

.93 

0 

-.93 

-.91 

1.17 

1.40 

+.23 

-.68 

1.10 

.07 

-1.03 

-1.71 

1.24 

1.22 

-.02 

-1.73 

1.01 

.56 

-.45 

-2.18 

.84 

.68 

-.26 

-2.44 

.99 

.86 

-.13 

-2.57 

1.14 

.93 

-.21 

-2.78 

.90 

.58 

-.32 

-3.10 

.43 

.43 

0 

-3.10 

.26 

.27 

+.01 

-3.09 

.70 

.81 

+.11 

+.11 

.93 

1.60 

+.67 

+.78 

1.17 

.49 

-.68 

+.10 

1.10 

.48 

-.62 

-.62 

1.24 

.51 

-.73 

-1.25 

1.01 

1.23 

+.22 

-1.03 

.84 

1.24 

+.40 

-.63 

.99 

.98 

-.01 

-.64 

1.14 

.14 

-1.00 

-1.64 

.90 

0 

-.90 

-2.64 

.43 

.24 

-.19 

-2.73 

.26 

.01 

-.25 

-2.98 

.70 

1.49 

+.79 

+.79 

.93 

.72 

-.21 

+.68 

1.17 

1.07 

-.10 

+.48 

1.10 

'      .90 

'   -.20 

H.28-- 

1.24 

.29 

-.95 

-.67 

1.01 

.85 

-.16 

-.83 

.84 

.69 

-.25 

-1.08 

.99 

1.72 

+.73 

-.36 

1.14 

.53 

-.61 

-.96 

.90 

.26 

-.64 

-1.60 

.43 

.09 

-.34 

-1.94 

.26 

.19 

-.07 

-2.01 

.70 

.49 

-.21 

-.21 

.93 

2.71 

+1.78 

+  1.67 

1.17 

1.31 

+.14 

+  1.71 

1.10 

.90 

-.20 

+1.51 

1.24 

1.13 

-.11 

+  1.40 

1.01 

1.09 

+.08 

+  1.18 

.84 

.45 

-.39 

+1.09 

.99 

1.44 

+.45 

+1.54 

1.14 

2.78 

+  1.64 

+3.18 

.90 

.01 

-.29 

+2.89 

Season  and 
month 


1920-21 

July 

August 

1921-22 

September 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

-\ugust 

1922-23 

September 

October. 

November 

December 

January. 

February 

March 

April 

May 

June.. 

July 

August 

192.'i-24 

September 

October 

November 

December 

January 

February 

March 

April 

May 

June 

July 

August 

1924-25 

September 

October.. 

November 

December 

January 

February 

March 

April 

May 

June..  

July 

August 

1925-26 

September 

October. 

November 

December 

January 

February 

March 

April 

.May 

June 

July 

August 


Normal 


In. 
0.43 
.26 


.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 


.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 


1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 


.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 


.70 
.93 
1.17 
1.10 
1.24 
1.01 
.84 
.99 
1.14 
.90 
.43 
.26 


In. 
0.08 


.06 
.10 
1.33 
1.33 
1.43 
.88 
.91 
1.20 
1.35 
.84 
.42 


.01 
.17 
.67 
.66 
.64 
.17 
.82 
2.41 
1.60 
2.36 
.88 
.27 


1.34 
1.81 
.69 
.84 
.20 
1.12 
.12 
.04 
.22 
.16 
.10 
.26 


.12 
1.66 

.61 
2.03 
1.42 
1.13 
1.26 
1.12 

.83 
1.15 
1.60 

.70 


.92 
.37 
.91 
.82 
.33 

1.00 
.38 

1.19 
.31 

(•) 
.58 
.10 


Dftvia-  Accumu 


from 
normal 


In. 

-0.35 
+.63 


+.16 


-.01 
+.62 


-.76 
-.50 
-.46 
-.60 
-.84 
-.62 

+1.42 
+.46 

+1.46 
+.45 
+.01 


+.64 
+.88 
-.58 
-.26 
-1.04 
+.11 
-.72 
-.96 
-.92 
-.76 
-.33 
0 


-.68 
+.73 
-.66 
+.93 
+.18 
+.12 
+.41 
+.13 
-.31 
+.25 
+1.07 
+.44 


+.22 
-.66 


-.91 
-.01 
-.46 
+.30 
-.83 
-.90 
+.15 
-.16 


viation 

from 

normal 
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Table  36. — Precipitation  at  Twin  Falls,   Idaho,  seasons  of  1905-6  to  1927-28, 

inclusive — Continued 


Season  and 
month 


1926-27 
September. 

October 

November. 
December - 

January 

February... 

March 

April 

May 

June 

July. 

August 


Devia- 
tion 
from 

normal 

Accumu- 
lated de- 

Normal 

Actual 

viation 

from 

normal 

In. 

In. 

In. 

In. 

0.70 

0.03 

-0.67 

-0.67 

.93 

.35 

-.58 

-1.25 

1.17 

1.72 

+.55 

-.70 

1.10 

.77 

-.33 

-1.03 

1.24 

.68 

-.56 

-1.59 

1.01 

1.55 

+.54 

-1.05 

.84 

.41 

-.43 

-1.48 

.99 

1.38 

+.39 

-1.09 

1.14 

2.24 

+1.10 

+.01 

.90 

.04 

-.86 

-.85 

.43 

.04 

-.39 

-1.24 

.26 

.15 

-.11 

-1.35 

Season  and 
month 


1927-28 
September- 
October 

November. 
December.. 
January — 
February... 

March 

April 

May 

June 

July... 

August 


Devia- 

Normal 

Actual 

tion 

from 

normal 

in. 

In. 

In. 

0.70 

0.  69 

-0.01 

.93 

1.03 

+.10 

1.17 

1.70 

+.53 

1.10 

.33 

-.77 

1.24 

.83 

-.41 

1.01 

,33 

-.68 

.84 

2.18 

+1.34 

.99 

.40 

-.59 

1.14 

.16 

-.98 

.90 

1.06 

+.16 

.43 

.11 

-.32 

.26 

(») 

-.26 

Accrmiu- 
lated  de- 
viation 

from 
normal 


In. 

-0.01 

+.09 

+.62 

-.15 

-.66 

-1.24 

+.10 

-.49 

-1.47 

-1.31 

-1.63 

-1.89 


1  Trace. 

The  data  in  Table  36  suggest  that  the  sign  of  the  accumulated  devia- 
tion of  precipitation  at  the  end  of  February  is  maintained  for  the  rest 
of  the  precipitation  year.  There  are  few  exceptions  to  this  generaliza- 
tion. The  greater  the  accumulated  deviation  at  the  end  of  any  one 
month,  the  greater  is  the  possibility  of  a  monthly  deviation  of  the 
opposite  sign  in  the  immediately  succeeding  month. 

THE  DISTRIBUTION    OF  EUTETTIX   TENELLUS  AND    ITS    PROBABLE 
LIMITS  OF  ECONOMIC  SPREAD « 

REQUIREMENTS  FOR  THE  USE  OF  THE  CLIMOGRAPH 

The  climograph  of  John  Ball  {2)  has  been  extensively  used  in  recent 
years  as  a  means  of  comparing  climates  with  respect  to  precipitation 
and  temperatures  by  Huntington  {20),  Cook  {11,  13),  and  Seamans 
{26).  These  writers  have  plotted  the  mean  monthly  temperature 
and  monthly  precipitation,  the  graph  forming  a  closed  polygon. 

The  fundamental  requirement  for  the  proper  use  of  the  climograph 
in  entomological  work  is  a  study  of  the  insect  concerned  under  specific 
climatic  conditions,  preferably  those  which  typify  the  optimum  for 
the  insect  as  far  as  that  can  be  determined.  If  the  study  can  be 
extended  to  include  conditions  which  vary  from  optimum  to  very 
much  less  favorable,  the  significance  of  slight  differences  can  be  more 
properly  evaluated. 

The  present  use  of  the  climograph  as  a  means  of  determining  the 
probable  limits  of  the  insect's  range  is  based  on  such  a  study.  The 
Snake  River  Valley,  from  Sugar  City  (which  is  close  to  the  west 
entrance  of  Yellowstone  National  Park)  south  to  Pocatello,  then 
west  to  Glenns  Ferry,  offers  a  range  of  conditions  within  which  the 
insect  finds  an  environment  gradually  approaching  optimum  and 
reaching  its  peak  between  Twin  Falls  and  Glenns  Ferry. 

The  usual  method  of  using  mean  temperatures  is  not  applicable  to 
this  case,  since  the  significant  points  are  found  in  extremes  and  the 


•  This  study  does  not  include  California.  Climatic  conditions  are  so  varied  there  that  limiting  factors 
are  probably  of  an  entirely  different  nature  from  those  encountered  east  and  north  of  that  State.  Without 
personal  acquaintance  with  the  environment  of  the  insect  there,  the  writer  considered  it  inadvisable  to 
include  California  in  this  study.  Detailed  data  on  the  insect  in  California  may  be  found  in  the  writings  of 
H.  H.  P.  Severin  {26,  27,  28). 
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average  rarely  happens.  Since  the  data  must,  for  purely  physical 
reasons,  be  averaged  to  some  extent,  mean  maxima  and  mean  mmima 
have  been  taken,  so  that  for  each  locaUty  there  are  two  climographs, 
precipitation  of  course  being  the  same  in  each  case.^ 

THE  SNAKE  RIVER  VALLEY  FROM  SUGAR  CITY  TO  GLENNS  FERRY,  IDAHO 

The  mean  maxima  gradually  decrease  in  passing  up  the  Snake  River 
Valley  from  Glenns  Ferry  to  Sugar  City.  Rupert  and  Twin  Falls 
show  climographs  almost  exactly  similar  in  all  respects.  (Fig.  24.) 
The  influence  of  proximity  of  mountains  is  seen  at  Pocatello,  this 
influence  becoming  more  pronounced  as  Sugar  City  is  reached. 

The  mean  minima,  especially  in  the  winter  months,  decrease  pro- 
gressively as  the  location  changes  eastward  and  northward.  Pre- 
cipitation, especially  in  the  months  of  May,  June,  and  July,  increases 
in  the  same  direction. 

Since  curly-top  outbreaks  gradually  diminish  as  one  goes  east  and 
north,  the  significance  of  differences  in  these  chmographs  can  be 
determined. 

MEAN    MINIMA 

Outbreaks  from  Rupert  to  Twin  Falls  are  (as  reference  to  the  sec- 
tion on  forecasting  will  show)  conditioned  largely  by  deviations  from 
the  mean  minima.  The  climate  of  this  portion  of  the  area  represents 
a  finely  balanced  condition  which  requires  only  a  deviation  in  either 
direction  to  produce  either  an  outbreak  or  freedom  from  one.  Com- 
paring the  mean  minima  of  these  two  places  with  those  of  Idaho 
Falls,  where  serious  outbreaks  are  rare,  and  Sugar  City,  where  they 
are  still  more  rare,  it  is  seen  that  slight  differences  in  mean  minima 
are  of  great  importance  in  indicating  the  much  greater  deviations 
from  the  normal  which  are  necessary  before  the  conditions  in  the  last 
two  places  are  brought  within  the  danger  zone.  These  normal  mean 
minima  are  averages  of  temperatures  actually  occurring  over  periods 
of  many  years.  The  detailed  charts  (figs.  13  to  22)  referred  to  in  the 
section  on  forecasting  indicate  for  a  period  of  10  years  just  what 
extremes  the  differences  in  normal  mean  minima  between  Twin  Falls 
and  Idaho  Falls  involve. 

MEAN    MAXIMA 

In  the  Twin  Falls  district  the  winter  and  spring  maxima  are  of 
great  importance  in  governing  the  preoviposition  period  of  the  over- 
wintering females,  the  speed  of  development  of  the  first  brood,  and 
the  maturity  of  the  short-lived  host  plants.  The  influence  of  this 
factor  varies  from  a  maximum  at  Glenns  Ferry  to  a  minimum  at 
Sugar  City. 

PRECIPITATION 

As  in  the  case  of  minimum  temperatures,  the  Twin  Falls  area  is 
finely  balanced  with  respect  to  precipitation  and  its  effect  on  out- 
breaks. The  significant  points  involved  here  are  incidence  of  rainfall 
as  well  as  its  quantity.  Rainfall  in  the  fall  of  the  year  is  undoubtedly 
of  great  importance  in  conditioning  the  capacity  of  the  insect  to  sur- 
vive the  wmter,  either  with  respect  to  succeeding  low  temperatures 

7  The  climatological  data  used  for  these  climographs  are  taken  from  the  published  records  o(  the  Weathv 

Bureau. 
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or  with  respect  to  host  plants.  (See  section  on  host-plant  relation- 
ships.) After  the  winter  has  operated  with  respect  to  success  of 
hibernation,  rainfall  in  the  spring  and  early  summer  is  probably  the 
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Figure  24.— Climographs  of  localities  in  the  Snake  River  Valley,  in  Idaho,  from  Sugar  City  to 

Glenns  Ferry 

most  important  factor  involved.  An  extremely  dry  spring  with  it& 
correlated  high  temperature  is  invariably  associated  in  this  area  with 
an  outbreak  if  conditions  have  been  favorable  for  hibernation  the 
previous  winter. 
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As  in  the  case  of  temperatures,  the  rainfall  varies  with  the  locality, 
although  there  is  not  the  steady,  uninterrupted  change  in  one  direc- 
tion. The  heavier  rainfall  of  Pocatello  undoubtedly  contributes  to 
offset  the  similarity  of  its  mean  minima  to  those  of  Twin  Falls.  The 
rQ-infall  of  Sugar  City  has  a  distribution  slightly  different  from  that  of 
Idaho  Falls,  but  from  Idaho  Falls  to  Sugar  City  in  1926,  which  was 
one  of  the  driest  years  on  record,  aphid  injury  on  beets  was  very 
pronounced.  This  is  an  indication  of  lower  evaporation  rates  and 
higher  humidities,  which  the  lower  temperatures  would  lead  one  to 
expect. 

SUMMARY    OF    CLIMATIC    CONDITIONS 

To  summarize,  the  climatic  conditions  of  the  area  of  which  Twin 
Falls  is  the  center  are  such  as  to  provide  a  finely  balanced  condition 
with  respect  to  outbreaks  of  E.  tenellus.  The  mean  minima  for  the 
winter  months  at  Twin  Falls  represent  therefore  an  index  base  line 
with  which  the  mean  minima  in  other  places  can  be  compared,  lower 
mean  minima  indicating  the  more  frequent  occurrence  of  limiting 
extremes,  and  higher  mean  minima  indicating  more  successful 
hibernation.  High  mean  maxima  in  the  spring  months  condition  the 
development  of  the  first  brood  and  the  suitability  of  the  short-lived 
annual  host  plants. 

Precipitation  is  important  with  respect  to  incidence  and  quantity. 
The  normal  quantity  in  the  Twin  Falls  district  can  also  be  taken  as 
an  index  base  line  for  comparative  purposes. 

LOCALITIES  IN  OREGON  AND  WASfflNGTON 

In  Oregon  and  Washington  we  have  two  very  different  sets  of 
climatic  conditions.  The  area  west  of  the  Cascades  in  Oregon, 
typified  by  Grants  Pass  and  the  Bellingham  district,  represents  the 
high-rainfall  belt  of  the  Pacific  Northwest  on  the  one  hand  and,  on 
the  other,  six  locations  from  these  two  States  represent  climatic 
conditions  east  of  the  Cascades.     (Figs.  25  and  26.) 

Observations  in  the  Willamette  Valley  in  Oregon  indicate  clearly 
that  this  coastal  area  is  not  one  where  the  insect  can  successfully 
hibernate.  Through  the  courtesy  of  M.  B.  McKay,  the  writer  was 
taken  in  the  early  spring  of  1927  to  places  where  beets  had  suffered 
severely  from  curly  top  in  the  summer  of  1926  and  where  the  insect 
had  been  plentiful.  No  indications  that  the  insect  had  survived  were 
found.  The  native  vegetation  was  rank  and  relative  humidities  were 
high.  The  area  was  visited  again  in  the  middle  of  June,  1927,  again 
with  negative  results.  These  high  rainfall  areas  of  the  Pacific  coast 
suggest  therefore  another  limiting  factor  on  the  spread  of  the  insect. 
The  writer  has  conducted  experiments  on  the  effect  of  high  humidities 
at  temperatures  between  50°  and  60°  F.  and  has  found  that  these  are 
fatal  if  long  maintained. 

The  dry  midsummers,  however,  are  of  very  great  importance  if  the 
insect  migrates  into  these  areas  at  that  time,  because  temperatures 
are  normally  favorable  at  that  season  and  precipitation  is  low.  If  the 
migration  occurs  in  an  abnormally  dry  season,  as  in  1926,  great  damage 
ensues. 

This  applies  with  more  force  to  the  Willamette  Valley  than  to  the 
Bellingham  (Wash.)  area  where  the  summer  maxima,  even  in  the 
drier  part  of  the  season,  are  much  lower,  and  precipitation  is  slightly 
higher  than  in  the  Willamette  Valley. 
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East  of  the  Cascades  the  climographs  closely  approximate  that  of 
Twin  Falls.  A  beet-sugar  factory  was  moved  out  of  Sunny  side, 
Wash.,  in  1925  on  account  of  outbreaks  of  E.  tenellus,  and  two  other 
factories  in  the  Yakima  Valley  shared  the  same  fate.  Wilbur  is  taken 
as  representing  the  dry-land  section  of  eastern  Washington.  In  this 
case  the  mean  minima  are  such  as  to  offer  occasional  freedom  from 


SO 

\eo 

\ 

\ 

\ 

\\ 

/o 

XI 

/> 

/ 

^ 

? 

k^ 

A 

/< 

^. 

i^r/ 

/^. 

JZZc 

^ 

'\ 

\ 

Ic 

'X) 

y 

7 

\ 

•/ — - 
/^ 

\ 

V 

>^ 

2 

\ 

// 

" 

\ 

/2 

/ 

B 

z^ 

(?A 

^y^/V, 

oe 

*A 

■*'(\ 

'Ni 

// 

«N.  ^ 

2 

*■ 

D 

P/2, 

A/El' 

^/LL. 

iP 

Figure  25.— Climographs  of  localities  in  Oregon 

outbreaks,  but  the  precipitation  is  too  low  for  safety  with  respect 
to  that  factor. 

Prineville,  Oreg.,  was  visited  by  the  writer  in  1925,  and  serious 
disease  was  noted  on  mangels  and  test  plots  of  sugar  beets.  Test 
plots  the  previous  year  had  all  failed.  E.  tenellus  was  found  widely 
scattered  over  the  district  and  in  considerable  numbers.  La  Grande, 
Oreg.,  has  a  climograph  indicating  that  limiting  minimum  tempera- 
tures are  very  rare.  Spring  rainfall  is  higher,  but  a  series  of  dry 
seasons  eliminated  the  sugar-beet  industry  in  that  region  some  years 
ago. 
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LOCAUTIES  IN  MONTANA 


The  State  of  Montana,  lying  as  it  does  in  such  close  proximity  to 
the  great  breeding  grounds  in  Idaho,  offers  an  excellent  opportunity 
for  the  study  of  limiting  factors.     The  presence  of  the  insect  east  of 


^^ 


/c? 


n 

, , 

\ 

1 

\           \ 

1 

i 

7^^        ! 

1 

Y    \//9 

i 

7^ 

* 

^f>" 

k 

!    ^ 

/ 

■  ■'  4 

X 

/ 



A 

^^. 

CA/A 

^C^/ri. 

^/^ 

O  /  2  >?  '^  ^  /  J^  n^ 


&C? 


1> 


7<:? 


I 

^  SO 


20 
/O 


7 

\ 

y 

'Af 

7 

\ 

\ 

\Sf 

\ 

\ 

|V*^ 

) 

^    \ 

/ 

y 

i 

B 

k  L 

£ 

'LL£^ 

VSS6 

'^^ 

7 

^fiff 

7 

A- 

1 

1 

\ 

k 

/ 

H 

r 

D 

«. 

r^/A^A 

>t5>4 

L 

Figure  20.— Cliinographs  of  localities  in  Washington 


the  Rockies  has  been  reported  (7),  and  it  is  extremely  probable  that 
migrations  into  that  area  have  repeatedly  occurred  during  the  years 
of  great  dispersions.  The  climographs  of  Havre,  Miles  City,  Glas- 
gow, and  the  agricultural  college  at  Bozeman,  with  their  low  mean 
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minima  and  high  summer  rainfall,  provide,  the  writer  believes,  an 
adequate  explanation  of  the  failure  of  the  insect  to  become  established 
there.     (Fig.  27.) 

The  Bitterroot  (Missoula)  and  Flathead  (Kalispell)  districts  are 
extremely  interesting  as  border-line  zones.  There  is  easy  connection 
between  these  districts  and  the  breeding  grounds  of  Idaho  and  Wash- 
ington, and  the  probability  is  that  some  E.  tenellus  find  their  way 
into  them  every  year.     Low  mean  minima,  together  with  the  high 
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Figure  27.— Climographs  of  localities  in  Montana 

summer  precipitation  normal  to  these  areas,  indicate  that  freedom 
from  serious  outbreaks  can  be  reasonably  expected,  and  it  was  on 
the  basis  of  these  data,  coupled  with  personal  observations  in  the 
territory,  that  a  report  to  that  effect  was  made  to  a  sugar  company 
investigating  the  area  prior  to  establishing  a  factory  there. 

The  finding  of  a  single  specimen  of  K.  tenellus  in  a  small  beet  patch 
in  the  Bitterroot  Valley  in  September,  1927,  as  well  as  six  or  seven 
cases  of  disease  in  the  same  patch,  indicates  that  such  occurrences 
may  be  expected.  The  amount  of  this  infestation  will  be  determined 
by  conditions  in  the  dispersal  area  from  which  the  insects  come,  as 
well  as  temperatures  and  precipitation  in  the  valleys  after  the  influx. 
An  abnormally  dry  and  hot  summer  permits  an  abnormal  develop- 
ment of  both  insect  and  disease.     Visits  to  the  Bitterroot  and  Flat- 
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head  districts  in  May  and  September,  1927,  where  locations  of  leaf- 
hopper  populations  in  1926  (7)  were  given  special  attention,  indicate 
strongly  that  these  districts  are  not  favorable  for  the  overwintering 
of  the  insect. 

These  districts  are  also  under  the  influence  of  the  foehn  winds. 
The  extremes  and  sudden  changes  of  temperature  associated  with 
these  winds  are  hidden  in  the  averaged  temperatures.     These  condi- 
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FiQUBK  28.— Climographs  of  localities  in  Utah 


tions  probably  represent  another  limiting  factor,  that  of  fluctuating 
winter  temperatures.  Reference  to  the  detailed  charts  presented  in 
the  section  relating  to  forecasting  will  indicate  that  recurring  low 
temperatures,  with  periods  of  higher  temperatures  in  between,  are 
inimical  to  successful  hibernation. 


LOCAUTIES  IN  UTAH 


The  climographs  shown  in  Figure  28  illustrate  the  wide  variety  of 
conditions  met  with  in  Utah. 

St.  George,  in  the  southern  end  of  the  State,  represents  the  most 
extreme  conditions  encountered.     Precipitation  is  low,  but  the  mean 
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maxima  indicate  the  early  hot  spring  weather.  The  probability  of  a 
very  early  spring  brood  developing  is  very  great,  and  this  district  is 
being  studied  at  the  present  time  as  a  possible  dispersal  area  for  the 
Sevier  Valley. 

Richfield  is  taken  as  representative  of  the  Sevier  Valley  climate. 
The  mean  minima  indicate  the  more  frequent  occurrence  of  limiting 
extremes  of  low  temperature  than  is  the  case  in  Twin  Falls.  Obser- 
vations made  by  E.  W.  Davis  in  that  district  in  the  winter  of  1926-27 
suggest  that  overwintering  in  the  valley  is  rare.  The  low  precipita- 
tion during  the  spring  and  summer  months  constitutes  a  real  danger, 
since  conditions  are  thus  made  very  favorable  to  the  insect's  rapid 
development.  In  years  when  the  precipitation  is  below  normal,  this 
is  even  more  pronounced. 

Milford  is  typical  of  a  large  area  in  southeastern  Utah.  The  mean 
minima  indicate  that  extremes  of  limiting  low  temperature  are  of 
fairly  frequent  occurrence.  The  precipitation  is  low  and  this  factor 
probably  operates  to  produce  an  unfavorable  host-plant  condition. 
This  district  is  also  under  observation  as  a  possible  dispersal  area. 

At  Salt  Lake  City  the  normal  precipitation  is  a  factor  in  favor  of 
the  district.  The  winter  minima  are  dangerous.  In  the  vicinity  of 
Salt  Lake  City  the  areas  of  wild  host  plants  are  small  and  this  no 
doubt  helps  to  reduce  the  amount  of  damage  in  that  vicinity.  How- 
ever, considerable  damage  is  done  every  year,  presumably  as  a  result 
of  migration  into  the  area. 

Logan,  as  representative  of  Cache  Valley  conditions,  offers  two 
limiting  factors — one,  the  mean  minima,  and  the  other,  the  higher 
precipitation.  Cache  Valley,  in  general,  suffers  less  damage  than  any 
other  important  beet-growing  district  in  Utah.  Even  in  1926,  a  most 
disastrous  year  generally  over  the  beet-growing  areas  in  Utah  and 
Idaho,  a  trip  taken  over  the  valley  failed  to  indicate  that  curly  top 
was  the  principal  factor  in  the  beet  situation  at  that  time.  The 
cultivated  sections  of  the  Cache  Valley  are  not  to  any  degree,  if  at  all, 
overwintering  areas  for  the  insect.  The  vegetation  along  the  roadsides 
is  rank  and  densely  matted — a  condition  usually  associated  with 
freedom  from  E.  tenellus. 

Kelton,  in  the  northwestern  corner,  has  a  climograph  suggestiag 
the  very  frequent  occurrence  of  extremes  of  low  temperatures.  An 
abnormally  mild  winter  would  no  doubt  be  followed  by  high  popula- 
tions of  E.  tenellus,  with  a  very  likely  prospect  of  the  host  plants  soon 
becoming  unfavorable. 

Considering  the  problem  in  Utah  as  a  whole,  it  seems  likely  that 
none  of  the  beet-growing  districts  are  located  in  permanent  breeding 
grounds  (Delta  having  been  recently  abandoned)  and  that  before 
forecasting  can  be  attempted  there  the  dispersal  areas  for  the  whole 
State  must  be  known  and  basic  data  accumulated  as  to  the  w^eather 
and  its  relations  to  the  insect. 

LOCAUTIES  IN  COLORADO 

Boulder,  Colo.,  lies  in  a  district  where  beet  growing  has  been  most 
successful  and  where  no  damage  from  curly  top  has  ever  been  reported 
The  host-plant  areas  in  this  territory  are  very  limited,  but  the  princi- 
pal factor  operating  appears  to  be  summer  precipitation.     (Fig.  29.) 
The  district  is  also  in  the  foehn  wind  belt,  but  the  significance  of  this 
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factor  is  not  indicated  by  mean  temperatures.    Areas  of  high  summer 
rainfall  appear  generally  to  be  free  from  outbreaks  of  E.  tenellus. 
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FiouRK  29 .— Climographs  of  localities  In  Colorado 


Las  Animas,  in  the  Arkansas  Valley  of  Colorado,  is  another  case  in 
point,  although  low  temperatures  are  an  additional  factor  there.  The 
records  for  curly  top  in  this  district  indicate  clearly  that  the  dispersal 
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area  for  the  leaf  hoppers  found  there  is  not  close  at  hand  but  more 
probably  lies  to  the  southwest.  The  data  on  insect  collections  there 
are  discussed  at  the  end  of  this  section. 

Wagon  Wheel  Gap,  high  on  the  plateau  of  the  San  Luis  Valley,  is 
obviously  influenced  by  its  high  altitude  and  the  limiting  factor  in 


90 

7 

r 

70 

' 

Ir 

/^  \ 

/ 

SO 

r 

'  \ 

'// 

'( 

7 

•2 

J 

z  [" 

A 

>fi 

S6/i?^£ 

-jQoae 

7          /          2          /        ^ 

X- 

\ 

\ 

9 

6-0 

-  € 

/ 

7         " 

\ 

4.0 
30 
20 
/O 

V 

a 

f 

4  y 

i 

/ 

D 

0 

/■ 

^X 

^ACi^ 

' 

^=L 

J 

r 

J. 

/ 

#-- 

4 

\ 

? 

A*" 

4 

f 

B 

Z^ 

f 

H-^ 

7 

? 

.^ 

J 

1 

/ 

\ 

-f 

f 

/ 

4 

C 

O        /       Jg       s       -^        /       ^       s       -^ 


J 

5- 

■  7 

/l 

/O 

7 

'r^ 

■7- 

/] 

y 

7 

/I 

'^ 

/ 

/2 

E 



•3 

^ 

\ 

V 

s/ 

^N» 

f 

AT 

i 

-f 

A 

J 

/ 

Xi 

? 

\ 

} 

<s 

iZ 

F 

J 

e?-^ 

T^/Al>. 

V^/^ 

7          / 

^ 

J 

/ 

3 

Figure  30.— Climographs  of  localities  in  New  Mexico 

beet  growing  in  the  district  would  not  be  E,  tenellus  but  the  shortness 
of  the  season. 

Grand  Junction,  Colo.,  has  a  climograph  very  similar  to  that  of 
Twin  Falls.  The  records  of  disease  are  not  complete  but  are  sufficient 
to  indicate  that  serious  outbreaks  occur  in  that  section. 

LOCALITIES  IN  NEW  MEXICO 

Albuquerque,  with  a  climograph  closely  approximating  that  of 
Twin  Falls,  is  in  a  district  seriously  affec  ted  by  curly  top.  Fruit- 
land's  climograph  indicates  that  the  same  c  onditions  are  met  with  in 
the  northeastern  corner  of  the  State.     (Fig.  30.) 

Curly  top  has  been  for  years  a  serious  bar  to  beet  growing  at  Las 
Cruces  (Agricultural  College)  {23).  Fort  Sumner  represents  a  condi- 
tion where  the  incidence  of  the  rainfall  eliminates  curly  top  as  a 
limiting  factor. 

119346—30 7 
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Raton,  in  the  northeastern  part  of  the  State,  has  the  most  satis- 
factory climograph  from  the  standpoint  of  freedom  from  outbreaks  of 
E.  tenellus.  Mean  minima  are  favorable  and  the  precipitation  is 
normally  high.  Las  Vegas  has  very  similar  conditions.  The  compari- 
son of  the  curly-top  records  for  1926  for  the  Las  Cruces  and  Albu- 
querque districts  with  those  for  Las  Vegas  indicates  that  the  latter 
place  receives  its  leaf  hoppers  from  the  former.  Damage  was  much 
less  at  Las  Vegas  and  more  closely  approximated  the  conditions  in  the 
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Figure  31.— Climographs  of  localities  In  Nevada  and  Arizona 

Arkansas  Valley.  This  illustrates  the  point  that  a  locality  normally 
safe  may  become  infested,  owing  to  an  abnormal  season  wherein  the 
limiting  factors  may  be  temporarily  eliminated. 

LOCALITIES  IN  ARIZONA  AND  NEVADA 

Phoenix,  Ariz.,  and  Las  Vegas,  Nev.,  are  both  places  where  the 
insect  may  be  expected  to  be  normally  present.  (P^g.  31.)  The  host- 
plant  factor  will  undoubtedly  enter  in,  since  the  temperatures  will 
Erecludo  any  but  typical  desert  plants  on  which  large  populations 
ave  never  been  found. 
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Lovelock,  Nev.,  has  suitable  low  mean  minima,  but  precipitation  is 
also  low  and  therefore  unfavorable.  Eureka,  Nev.,  would  probably- 
escape  serious  damage  in  a  normal  year,  but  abnormally  open  winters 
and  reduced  spring  precipitation  would  be  disastrous.  This  is  also 
true  of  Flagstaff,  Ariz.,  but  precipitation  conditions  are  more  finely 
balanced  and  would  therefore  become  unfavorable  more  easily  and 
oftener.  Fort  Grant,  Ariz.,  would  probably  approximate  Phoenix, 
although  the  insect  has  not  been  studied  in  a  district  with  the  fall 
precipitation  of  Fort  Grant. 

LOCALITIES  IN  WYOMING 

Low  mean  minima  are  the  principal  limiting  factors  in  preventing 
the  insect's  permanent  establishment  in  Wyoming.     (Fig.  32.)    The 


S^' 

K" 

7 

1 

// 

!■ 

r 

i 

\s 

/^ 

\ 

\ 

J* 

r 

<< 

^/ 

B 

1     1 

; 

^\. 

i 

)  \ 

\ 

/o 

/ 

? 

/ 

/ 

A 

\ 

N, 

V 

6 

1 

/ 

i 

/ 

/ 

. 

V 

k 

r^^yQ, 

%?/^<:2 

■.AS' 

7             > 

^ 

'       J 

/ 

i 

^ 

<?        / 
Figure  32.— Climographs  of  localities  in  Wyoming 

close  proximity  of  this  State  to  the  breeding  grounds  in  Idaho  and 
Utah  indicates  that  migration  must  have  repeatedly  carried  E.  tenellus 
into  this  State.  Asa  C.  Maxson  informs  the  writer  that  occasional 
disease  is  found  at  Wheatland  and  that  in  1926  the  disease  in  the  beet 
fields  amounted  to  4  per  cent,  and  in  1927,  approximately  1  per  cent. 

LOCALITIES  IN  TEXAS 

Amarillo,  Midland,  and  Fort  McKavett  are  locations  where  the 
precipitation  is  such  as  to  be  considered  a  limiting  factor,  even  though 
mean  minimum  temperatures  are  high.  (Fig.  33.)  The  disease  has 
been  recorded  at  Amarillo  {1),  but  whether  serious  visitations  could 
be  expected  is  a  matter  to  be  determined. 

These  three  places  represent  the  only  ones  where  the  study  has 
revealed  a  climate  approximating  that  of  the  beet-growing  districts. 

The  climograph  of  Galveston  represents  the  high  temperatures  and 
precipitation  of  the  Gulf  coast.  The  latter  factor  is  undoubtedly 
limiting. 
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LOCAUTIES  IN  OTHER  STATES 


The  climographs  of  typical  localities  in  North  Dakota,  South  Dako- 
ta, Nebraska,  and  Kansas  all  furnish  evidence  of  the  limiting  factors 
of  either  low  mean  minima  or  high  precipitation,  or  both,  and,  xmless 
the  insect  is  in  process  of  adaptation,  there  appears  to  be  little  danger 
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Figure  33.— Climographs  of  localities  in  Texas 

of  economic  populations  of  E.  teneUiLS  developing  in  these  localities. 

(Fig.  34.) 

SPECinC  PREDOMINANCE  AS  AN  INDEX  OF  THE  ENVIRONMENTAL  COMPLEX 

Two  localities,  both  border  line  as  far  as  E.  ienellus  is  concerned, 
offer  an  opportunity  to  examine  the  insects  collected  on  host  plants 
normally  very  favorable  to  E.  tenellus^  with  a  view  to  ascertaining 
the  predominant  host  species  and,  secondly,  the  predominant  leaf 
hopper.  The  writer  made  a  series  of  eight  collections,  representing 
a  cross  section  through  the  Arkansas  Valley  of  Colorado.  Only  those 
locations  were  chosen  which  had  the  general  characteristics  of  large 
E.  ienellus  population  centers  as  far  as  host  plants  and  type  of  growth 
were  concerned.  These  data  are  listed  in  Table  37.  Similar  data 
from  the  Bitterroot  Valley,  Mont.,  are  presented  in  Table  38. 
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Table  37. — Insects  collected  on  host  plants  of  Eutettix  ienellus  in  the  Arkansas 

Valley,  Colo.,  1927 


Host 

E,  tenellus 

1 

o  S 

Date 

1 

-a 

a 
>> 

-3 

1 

Remarks 

Sept.  22 
23 
23 

Sparse   growth   of 

Russian  thistle. 

Amaranthus-- 

Beets 

1 

2 

0 

1 
0 

1 

0 

1 
1 

5 

0 

2 
0 

3 

1 

0 

1 

0 
0 

0 

1 

0 

2 
3 

7 

0 

3 
0 

5 

1 

500 

60 

441 

228 

172 
268 

504 

700 

Predominant  insect  Agallia  sp.,  easily  predomi- 
nant over  all  other  insects. 

Agallia  sp.  predominant,  equal  to  all  others  com- 
bined. 

Predominant  insect  is  a  leaf  hopper,  Eugnathodus 
abdominalis  Van  D. 

Agallia   sp.    predominant    insect,    predominating 
over  all  others  combined. 
Do. 

23 
22 

Russian    thistle 
(roadside) . 
do 

23 

Sarcoba'tus... 

22 
22 

Russian    thistle 

(roadside) . 
Amaranthus 

hopper,  Agallia  sp. 
Agallia  sp.  predominant  over  all  others. 

Agallia  sp.  predominant,  equal  to  all  others. 

Table  38. — Insects  collected  on  host  plants  of  Eutettix  tenellus  in  the  Bitterroot 

Valley,  Mont.,  1927 


Date 


Place 


Host 


Remarks 


Sept.   7 
8 

7 
9 


St.  Augustina. 
Charlo 


Missoula. 


Just  south  of  Bit- 
terroot River. 


Stevensville. 


Pablo.. 
Charlo. 
Lolo... 


De  Smets. 
Missoula.. 


Russian  thistle  and 

Atriplex  rosea. 
Beets 


Russian  thistle  and 

A.  rosea. 
Russian  thistle 


.do. 


Russian  thistle  in 
stubble. 

Russian  thistle  and 
A.  rosea. 

Sparse  Russian  this- 
tle. 


Amaranthus. 


Russian  thistle. 


Predominant   insect,    Agallia   sp.     Predominant 

group,  leaf  hoppers.    No  tenellus. 
Predominant  insect  and  predominant  over  all  others 

combined,  flea  beetle.    7  species  of  leaf  hoppers 

approximately  equal  in  numbers,  with  Agallia  sp. 

slightly  predominant.    No  E.  tenellus. 
Predominant  insect,  Lygus  elisus.   No  E.  tenellus; 

4  species  of  leaf  hoppers  approximately  equal. 
Agallia  sp.  predominant  leaf  hopper  and  equal  to 

all  other  leaf  hoppers.    Predominant  group  Dip- 

tera. 
Predominant  group  Diptera.    Predominant  insect 

a  leaf  hopper,  Deltocephalus  striatus.    No  E. 

tenellus. 
Diptera  predominant  group.   No  leaf  hoppers. 

Predominant  groups,  leaf  hoppers  and  Diptera. 
No  predominant  species.    No  E.  tenellus. 

Diptera  and  Hemiptera  predominant.  Leaf  hop- 
pers Agallia  sanguinolenta  and  Euscelis  exitiosus. 
No  Eutettix  tenellus. 

Predominant  group  Coleoptera.  Leaf  hoppers  A. 
sanguinolenta  and  E.  exitiosus.  No  Eutettii 
tenellus. 

Predominant  insect,  flea  beetle.  No  group  pre- 
dominant. No  tenellus.  One  Agallia  species 
and  one  other  leaf  hopper. 


From  Table  37  it  will  be  observed  that  in  the  Arkansas  Valley 
the  predominant  species  on  the  wild  annual  hosts  of  E.  tenellus  is 
Agallia  sp.;  on  beets  another  leaf  hopper,  Eugnathodus  abdominalis 
Van  D.  On  Sarcobatus  the  predominant  leaf  hopper  was  Agallia 
sp.  It  is  also  notable  that  in  the  case  of  all  the  annual  hosts,  Agallia 
sp.  was  not  only  the  predominant  species,  but  in  each  case  its  num- 
bers either  equaled  or  exceeded  all  other  insects  combined. 

In  the  area  studied  in  Idaho  (Table  39)  the  situation  is  almost 
exactly  reversed,  Agallia  populations  bearing  somewhat  the  same 
relationships  to  those  of  E.  tenellus  as  tenellus  does  to  Agallia  in  the 
Arkansas  Valley.  In  Idaho  Agallia  sp.  is  found  commonly  in  rather 
damp  situations  and  is  especially  noticeable  in  the  early  spring.    In 
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1927  it  was  noticeably  abundant  in  the  beet  fields  which  generally 
provided  a  densely  shaded  and  humid  environment. 

The  cUmographs  of  the  Arkansas  Valley  differ  from  those  of  the 
Idaho  area  principally  in  the  amount  of  precipitation  and  its  sea- 
sonal incidence,  but  the  reversal  of  predominance  is  significant  and 
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Figure  34.— Typical  climographs  from  Kansas,  Nebraska,  South  Dakota,  and  North  Dakota 

suggests  an  indicator  for  use  by  explorers  seeking  specific  forms  which 
may  be  limited  to  certain  environmental  complexes,  and  as  a  method 
of  determining  subareas  differing  from  the  main  area  for  which 
weather  and  other  environmental  data  are  alone  available  this 
concept  may  properly  find  use.  It  will  become  more  available  as 
the  detailed  environmental  optima  of  other  species  are  worked  out 
so  that  the  temporary  predominance  of  certain  species  due  to  devia- 
tion from  the  normal  climatic  conditions  of  a  particular  area  may 
be  properly  evaluated  {12). 
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The  climate  of  this  valley  differs  from  that  of  the  Idaho  area  in 
having  more  rain  in  summer  and  cooler  temperatures  generally 
throughout  the  year.  The  winter  is  generally  of  a  different  type,  the 
daily  temperatures  fluctuating  within  wide  limits. 

On  the  trip  during  which  these  collections  were  made,  1  specimen 
of  E.  tenellus  was  captured  in  a  small  patch  of  beets  and  some  six 
or  seven  cases  of  curly  top  averaging  1  case  to  150  feet  of  row  were 
observed. 

Reference  to  Table  37  will  show  that  predominance  is  divided. 
However,  Agallia  sanguinolenta  still  occupies  an  important  position, 
with  Deltocephalus  striatus  and  Euscelis  exitiosus  sharing  it  in  some 
instances. 

A  series  of  collections  made  in  this  area  in  June,  1927,  by  J.  R. 
Parker,  of  the  Montana  Agricultural  Experiment  Station,  when  bet- 
ter conditions  for  collectmg  prevailed,  indicate  that  six  species 
comprised  approximately  90  per  cent  of  all  the  leaf  hoppers  collected. 
These  were  A.  sanguinolenta,  Deltocephalus  striatus  L.,  D.  collinus 
Boh.,  D.  misellus  Ball,  Cicadula 6-notata  (Fall.),  and  E.  exitiosus.  Of 
these  A.  sanguinolenta,  D.  striatus,  and  D.  misella  were  approximately 
equal  in  numbers,  with  D.  striatus  slightly  predominating. 

The  data  presented  in  Table  39  indicate  clearly  the  relation  between 
E.  tenellus  and  other  insect  species  in  the  Twin  Falls  district,  where 
the  conditions  are  favorable  to  E.  tenellus. 


Table  39. — Insects  collected  on  host  plants  of  Eutettix  tenellus  in  the  Twin  Falls 
district,  illustrating  the  predominance  of  E.  tenellus  in  1927 


Date 

Host 

E.  tenellus 

Other 

Males 

Females 

Nymphs 

•  Total 

species 

fSalsola  pestifer 

10 

25 

108 

11 

50 

99 

47 

36 

59 

10 

35 

58 

60 

44 

49 

112 

85 

43 

233 

207 

290 

35 

59 

198 

241 

39 

37 

15 

3 

3 

35 

0 

35 

116 

17 

58 
153 

17 
150 
215 
118 

53 
140 

37 

70 
197 
116 
123 
127 
284 
182 

85 
451 
270 
603 

95 
141 
445 
423 

89 

86 

46 
6 
4 

77 
0 

31 
104 

16 

31 

120 

12 

104 

104 

29 

16 

90 

3 

39 

51 

71 

50 

94 

220 

100 

49 

471 

104 

414 

14 

3 

9 

46 

6 

12 

6 

12 

2 

11 

0 

2 

1 

43 
114 
381 

40 
304 
418 
194 
105 
289 

50 
149 
306 
247 
217 
270 
616 
367 
177 
1,155 
581 
1,307 
144 
203 
652 
710 
134 
135 

67 

21 

9 

123 

0 

68 
221 

30 

do 

89 

....do 

61 

....do 

87 

do        —            

57 

....do 

22 

Sept.  18. 

do        

37 

S.  pestifer  and  Atriplex  rosea 

92 

S.  pestifer 

35 

.do 

18 

..-.do.. 

31 

do          .  - 

21 

....do 

118 

do 

134 

....do 

100 

19. 

S.  pestifer  and  A.  rosea . 

144 

do          .                   ... 

274 

S.  pestifer 

282 

S.  pestifer  and  A.  rosea  ...      .  . 

120 

do 

167 

.-..do 

121 

do         .  .                        -            

40 

....do .- 

66 

26- 

....do   

100 

-„do                                                 

298 

...do 

15 

21. 

do 

96 

.do                                                  .  .     .. 

161 

/....do .- 

445 

23- 

\ do          .      .               

6 

26. 

...    do                                           

88 

f do 

0 

Oct.    26- 

^— do 

IChrysothamnus 

6 
15 
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Table  39. — Insects  collected  on  host  plants  of  Eutettix  tenellus  in  the  Twin  Falls 
district,  illustrating  the  predominance  of  E.  tenellus  in  1927 —  Continued 


Oct.  25 


E.  teneUus 

Others 

Males 

Females 

Nymphs 

Total 

species 

129 

269 

68 

466 

136 

122 

195 

46 

363 

42 

124 

225 

171 

620 

79 

18 

85 

3 

106 

20 

77 

189 

202 

468 

63 

39 

102 

67 

198 

154 

1 

0 

0 

1 

1 

4 

8 

1 

13 

324 

71 

208 

29 

308 

4 

115 

207 

95 

417 

142 

168 

525 

150 

843 

48 

75 

201 

57 

333 

62 

132 

269 

261 

662 

147 

153 

297 

48 

498 

40 

104 

248 

39 

391 

267 

106 

302 

364 

772 

114 

42 

91 

2 

136 

38 

11 

23 

9 

43 

37 

25 

80 

23 

128 

41 

3 

2 

1 

6 

75 

1 

2 

0 

3 

7 

2 

6 

4 

12 

29 

1 

3 

0 

4 

30 

33 

128 

17 

178 

38 

5 

7 

0 

12 

18 

23 

60 

12 

95 

42 

71 

250 

48 

369 

102 

319 

696 

127 

1,142 

99 

10 

37 

18 

66 

39 

23 

84 

21 

128 

29 

157 

294 

28 

479 

46 

38 

100 

39 

177 

289 

192 

385 

104 

681 

41 

94 

245 

62 

401 

27 

122 

247 

43 

412 

60 

67 

147 

2 

216 

446 

0 

0 

0 

0 

12 

10 

0 

22 

19 

1 

2 

0 

3 

1 

6 

0 

7 

49 

18 

3 

70 

2 

0 

0 

2 

7 

10 

0 

17 

5 

0 

0 

5 

0 

0 

0 

0 

3 

2 

0 

5 

2 

2 

0 

4 

USEFULNESS  OF  THE  DATA  TO  THE  BEET-SUGAR  INDUSTRY 

Sugar  companies  in  the  seriously  affected  parts  of  the  intermoun- 
tain  region,  and  particularly  in  southern  Utah  and  the  central  Snake 
River  Plain,  are  faced  with  no  alternative  but  that  of  moving  factories 
if  a  permanent  solution  of  their  problem  can  not  be  found.  Inter- 
mittent operation,  if  guided  by  successful  forecasting,  will  do  much 
to  alleviate  the  gravity  of  the  situation,  but  one-third  the  present 
mill  capacity  will  suffice  in  those  areas  if  intermittent  operation  is 
all  that  can  be  hoped  for. 

The  exploration  for  suitable  sugar-beet  territory,  as  far  as  the 

Eossible  presence  of  E.  tenellus  is  concerned,  can  be  materialljr  assisted 
y  the  use  of  these  data.  The  Bitterroot  Valley  is  a  case  in  point. 
The  sugar  company  which  has  recently  annoimced  its  intention  of 
building  a  factory  there  used  the  data  of  this  study  when  the  ques- 
tion of  possible  outbreaks  of  tenellus  was  considered.  It  is  recog- 
nized that  the  district  lies  in  a  border-line  zone,  but  the  data  indicate 
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that  E.  tenellus,  while  no  doubt  to  be  found,  will  not  develop  popula- 
tions of  economic  importance. 

The  area  from  Las  Vegas,  N.  Mex.,  to  Raton,  N.  Mex.,  is  well  worth 
investigating,  since  the  indications  are  that  this  area  should  be  reason- 
ably free  from  damage.^  The  damage  in  1927  at  Las  Vegas  probably 
represents  a  maximum,  and  Raton  with  its  more  favorable  mean 
minima  should  be  even  less  affected. 

Three  Texas  areas  (Fort  McKavett,  Amarillo,  and  Midland) 
might  also  be  investigated  with  profit. 

The  more  northern  States  east  of  the  Rockies  are  indicated  as  safe 
as  far  as  leaf -hopper  outbreaks  are  concerned. 

MIGRATION  AND  THE  LIMITS  OF  DISTRIBUTION 

It  is  obvious  that  in  the  case  of  a  migratory  insect  the  limits  of 
distribution  may  not  coincide  with  the  economic  limits  suggested  in 
this  bulletin.  The  discovery  of  the  curly- top  disease  in  South 
Dakota  {29),  of  the  disease  and  the  insect  in  Montana  east  of  the 
Continental  Divide  (7),  of  the  insect  and  disease  140  miles  north  of 
the  Canadian  boundary  (16),  and  of  tomato  yellows  (due  to  the  same 
virus  as  curly  top)  in  Muscatine,  Iowa,  are  probably  all  cases  of  the 
insect  migrating  out  of  its  normal  range  into  areas  where  it  can  not 
survive.  The  extreme  case  is  found  in  the  record  of  the  insect  in 
Florida  (17).  Economic  loss  in  such  areas  on  the  fringes  of  the  insect^s 
range  is  extremely  unlikely. 

There  is  a  possibility  of  highly  specialized  local  environments 
maintaining  the  insect  in  districts  which  climatically  are  quite  unsuited 
for  it,  but  such  areas  are  likely  to  be  small  and  the  populations  of 
E.  tenellus  noneconomic. 

Work  is  now  under  way  on  surveys  in  Texas,  Iowa,  and  New 
Mexico.  Surveys  in  Mexico  have  been  under  way  for  some  time, 
and  in  the  near  future  the  distribution  of  the  insect  should  be  a 
matter  of  complete  record. 

THE    ENVIRONMENTAL    COMPLEX,    ITS    MEASUREMENT    AND    SIG- 
NIFICANCE TO  ENTOMOLOGY 

In  a  recent  contribution  to  quantitative  biology  Chapman  (9) 
pointed  out  the  desirability  of  reducing  the  factors  of  environmental 
resistance  to  mathematical  terms.  For  purposes  of  demonstration 
Chapman  used  the  simple  case  of  Tribolium  confusum  Duv.  in  an 
environment  of  wheat  flour.  Even  for  a  relatively  stable  environ- 
ment such  as  this  is,  Chapman  states  that  "at  first  the  total  value  of 
environmental  resistance  is  unassignable  to  definite  factors." 

In  the  case  of  a  field  environment,  however,  the  analysis  of  the 
environment  in  terms  of  isolated  factors  is  of  doubtful  value  since 
any  one  factor  must  be  considered  in  relation  to  the  rest  of  the 
environmental  complex.  It  is  true  that  single  factors  can  be  mod- 
ified experimentally,  leaving  the  rest  of  the  environment  unchanged; 
however,  except  for  a  limited  group  of  insects,  the  rest  of  the  environ- 
ment does  not  bear  the  remotest  resemblance  to  that  encountered 
in  the  field.  This  perhaps  is  a  matter  of  technic,  the  development 
of  experimental  laboratories  to  the  point  where  they  are  capable  of 

'  It  should  be  recognized  that  this  study  does  not  cover  any  phase  other  than  that  concerning  the  insects; 
economic  or  agronomic  factors  would  no  doubt  be  relevant  but  beyond  the  scope  of  this  bulletin. 
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providing  a  reasonably  accurate  duplication  of,  at  least,  the  physical 
factors  of  the  environment.  Shelford  (31)  records  progress  along 
this  line,  and  a  definite  recognition  of  the  problem  involved  is  con- 
tained in  Forbes's  introduction  to  Shelford's  paper.  There  is  a 
development,  however,  which  should  run  parallel  (though  perhaps  at 
a  faster  rate)  to  the  above-mentioned  one  and  which  is  in  harmony 
with  the  fundamental  concept  of  Chapman's  work  in  that  it  depends 
for  its  data  on  accurate  quantitative  measurements  of  factors.  This 
is  the  use  of  the  concept  of  the  environmental  complex  as  a  working 
basis.  It  may  not  be  possible  to  define  the  environmental  complex 
except  in  terms  of  individual  factors  which  are  themselves  not  reduc- 
ible to  a  common  denominator.  This  does  not  necessarily  preclude 
their  use  or  depreciate  their  usefulness  in  evaluating  the  environ- 
ment. As  a  matter  of  fact,  the  difficulty  of  finding  a  true  common 
denominator  involves  the  danger  of  mathematical  treatment  of  data 
which  are  themselves  not  mathematically  precise. 

The  study  of  Eutettix  tenellus  can  be  used  to  show  how  the  concept 
of  the  environmental  complex  permits  the  evaluation  of  the  action 
of  the  environment  on  an  insect's  population  and  behavior.  In  this 
particular  instance  there  are  perhaps  four  phases  of  significance: 
(1)  The  winter  and  its  resistance  to  the  insect's  hibernation;  (2) 
the  spring  complex,  governing  the  development  of  the  first  genera- 
tion, the  condition  of  the  host  plants,  and  subsequent  migration  of 
the  insect;  (3)  the  host-plant  succession  on  the  desert  during  the 
summer;  and  (4)  the  fall  complex  governing  the  size  of  the  third 
generation  and  consequently  the  population  entering  hibernation. 

Temperature  data  for  the  winter  months  (Tables  2  and  3)  and  the 
discussion  under  '^Prediction  of  outbreaks"  show  under  what  con- 
ditions of  temperature  the  complex  oflfers  high  and  low  winter  resist- 
ances. That  these  resistances  are  associated  with  factors  other  than 
a  simple  or  direct  temperature  reaction  has  already  been  suggested, 
but  whatever  the  explanation  may  be,  certain  conditions  of  tem- 
perature seem  definitely  associated  with  winter  resistance. 

Preparation  for  spring  activity  (ovary  development)  is  evidently 
stimulated  by  a  combination  of  temperature  and  solar  radiation,  but 
the  amounts  necessary  are  so  small  as  to  make  it  extremely  unlikely 
that  much,  if  any,  variation  between  seasons  will  be  encountered. 
After  ovary  development  has  been  completed,  the  environmental 
complex  operates  along  many  lines,  some  parallel,  some  converging. 
Table  4  shows  data  on  the  temperature  factor  while  Tables  6  and  7 
include  these  data  along  with  other  measurements  on  the  environ- 
ment. Table  4  illustrates  the  temperature  range  through  the  local 
environment,  but  a  comparison  of  the  detailed  data  of  Table  5  shows 
that  the  ratio  of  standard-shade  temperatures  to  soil-surface  tem- 
peratures is  not  a  constant,  so  other  factors  must  enter  in.  These 
are  probably  (1)  wind,  moving  the  warmed  air  rapidly  from  the 
surface  of  the  soil;  (2)  precipitation,  coohng  the  soil  surface  through 
expenditure  of  heat  of  Evaporation;  and  (3)  cloudy  weather  interfer- 
ing with  solar  radiation  and  reducing  absorption  of  heat  by  the 
earth's  surface.  As  far  as  the  area  contiguous  to  the  instrument  is 
concerned  the  data  of  Table  4  actually  represent  a  summary  of  tem- 
perature as  it  is  acted  upon  by  these  and  possibly  other  factors, 
which  illustrates  the  point  that  for  purposes  of  analysis  of  the  envi- 
ronmental complex  the  use  of  factors  which  are  themselves  summaries 
offers  the  best  approach. 
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In  considering  the  question  of  food  supply  these  summarized  factors 
are  of  great  importance,  in  fact  are  the  only  ones  available.  The 
growth  of  specific  wild  host  plants  is  a  summary  of  all  the  factors 
affecting  the  plant's  development,  but  it  should  be  remembered  that 
these  factors  may  not  concern  the  insect's  development  in  the  same 
degree.  Cell-sap  concentration  is  a  summarized  factor  capable  of 
accurate  measurement.  Soil-moisture  content  is  also  a  summary  of 
at  least  three  external  factors — precipitation,  temperature,  and 
evaporation — the  last  named  being  itself  a  summary  of  air  move- 
ment, precipitation,  temperature,  and  relative  humidity.  A  large 
number  of  factors  are  thus  expressible  in  terms  of  those  whose 
measurements  are  reported  in  this  bulletin.  Quantitative  sweeping 
has  been  the  method  whereby  the  populations  of  E.  tenellus  in  the 
environment  have  been  measured.  This  incidentally  has  afforded  an 
opportunity  to  measure  the  factors  of  competition  and  association  of 
species  in  the  insect  community. 

THE  APPLICATION  OP  DATA  ON  THE  ENVIRONMENTAL  COMPLEX  TO   PROBLEMS  IN 

ECONOMIC  ENTOMOLOGY 

Any  season  for  which  detailed  environmental  measurements  exist 
coincident  with  measurements  of  the  insect's  population  and  behavior 
can  be  used  as  a  type  complex  with  which  other  complexes  can  be 
compared.  This  will  of  course  be  limited  by  the  scope  and  detail  of 
the  data  available  for  any  one  season.  Furthermore,  since  the  effect 
of  the  environmental  complex  for  any  one  season  can  only  be  evalu- 
ated through  a  consideration  of  the  effects  of  complexes  of  previous 
seasons,  the  desirability  of  continued  observations  in  the  same 
locality  is  obvious. 

Prior  to  1919  no  records  are  available  concerning  insect  migration 
into  the  Twin  Falls  district,  but  records  from  1919  to  1928,  inclusive, 
are  available.  These  became  more  accurate  as  workers  in  the  beet- 
sugar  industry  became  more  familiar  with  the  problem.  The  type 
winter  complexes  are  discussed  in  detail  under  ''Prediction  of  out- 
breaks"; it  is  sufficient  to  say  here  that  there  is  a  fairly  clear  though 
empirical  relationship  to  be  found  between  certain  winters  and  leaf- 
hopper  outbreaks  during  the  succeeding  year.  The  only  environ- 
mental data  available  in  this  connection  up  to  the  winter  of  1925-26 
are  those  from  Weather  Bureau  records.  Data  on  the  spring  com- 
plex are  available  for  the  years  1926,  1927,  and  1928,  in  greatest 
detail  for  1927  and  1928.  These  three  seasons  illustrate  the  use  of 
the  concept  excellently.  The  season  of  1926,  a  most  disastrous  year 
from  the  standpoint  of  outbreaks  of  E.  tenellus,  was  character- 
ized by  an  extremely  mild  winter  preceding  a  very  early  opening  up 
of  spring,  high  temperatures,  wind,  and  subnormal  precipitation. 
Associated  with  this  combination  was  the  earliest  first  generation  and 
migration  of  the  leaf  hopper  on  record  for  this  area,  also  the  dis- 
ruption of  the  host-plant  succession  during  the  summer  and  the 
practical  elimination  of  the  desert  as  a  breeditig  ground  for  the  insect 
except  in  favored  places.  The  season  of  1927  differed  materially  as 
far  as  temperature,  winds,  and  precipitation  wxre  concerned.  The 
host-plant  succession  was  very  favorable  for  the  insect.  The  factor 
of  competition  was  suggested  by  the  presence  of  enormous  numbers  of 
Plutella  maculipennis,  the  only  occurrence  of  this  insect  in  the  four 
seasons  of  observation.     The  behavior  of  the  insect  in  this  season 
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forced  the  consideration  of  migration  as  being  normally  associated 
with  the  development  and  behavior  of  the  spring  generation,  but  no 
conclusions  can  be  reached  on  this  point  until  the  evidence  of  suc- 
ceeding complexes  is  available.  The  development  of  the  spring  brood 
should  be  a  subject  amenable  to  measurement  on  the  basis,  for 
example,  of  accumulated  temperatures,  so  that  if  the  migration  is 
only  a  matter  of  the  development  of  the  spring  brood,  temperature 
accumulations  for  the  period  prior  to  the  migrations  of  1926  and  1927 
should  be  approximately  equal.  Reference  to  Table  4  will  show 
that  such  is  not  the  case. 

The  relation  of  migration  to  the  complex  was  even  more  obscure  in 
1928.  Table  7  lists  temperature  and  other  external  factors  in  com- 
paring 1927  with  1928,  while  Table  40  compares  soil  moisture  and 
other  data  for  one  of  the  desert  observation  stations.  There  is 
nothing  in  Table  7  to  suggest  the  movement  of  E.  tenellus  into  the 
beet  fields  which  was  first  observed  on  May  6,  1928.  The  data  in 
Table  40  are  more  suggestive,  since  they  indicate  that  certain  host- 
plant  conditions  were  undoubtedly  unfavorable.  The  host  plants  in 
1928  were  a  month  ahead  of  those  of  1927.  A  period  of  cool  weather 
in  April  reduced  the  lead  somewhat,  but  by  comparing  conditions 
the  second  week  in  May  it  is  seen  that  the  host  plants  of  1928  were 
fully  a  month  ahead  of  those  of  1927.  Not  only  was  this  true,  but 
in  many  places  at  this  time  in  1928  Sisymbrium  altissimum  was 
almost  eliminated  and  Sophia  sophia  was  suffering  from  drought. 
The  uneven  condition  of  the  desert  vegetation  was  most  pronounced 
and  extremely  local  in  character.  The  steady  dribbling  movement 
of  the  insect  into  the  beet  fields  associated  with  such  a  condition  is  of 
possible  value  in  interpreting  migration  stimuli.  As  a  matter  of  fact, 
difficult  as  is  the  interpretation  of  the  migration  of  E.  tenelltis,  the 
concept  of  the  environmental  complex  has  been  most  useful  in 
approaching  the  problem.  Carsner  (4)  uses  essentially  this  concept 
in  questioning  the  factor  of  periodicity. 
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The  diagrams  of  the  desert  observation  stations  (fig.  12)  are  also 
a  valuable  record  for  comparative  purposes.  By  the  third  week  in 
May,  1928,  it  was  evident  that  host-plant  areas  were  materially 
changed.  Not  a  single  specimen  of  Sophia  Jilipes  could  be  found 
at  the  Castleford  station.  S.  altissimum  was  very  much  reduced, 
while  S.  Sophia  was  normal  over  only  a  fraction  of  the  previous 
year's  area.  Since  insect  populations  over  a  gross  area  are  the 
product  of  the  populations  per  unit  area  and  the  number  of  unit 
areas  available,  some  such  method  of  comparing  host-plant  areas 
will  materially  assist  in  the  evaluation  of  this  factor  in  the  complex. 

The  data  in  Table  40  were  of  great  practical  value  in  the  spring 
of  1928.  A  number  of  farmers  who  had  planted  small  acreages  of 
beets  with  the  expectancy  of  possibly  planting  other  crops  were 
faced  with  the  necessity  of  making  a  decision  as  to  thinning  before 
the  migration  of  E.  tenellus  took  place.  The  data,  illustrating  as 
they  did  the  premature  aging  of  the  desert  host  plants,  the  necessity 
for  very  heavy  precipitation  if  the  desert  soil  moisture  was  to  be 
brought  to  a  favorable  point,  and  the  increase  of  accumulated  tem- 
peratures over  those  of  1927,  were  made  available.  This  informa- 
tion, with  the  added  fact  that  leaf-hopper  populations  were  very 
large,  did  much  to  prevent  cash  outlays  on  beet  acreage  which  was 
foredoomed  to  failure. 

SUMMARY  AND  CONCLUSIONS 

Eutettix  tenellus  Baker  is  a  serious  pest  of  sugar  beets  and  other 
truck  crops  in  the  intermountain  region  of  the  Western  States. 
Since  the  problem  presented  by  the  insect's  activities  can  not  be 
met  by  the  standard  entomological  methods,  it  has  been  approached 
from  the  standpoint  of  quantitative  ecology.  A  large  permanent 
breeding  ground  in  southern  Idaho  has  been  the  locale  of  the  study. 

The  physical  factors  measured  and  considered  are  solar  radiation, 
humidity,  temperature,  evaporation,  wind  movement,  and  precipita- 
tion. Soil  moisture  is  recognized  as  an  important  summary  of 
factors. 

Intraenvironmental  differences  in  temperature  are  shown  to  be  a 
feature  of  the  environment.  In  winter  the  soil-surface  maxima 
often  rise  to  points  permitting  activity  for  the  insect.  Increments 
of  such  maxima  permit  the  insect  to  develop  its  eggs  during  the 
winter.  Minima  during  the  winter  on  the  soil  surface  did  not 
reach  lethal  temperatures  as  determined  by  laboratory  experiments. 
The  soil  surface  is  highly  protected  against  extremes  of  temperature 
during  the  winter.  The  greatest  range  of  temperature  encountered 
occurs  at  the  6-inch  level  above  gi'ound,  so  that  during  periods 
of  low  winter  air  temperatures  very  great  differences  exist  m  a  very 
short  vertical  range. 

During  the  summer  season  the  heat  absorption  by  the  soil  and  the 
gradual  establishment  of  optimum  temperatures  through  the  vertical 
range  of  the  environment  are  significant.  The  disestablishment  of 
the  optima  in  the  fall  governs  in  large  measure  the  size  of  the  third 
brood  of  E.  tenellus.  The  optimum  environment  from  the  stand- 
point of  physical  factors  appears  to  be  found  in  a  stand  of  Russian 
thistle  (Salsola  pesiijer)  in  sparse  growth.  This  optimum  is  only 
approached  in  a  beet  field  if  the  stand  is  poor  or  the  beets  are  suffering 
from  curly  top. 
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Data  are  presented  showing  the  effects  of  constant,  alternating, 
and  fluctuating  temperatures.  Constant-temperature  studies  indi- 
cate the  temperature  range  within  which  the  rate-of-development 
curve  is  a  straight  line,  but  the  data  are  difficult  of  interpretation 
in  terms  of  actual  environments  encountered.  Climate-simulation 
experiments  offer  the  best  approach  to  the  problem  of  evaluating 
temperature  effects. 

The  effects  of  light,  humidity,  and  wind  movement  are  discussed. 
A  relationship  seems  to  exist  between  intensity  of  light  and  photo- 
tropism;  and  light  appears  to  have  some  effect  on  the  preoviposition 
period  of  the  insect.  Humidities  approaching  saturation  are  fatal 
if  maintained  for  a  long  time,  but  such  humidities  have  never  been 
encountered  in  the  breeding  ground  studied.  The  insect  is  unaf- 
fected by  wind,  unless  disturbed. 

Relations  between  insect  and  host  plants  were  studied  as  sources 
of  information  on  cause  of  migration,  factors  affecting  abundance, 
and  the  possible  cyclic  nature  of  abundance.  Introduced  hosts  on 
abandoned  lands  are  responsible  for  the  present  economic  situation. 

Cell-sap  concentration  and  maturity  are  two  factors  considered  as 
measures  of  a  plant's  reaction  to  the  environmental  complex  and  the 
insect's  reaction  to  the  plant.  Between  plant  species  of  the  same 
xerophytic  habit  and  growth  form,  cell-sap  concentration  appears  to 
be  a  factor  of  importance.  Both  factors  are  important  phytometri- 
cally  in  comparing  one  season  with  another. 

Perennial  host  plants  probably  maintained  the  insect  before  the 
advent  of  introduced  hosts.  They  are  unimportant  from  the  stand- 
point of  economic  populations  but  serve  on  occasion  as  important 
stages  in  the  host-plant  succession.  Grease  wood  (Sarcobatus  ver- 
miculatus  Torr.)  is  a  favorable  host  from  the  standpoint  of  the  meas- 
ured factors,  but  balance  has  probably  been  struck  between  E. 
tenellus  and  its  competitors  so  that  predominance  of  E.  tenellus  is 
prevented  on  this  host. 

A  succession  of  host  plants  is  normally  provided,  including  the 
mustards  (Sophia  sophia,  S.  Jilipes,  and  Sisymbrium  altissimum)^ 
Atriplex  rosea,  and  Salsola  pestifer,  together  with  occasional  hosts 
such  as  Solanum  triflorum.  S.  pestifer  is  the  most  important  late 
summer  and  fall  host.  The  presence  or  absence  of  this  plant  deter- 
mines in  large  measure  the  distribution  and  size  of  the  populations 
of  E.  tenellus  entering  hibernation.  The  mustards  are  important 
spring  hosts,  since  it  is  from  these  that  the  migrations  take  place  in 
the  area  studied.  Quantitative  data  from  desert  observation  stations 
in  1926  and  1927  indicate  relationships  between  host  plants  (matur- 
ity and  cell-sap  concentration),  soil  moisture,  and  populations  of  E. 
tenellus.  Migration  in  the  area  studied  is  largely  governed  by  host- 
plant  relationships.  It  is  probable  that  normally  the  insect  does 
not  migrate  from  S.  pestifer.  A  migratory  instinct  must  be  con- 
sidered but  is  difficult  to  separate  from  considerations  of  host-plant 
conditions.  Competition  is  suggested  as  a  possible  factor  in  migra- 
tion; it  probably  acts  by  conditioning  the  suitability  of  the  host  plants. 

The  insect  community  at  any  given  time  presents  a  summarized 
effect  of  a  large  number  of  factors;  the  insect  community  is  conceived 
of  as  an  entity.  Specific  predominance  is  evidence  of  a  favorable 
environment  for  the  species.  Changes  in  predominance  correlated 
with  measurements  of  the  environmental  factors  will  assist  materially 
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in  evaluating  effects  of  climate  and  weather.  The  species  of  mustard 
furnish  opportunity  for  predominance  of  leaf-eating  forms  early  in 
the  spring.  Later  E.  tenellus,  having  capacity  to  use  environments 
beyond  the  limits  of  tolerance  of  other  species,  succeeds  to  a  predom- 
inance which  often  amounts  to  numbers  greater  than  all  other  species 
combined. 

E.  tenellus  does  not  undergo  true  hibernation.  Hibernation  cages 
must  contain  suitable  food  or  the  insect  will  perish  from  starvation 
during  the  winter.  Recovery  from  hibernation  cages  following  the 
winter  of  1927-28  was  much  greater  than  it  was  following  the  winter 
of  1926-27.  This  difference  in  recovery  can  not  be  explained  on  the 
basis  of  either  intensity  or  cumulative  effect  of  low  temperatures. 
The  more  frequent  the  occurrence  of  temperatures  below  zero  Fahren- 
heit, the  greater  the  reduction  in  overwintering  populations.  Late 
fall  food  appears  to  be  of  some  importance.  Exposure  to  contact 
moisture  appears  to  lessen  the  insect *s  resistance. 

Prediction  of  leaf-hopper  outbreaks  has  been  attempted  for  the 
Twin  Falls  district,  contiguous  to  permanent  breeding  grounds. 
The  beet-growing  area  from  Declo,  Idaho,  to  Buhl,  Idaho,  is  such  an 
area.  Yield  records  indicate  the  years  of  very  severe  damage,  those 
of  moderate  to  severe  damage,  and  those  of  little  damage.  Indi- 
vidual-grower records  indicate  that  certain  growers  rarely  sustain 
cash  losses  but  that  even  in  the  years  of  highest  average  yields  some 
losses  are  sustained. 

Economic  factors  determine  what  is  the  lowest  average  yield 
which  must  be  obtained  if  the  beet  crop  is  to  maintain  itself  against 
competition  with  other  crops.  This  minimum  average  yield  varies 
considerably  in  the  districts  included  in  the  area  under  consideration. 
A  basis  for  prediction  as  to  probable  population  and  migration  of  the 
insect  was  arrived  at  by  analysis  of  the  insect's  desert  environment 
and  a  study  of  the  past  records.  The  types  of  season  with  their  typical 
environmental  complexes  associated  with  years  of  heavy  or  light 
leaf-hopper  injury  have  been  recognized.  Records  for  all  the  winter 
seasons  from  that  of  1918-19  to  that  of  1927-28,  inclusive,  are 
presented  in  chart  form  and  discussed.  The  predictions  issued  in  1927 
and  1928  contained  a  presentation  of  summarized  data,  so  that  far- 
mers in  the  area  had  the  information  available  and  could  make  their 
own  decisions. 

Prior  to  1927  the  highest  acreages  had  nearly  always  been  contracted 
for  in  the  years  of  greatest  damage.  The  acreages  following  a  severe 
outbreak  had  always  been  much  reduced.  The  prediction  service 
has  already  done  much  to  reverse  these  trends  in  the  area  under 
observation.  Prediction  of  time  of  migration  would  be  of  material 
assistance  to  growers  of  other  truck  crops  affected  by  the  curly-top 
virus. 

The  probable  economic  distribution  of  E.  tenellus  has  been  worked 
out  on  the  basis  of  a  study  of  the  insect  in  Idaho  through  an  area  where 
conditions  for  the  insect  vary  from  optimum  to  limiting. 

The  concept  of  the  environmental  complex  offers  a  method  of 
approach  to  problems  in  entomology.  The  method  involves  quanti- 
tative measurements  of  environmental  factors,  physical  and  biotic, 
and  the  evaluation  of  the  effects  of  a  complex  through  comparison 
with  previous  complexes  for  which  data  are  available. 
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The  optimum  environment  for  Eutettix  tenellus  Baker  with  respect 
to  physical  factors  is  found  in  a  sparsely  growing  stand  of  Russian 
thistle  {Salsola  pestifer). 

The  seasonal  development  of  the  host  plants  governs  the  migration 
of  the  insect  in  southern  Idaho. 

Host-plant  succession  throughout  the  season  is  essential  if  a  true 
permanent  breeding  ground  is  to  be  maintained. 

Severe  winters  are  followed  by  reduced  populations  of  E.  tenellus 
and  consequently  good  yields  of  sugar  beets  in  southern  Idaho. 

The  insect  has  probably  reached  the  limits  of  its  economic  distribu- 
tion, although  occasional  occurrences  of  the  insect  or  of  curly-top 
virus  may  be  expected  in  areas  far  removed  from  its  normal  range. 
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INTRODUCTION 


Experiments  with  fungicides  for  the  control  of  covered  smut  of 
barley,  caused  by  Ustilago  hordei  (Pers.)  K.  and  S.,  previously  re- 
ported {14,  31,  32),^  have  been  continued  during  the  last  four  crop 
years  (1925-1929).  During  this  time  there  has  been  a  general 
tendency  to  abandon  the  Hquid  seed  treatments  for  small  grains  in 
favor  of  the  more  easily  applied  dust  fungicides.  This  is  true  es- 
pecially in  regard  to  seed  treatments  for  the  prevention  of  stinking 
smut  (bunt)  in  wheat.  The  well-known  formaldehyde  and  copper- 
sulphate  seed  treatments  for  this  disease  have  been  supplanted  in 
this  country,  to  a  great  extent,  by  copper  carbonate,  and  in  Europe 
by  various  proprietary  dust  fungicides. 

Covered  smut  of  barley,  however,  is  not  so  easily  controlled  as  is 
stinking  smut  of  wheat,  because  the  barley  smut  spores  apparently 
are  borne  on  the  inside,  as  well  as  on  the  surface  of  the  glumes.  There- 
fore, most  investigators  still  recommend  only  Uquid  treatments  for  the 
control  of  this  disease. 

In  this  country  very  few  workers  have  reported  any  great  degree  of 
success  in  controlling  covered  smut  of  barley  with  dust  fungicides, 
but  a  number  have  obtained  excellent  control  in  some  varieties  with 
liquid  treatments  other  than  the  commonly  used  formaldehyde. 
In  1923  Tisdale  et  al.  (34)  reported  that  a  0.3  per  cent  solution  of 
chlorophol,  an  organic  mercury  compound,  proved  superior  to  form- 
aldehyde, not  only  in  controlling  covered  smut,  but  in  its  effect  on 
germination,  stand,  and  yield  of  graiu.     Later  Tisdale  et  al.    (35) 

» Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  20. 
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reported  similar  results  with  solutions  of  Uspulun,  Semesan,  Germi- 
san,  and  Corona  620.  The  writer  (i^)  in  1926  showed  that  0.3 
per  cent  solutions  of  Germisan,  Uspulun,  and  Semesan  and  a  1 :  320 
solution  of  37  per  cent  formaldehyde  controlled  covered  smut,  but 
that  the  formaldehyde  impaired  seed  germination.  Neill  {,26)  in 
New  Zealand  found  that  0.25  per  cent  solutions  of  Semesan  and 
Uspulun,  as  well  as  Semesan  and  copper  carbonate  dusts,  failed  to 
control  covered  smut  of  barley  satislactorily.  Lambert  et  al.  {12) ^ 
Conners  (5),  SherbakofF  {SI),  and  others  in  the  United  States  have 
recommended  formaldehyde  as  the  most  logical  treatment  for  the 
control  of  covered  smut  of  barley.  Tisdale  and  Cannon  {SS)  found 
Ceresan,  an  ethyl  mercury  chloride  compound,  satisfactory  in  con- 
trolling this  disease.  Porter,  Yu,  and  Chen  {21),  in  experiments 
with  hulless  barley  in  China,  controlled  covered  smut  to  a  fair  degree 
with  copper  carbonate,  Hochst,  and  Uspulun  dust. 

A  general  perusal  of  literature  on  seed  treatment  seems  to  show  that 
in  Europe  the  control  of  covered  smut  of  barley  has  not  received  as 
much  attention  as  the  control  of  other  cereal  diseases.  This  may  be 
due  to  the  fact  that,  on  the  whole,  it  does  not  occur  there  to  any 
serious  extent  {1,S).  Lindfors  in  Sweden  {20,  21,  22)  used  fungicidal 
dusts  in  experiments  for  the  control  of  other  cereal  diseases,  but  for 
combating  covered  smut  of  barley  he  recommended  0.25  per  cent 
solutions  of  Germisan  and  Uspulun.  Molz  {25)  in  Germany  obtained 
complete  control  of  this  disease  with  a  0.25  per  cent  Germisan  solution 
and  also  with  the  two  dusts,  Abavit  B  and  Agfa  331.  Rump  {28), 
in  the  same  country,  combated  the  disease  successfully  with  0.5  per 
cent  Uspulun,  0.25  per  cent  Germisan,  and  0.2  per  cent  Tillantin 
solutions  and  with  the  dust  Sch  614.^^  The  majority  of  investigators 
have  found  solutions  of  the  common  organic  mercury  fungicides 
satisfactory  for  the  control  of  covered  smut  of  barley.  Differences 
in  results  reported  by  different  workers  may  be  attributed  to  causes 
enumerated  in  a  previous  paper  {18). 

EXPERIMENTS  IN  1925-26 

Experiments  on  the  control  of  covered  smut  of  barley  during  the 
1925-26  season  were  limited  to  a  few  liquid  fungicides,  some  of  which 
had  proved  effective  in  previous  years,  and  to  preliminary  trials  with 
a  few  dust  treatments. 

UQUID  TREATMENTS 

Seed  of  Tennessee  Winter  barley  from  the  1924  and  1925  crops 
was  used  in  these  experiments,  'fhis  seed,  known  to  be  naturally 
infested  with  covered  smut,  was  also  dusted  with  spores  of  this  smut 
collected  from  the  same  variety  of  barley  in  1925,  The  various  liquid 
treatments  were  prepared  in  earthenware  jars,  and  the  seed,  con- 
tained in  loose  cheesecloth  sacks,  was  immersed  in  these  solutions 
for  the  proper  length  of  time.  The  seed  was  then  allowed  to  drain 
and  later  was  spread  out  to  dry.  On  October  12,  1925,  it  was  sown 
in  rod  rows  replicated  10  times  for  each  treatment  at  the  Arlington 
Experiment  Farm,  Rosslyn,  Va.  The  soil  was  moist  at  the  time  of 
sowing,  and  0.5  of  an  inch  of  rain  fell  between  the  dates  of  sowing 
and  emergence.     The  weather  during  this  period  was  rather  cool, 

»  Later  called  HCchst  or  Tillantin  Trockenbeire. 
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the  mean  temperature  being  17°  C.  The  hydrogen-ion  concentration 
of  the  soil  was  pH  5.7.  The  seed  therefore  germinated  and  emerged 
in  a  cool,  wet  soil  of  acid  reaction,  which,  according  to  Faris  (5),  is 
the  ideal  environment  for  the  development  of  covered  smut  from 
infested  seed.  Yet  the  percentage  of  smut  in  the  untreated  controls 
was  rather  low,  namely,  from  2.4  to  6.7. 

Data  on  the  effect  of  the  treatments  on  germination  were  obtained 
in  the  field  by  sowing  1,000  seeds  from  each  seed  lot  in  four  rod  rows, 
250  seeds  per  row,  and  in  the  greenhouse  by  sowing  200  seeds  from 
each  lot  in  flats. 

Smut  data  were  taken  May  27,  1926,  by  counting  the  smutted 
heads  in  each  row  and  the  total  heads  in  a  number  of  representative 
rows  to  establish  a  basis  for  computing  the  approximate  percentages 
of  smut. 

The  data  on  germination  and  smut  control  are  presented  in  Table  1. 
With  the  exception  of  formaldehyde,  all  the  liquid  treatments  gave 
excellent  smut  control  without  reducing  the  percentages  of  germina- 
tion. The  failure  of  the  formaldehyde  to  control  covered  smut  sat- 
isfactorily was  due,  undoubtedly,  to  the  short  period  of  immersion, 
as  an  hour's  immersion  invariably  results  in  control.  The  value  of 
the  results,  however,  is  decreased  by  the  low  percentage  of  smut  in 
the  controls  and  by  the  fact  that  only  one  variety  of  barley  was  used. 
As  previously  reported  (14),  soaking  untreated  seed  in  water  greatly 
increased  the  percentage  of  smut. 

Table  1. — Effect  of  liquid  fungicides  on  germination  of  seed  and  on  covered  smut 
in  Tennessee  Winter  barley  sown  in  rod  rows  replicated  10  times  for  each  treat- 
ment at  Arlington  Experiment  Farm,  Rosslyn,  Va.,  1925-26 


Concen- 
tration 

Period  of 
treatment 

Germination 

Smutte 

Seed-treatment  compound 

Field 

Green- 
house 

d  heads 

Untreated 

Per  cent 

Hours 

Per  cent 
73 

88 
87 
81 
87 
88 
77 
69 
67 
79 
83 
83 

Per  cent 
77 
91 
87 
87 
92 
90 
87 
85 
80 
88 
86 
92 

Number 

169 

0 

3 

366 

0 

0 

180 

111 

89 

472 

0 

0 

Per  cent 
2.4 

Uspulun.- .  _ 

0.5 
,5 

1 
1 
1 
1 
1 

0 

Semesan . 

04 

Water . 

5.2 

Bayer  compound 

'.5 
.25 

0 

Germisan  ..  .  _     .         

0 

Untreated 

2.6 

Formaldehyde 

.12 
.12 

1 

1 
1 

1  6 

Do .. 

1.3 

Water... 

6.7 

Corona  620 

.25 
.2p 

0 

Tillantin  C 

0 

DUST  TREATMENTS 


Experiments  with  fungicidal  dusts  were  very  limited,  only  six  dusts 
being  given  a  preliminary  trial  and  only  two  rod  rows  devoted  to  each. 
The  results  are  shown  in  Table  2.  Four  of  these  dusts  eliminated 
the  smut  completely,  one  reduced  it  to  a  mere  trace,  while  one  had 
no  apparent  effect  upon  it.  However,  here  again  the  percentage  of 
smut  in  the  controls  was  too  low  and  the  number  of  replications  were 
too  few  to  make  the  results  very  significant. 
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Table  2. — Effect  of  fungicidal  dusts  on  covered  smut  in  Tennessee  Winter  barley 
sown  in  paired  rod  rows  at  Arlington  Experiment  Farm,  Rosslyn,  Va.,  October 
12,  1926 


Fungicidal  dust 


Number  of  smutted  heads  in- 

Row  1 

Row  2 

Total 

24 

24 

48 

0 

0 

0 

0 

0 

0 

20 

43 

63 

3 

1 

4 

0 

0 

0 

25 

11 

36 

0 

0 

0 

17 

13 

30 

16 

37 

63 

Percent- 
age of 
smut 


Untreated 

S.  F.  A.  No.  225 

S.  F.  A.  No.  225-V-. 

Untreated 

8.  F.  A.  A-Z-III.... 
Dupont  No.  13-U..- 

Untreated 

Dupont  No.  13-U-A 

Dupont  No.  37 

Untreated 


3.4 

0 

0 

4.5 
.28 
0 

2.5 
0 

2.1 
3.8 


EXPERIMENTS  IN  1926-27 

In  the  spring  of  1926  excellent  results  in  the  control  of  barley  stripe 
disease  with  fungicidal  dusts  were  obtained  at  the  Ariington  Experi- 
ment Farm  and  at  Madison,  Wis.  {19).  In  view  of  these  results, 
together  with  the  rather  limited  data  obtained  that  same  reason  on 
the  efficacy  of  fungicidal  dusts  for  the  control  of  covered  smut  of 
bariey  (Table  2),  it  seemed  advisable  to  carry  out  more  extensive 
experiments  with  such  dusts  during  the  1926-27  season. 

As  stated  in  a  previous  paper  {19),  it  was  thought  that  soil  con- 
ditions, as  well  as  severity  of  infection,  might  affect  the  fungicidal 
action  of  these  dusts.  Accordingly,  the  fact  to  be  determined  was 
whether  a  dust  that  gives  satisfactory  control  of  a  seed-borne  disease 
when  conditions  for  its  development  are  unfavorable,  would  give 
equally  good  results  if  the  most  favorable  conditions  for  the  develop- 
ment of  the  disease  prevailed. 

Faris  {5)  states  that  a  cold  (10°-20°  C),  moist  soil  of  acid  reaction 
favors  covere4-smut  development.  Rump  {28)  reports  that  an  alkali 
soil  stimulates  fungus  development,  that  acid  soil  is  injurious  to  it, 
and  that  a  soil-moisture  content  of  20  per  cent  is  the  optimum  for 
development  of  covered  smut.  Schaffnit  {29)  states  that  a  soil  rich 
in  organic  matter  and  carbonic  acid  favors  covered-smut  infection. 

In  conducting  experiments  with  dust  treatments  for  the  control  of 
covered  smut  of  barley  during  the  1926-27  season,  an  attempt  was 
made  to  vary  the  conditions  of  soil  moisture  and  soil  reaction  as  much 
as  could  be  done  conveniently  on  a  large  scale  in  the  field. 

A  half  acre  of  soil  was  laid  out  in  Ko-acre  plots,  16^^  by  132  feet. 
The  soil  was  tested  by  R.  R.  Reid  of  the  Office  of  Soil  Fertility,  then 
of  the  Bureau  of  Plant  Industry,  using  the  Veitch  method,  and  its 
lime  requirement  was  found  to  be  about  2,000  pounds  of  air-slaked 
lime  per  acre.  To  produce  an  alkaline  condition  in  three  of  these 
Ko-acre  plots,  lime  was  added  at  one  and  one-half  times  the  rate 
recommended  for  soil-acidity  correction.  The  soil  acidity  in  three 
other  )^o-acre  plots  was  accentuated  by  the  addition  of  ammonium 
sulphate  at  the  rate  of  200  pounds  per  acre.  The  lime  and  ammonium 
sulphate  were  disked  thoroughly  into  the  soil.  Three  other  plots, 
each  one  between  a  limed  and  an  acidified  plot,  were  left  untreated. 
A  few  weeks  after  the  application  of  lime  and  ammonium  sulphate, 
and  shortly  after  the  seed  had  been  sown,  the  pH  value  of  the  soil 
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was  found  to  be  as  follows:  Limed  soil,  7.74;  untreated  soil,  5.69; 
acidified  soil,  5.15. 

In  the  first  three  plots  an  attempt  was  made  to  vary  the  soil- 
moisture  conditions  between  the  dates  of  sowing  and  emergence  by 
excluding  the  rain  from  half  of  each  plot  by  means  of  temporary 
shelters  of  corrugated  metal,  which  were  removed  the  day  after  the 
plants  emerged.  However,  this  attempt  at  moisture  variation  was 
rendered  rather  futile  by  the  very  slight  rainfall  during  this  period. 

The  seed  used  was  Tennessee  Winter  barley  grown  at  the  Arlington 
Experiment  Farm  in  1926,  a  variety  rather  susceptible  to  covered 
smut.  In  addition  to  its  natural  infection  the  seed  was  heavily  dusted 
with  smut  spores  collected  from  this  same  variety  of  barley  in  the 
summer  of  1926. 

The  following  fungicidal  dusts  were  used:  Abavit  B,  S.  F.  A.  No. 
225-V,  Bayer  No.  2,  Semesan,  Dupont  No.  12,  Wa  Wa,  S.  F.  A. 
No.  225,  S.  I.  220,  Semesan  Jr.,  Dupont  No.  45,  Bayer  Dust,  and 
Mercury  C. 

Only  the  first  6  fungicidal  dusts  were  used  in  the  three  plots  in- 
volving soil-moisture  differences,  while  all  12  dusts  were  included  in 
the  other  six  plots. 

The  dusts  were  applied  to  the  smutted  barley  September  17,  1927, 
at  the  rate  of  4  ounces  per  bushel,  in  flat  tightly  covered  cans.  Each 
can  was  provided  with  a  projecting  baffle  on  the  inside  so  that,  as  the 
cans  were  slowly  revolved  in  the  motor-driven  contrivance  illustrated 
in  Figure  1,  the  seed  was  thoroughly  dusted  in  a  manner  very  similar 
to  that  resulting  from  the  proper  use  of  the  common  barrel  type  of 
duster.  The  dusting  was  continued  for  30  minutes  so  that  there  would 
be  a  thorough  coating  of  the  seed.  The  smutted  untreated  controls 
were  likewise  mixed  in  the  duster  so  that  any  effect  due  to  the  mixing 
process  would  not  be  confined  to  the  treated  seed  only,  as  has  been 
suggested  by  Schander  et  al.  (30). 

In  the  three  plots  involving  soil-moisture  variation  the  seed  was 
sown  October  13  in  12-foot  rows  at  the  rate  of  10  grams  per  row.  In 
the  remaining  six  plots  the  seed  was  sown  October  16  in  rod  rows  at 
the  rate  of  14  grams  per  row.  A  record  of  the  rainfall  and  of  the 
maximum,  minimum,  and  mean  daily  soil  temperatures  from  the 
time  of  sowing  to  the  time  of  emergence  is  shown  in  Table  3.  In  the 
first  three  plots  the  covered  soil  was  slightly  warmer  than  the  exposed 
soil,  but  hardly  enough,  it  is  thought,  to  influence  the  results  appre- 
ciably. The  water-holding  capacity  of  the  soil  was  found  to  be  40 
per  cent.  A  soil-moisture  determination  made  the  day  after  the 
first  three  plots  were  sown  showed  a  moisture  content  of  about  50  per 
cent  of  saturation.  Only  0.39  of  an  inch  of  rain  fell  on  the  exposed 
plots  between  the  dates  of  sowing  and  emergence.  After  the  covers 
had  been  removed  a  soil-moisture  determination  showed  that  the  soil 
in  the  covered  section  (a)  was  35  to  40  per  cent  saturated,  while 
the  soil  in  the  exposed  section  (b)  was  50  to  60  per  cent  saturated. 
It  is  doubtful  whether  this  slight  difference  in  soil-moisture  conditions 
was  sufficient  to  affect  the  results  greatly,  especially  as  this  difference 
did  not  prevail  throughout  the  entire  period  from  sowing  to  emergence. 
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Table  3. — Rainfall  and  soil  temperatures  from  sowing  to  emergence  in  experiments 
for  control  of  covered  smut  in  Tennessee  Winter  barley  at  Arlington  Experiment 
Farm,  Rosslyn,  Va.,  October,  1926 


Rain- 
faU 

Soil  temperature 

Date 

Covered  soil 

Exposed  soli 

Maxi- 
mum 

Mini- 
mum 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

1926 
Oct.  1 

Inches 
0.33 
1.03 

"C. 

°C. 

°  C 

°C. 

»C. 

"C. 

Oct.  6. 

Oct.  13  » - 

18 
18 
16 
13 
13 
13 
13 
11 
11 
13 
12 

17 
14 
12 
10 
10 
9 
10 
10 
8 
7 
7 

17.1 
15.8 
13.8 
12 

12.1 
10.4 
11 

10.7 
9.3 
9.2 
9.3 

16 
16 
15 
13 
13 
10 
14 
11 
10 
11 
12 
14 
14 

15 
13 

11 

.? 

8 
9 
8 
6 
6 
7 
9 
12 

15.5 

Oct.  14     - 

.09 

13  9 

Oct.  16. 

12.5 

Oct  16*                                           .       - 

11  3 

Oct.  17     

12 

Oct.  18 - -- 

9.5 

Oct.  19  » 

10  5 

Oct.  20     -            ---             - 

.12 

.18 

9  5 

Oct.  21  * - 

7.9 

Oct.  22 

7.5 

Oct.  23     

9  3 

Oct.  24 

1.47 

11  3 

Oct.  25  « 

12.8 

1  Plots  1,  2,  and  3  sown. 

*  Plots  4  to  9  sown. 

3  Covered  series  emerged  (plots  1-a,  2- a,  and  3-a). 

<  Exposed  series  emerged  (plots  1-b,  2-b,  and  3-b). 

«  Plots  4  to  9  emerged. 

Infection  data  were  taken  May  25  and  26,  1927,  by  counting  the 
smutted  heads  in  all  the  rows  and  the  total  heads  in  all  the  control 
rows  grown  from  untreated  seed  and  in  representative  rows  grown 
from  treated  seed.  Winterkilling  caused  some  variation  in  the  stand 
in  different  replications,  especially  in  plots  7,  8,  and  9. 

The  infection  data  for  the  three  plots  sown  October  13  are  shown 
in  Table  4,  and  those  for  the  plots  sown  October  16  are  shown  in 
Table  5.  Table  4  shows  that,  among  the  six  dusts  used  in  the  first 
three  plots,  Wa  Wa,  Abavit  B,  and  Dupont  No.  12  were  outstanding 
in  their  control  of  covered  smut  of  barley,  allowing  only  4,  10,  and  12 
smutted  heads,  respectively,  in  48  rows,  while  2,695  smutted  heads 
appeared  in  an  equal  number  of  control  rows.  Semesan,  S.  F.  A. 
No.  225-V,  and  Bayer  No.  2  allowed  42,  53,  and  145  smutted  heads, 
respectively,  in  48  rows.  In  plots  4  to  9,  in  which  less  infection 
occurred  in  the  control  rows,  smut  was  eliminated  by  Dupont  No.  12 
and  Wa  Wa  and  was  more  greatly  reduced  by  the  other  four  dusts 
than  in  plots  1  to  3.  It  seems,  therefore,  that  the  smut  was  more 
easily  controlled  when  conditions  for  its  development  were  less 
favorable, 


SEED  TREATMENT  FOR  COVERED  SMUT  OF  BARLEY 


Table  4. — Covered  smut  in  Tennessee  Winter  barley  grown  at  Arlington  Experiment 
Farm,  Rosslyn,  Va.,  from  seed  untreated  or  treated  with  various  dust  fungicides 
and  sown  October  13,  1926,  in  12-foot  rows,  replicated  sixteen  times  for  each  dust  in 
each  of  three  plots  which  previously  had  been  limed,  acidified,  or  left  untreated,  half 
of  each  plot  (plots  1-a,  2-a,  and  3-a)  being  covered  at  sowing  time  to  exclude  rain  * 
until  after  emergence 


Soil  treat- 
ment 

Heads  of  covered  smut  from  seed- 

Total  smutted 
heads  from 
treated  seed 

Plot 
No. 

Untreated 

Treated  with— 

Num- 
ber 

Per 

cent 

Abavit 
B 

S.  F.  A. 
No. 

225-V 

Bayer 
No.  2 

Seme- 
san 

Dupont 
No.  12 

Wa  \Va 

Num- 
ber 

Per 

cent 

l-a 
2-a 
3-a 
1-b 
2-b 
3-b 

Limed 

Untreated.-.. 

Acidified 

Limed 

Untreated 

Acidified 

463 
489 
509 
416 
453 
365 

10.2 
9.5 

1} 

8.8 
6.3 

0 
0 
0 

I 

4 

26 
8 
0 
1 

11 
7 

58 
21 
20 

28 
17 
1 

13 
3 
4 
G 
4 

12 

10 
1 
0 
1 
0 
0 

4 
0 
0 
0 
0 
0 

111 
33 
24 
39 
35 
24 

0.41 
.11 
.07 
.13 
.12 
.07 

Total   'Jmnttftfl  hAoHsi 

2,695 

8.5 

10 
.04 

53 
.22 

145 
.60 

42 
.17 

12 
.05 

4 
.02 

Percei 
heac 

itage  of  smutted 
Is 

1  Only  0.39  of  an  inch  of  rain  fell  on  the  exposed  plots  from  the  time  of  sowing  to  emergence. 

Table  5. — Covered  smut  in  Tennessee  Winter  barley  grown  at  Arlington  Experiment 
Farm,  Rosslyn,  Va.,  from  seed  untreated  or  treated  with  various  fungicidal  dusts, 
and  sown  October  16,  1926,  in  rod  rows  replicated  eight  times  for  each  dust  in  each 
of  six  plots  that  previously  had  been  limed,  acidified,  or  left  untreated 


Fungicidal  dust 

Heads  of  covered  smut  in— 

Total  h 

snr 

eads  of 
ut 

Plot 

Plot  4 

(limed) 

Plot  5 
(un- 
treated) 

Plot  6 
(acidi- 
fied) 

Plot  7 
(Umed) 

Plots 
(un- 
treated) 

Plot  9 
(acidi- 
fied) 

No. 

Num- 
ber 

Per 

cent 

117 
1 
1 
4 
1 
0 
0 

179 
2 
0 
3 
2 
3 

201 
0 
3 
0 
4 
0 
0 

120 
0 
5 
5 

12 
0 

219 
0 
0 
4 
2 
0 
0 

249 
0 
3 
0 
4 
0 

146 
0 
0 
4 
0 
0 
0 

163 
3 
0 
0 
2 
0 

86 
0 
0 
2 
0 
0 
0 

81 
0 
0 

1 
1 

0 

92 
0 
0 
13 
0 
0 
0 
151 
7 
0 
0 
5 
0 

861 

1 

4 

27 

0 

0 

943 

12 
8 
9 

26 
3 

3.80 

1 

Abavit  B  ..         -._  . 

Trace. 

2 

S   F  A  No  225-V 

.02 

3 

B aver  No.  2 .  .. 

.12 

4 

Semesan 

.03 

5 

Dupont  No.  12 -     ... 

0 

6 

WaWa      - 

0 

Untreated 

4.20 

7 

S.  F.  A.  No.  225 

.05 

8 

Semesan  Jr  _ 

.04 

9 

Dupont  No  45  .- 

.04 

10 

Bayer  Dust    -- 

.11 

11 

Mercury  C                       

.01 

Total 
seed 

Percei 
trea 

smutted  heads  from  treated 

17 
0.04 

29 
0.07 

13 
0.03 

9 
0.02 

4 
0.01 

25 
0.06 

itage  of  smutted   heads  from 
ted  seed 

The  dusts  numbered  from  7  to  12  were  included  in  the  six  plots 
sown  October  16,  in  rod  rows  replicated  48  times  for  each  dust. 
Comparison  of  results  from  these  dusts  with  results  from  the  six 
dusts  mentioned  above  must  be  confined  to  the  data  obtained  from 
plots  4  to  9.  (Table  5.)  In  48  rows  Mercury  C  allowed  only  3 
smutted  heads,  while  Semesan  Jr.,  Dupont  No.  45,  S.  F.  A.  No.  225, 
and  Bayer  Dust  allowed,  respectively,  8,  9,  12,  and  26  heads,  com- 
pared with  943  smutted  heads  in  48  control  rows,  equivalent  to  an 
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average  of  4.2  per  cent.  S.  I.  220  showed  such  evident  failure  to 
control  smut  that  data  were  not  taken  on  rows  from  seed  treated 
with  this  compound. 

The  summarized  data  in  Table  6, indicate  that,  contrary  to  the 
results  of  Faris  (5),  acid  soil  did  not  favor  the  development  of  covered 


Figure  1.— Seed -treatment  device  for  applying  different  funtcicidal  dusts  to  small  lots  of  sc^'d.  In 
each  of  the  larger  flat  cans  shown  in  the  rotating  device  in  A,  enough  seed  may  be  treated  to  sow 
about  100  rod  rows.  Eleven  dusts  may  be  applied  in  one  operation.  In  each  of  the  smaller  cans 
shown  in  B,  seed  for  20  rod  rows  or  fewer  may  bo  treated,  with  ther.e  cans  24  treatments  may  1)6 
applied  in  one  operation.  In  repeating  the  treatments  on  different  seed  lots  the  same  can  is  used 
for  a  given  dust  in  each  case.    The  cans  are  cleaned  thoroughly  before  using  theni  for  other  dusts 

smut  as  compared  with  soil  having  an  alkaline  reaction.  The  average 
percentages  of  smutted  heads  from  untreated  seed  in  the  limed, 
untreated,  and  acidified  plots,  respectively,  were  6.8,  6.8,  and  5.7. 
However,  these  percentages  are  too  low  to  warrant  any  definite 
conclusions. 


SEED  TEEATMENT  FOR  COVERED  SMUT  OF  BARLEY 


9 


Table  6. — Summary  of  data  on  the  occurrence  and  control  of  covered  smut  in  Teri- 
nessee  Winter  barley  grown  from  treated  or  untreated  seed  under  slightly  different 
conditions  of  soil  moisture,  reaction,  and  temperature,  at  Arlington  Experiment 
Farm,  Rosslyn,  Va.,  1926-27,  together  with  a  record  of  the  mean  soil  temperature 
and  rainfall  between  dates  of  sowing  and  emergence,  plots  1-a,  2-a,  and  3-a 
being  covered  until  after  emergence 


Soil  treatment 

Date 
sown 

Date 
emerged 

Rain- 
fall 

Mean 
soil 
tem- 
pera- 
ture 

Smutted  heads  from  seed- 

Plot  No. 

Untreated 

Treated 

1-a  --    -- 

Oct.    12 
-.-do 

—  dO.-.- 

...do 

...do....- 

...do 

Oct.    16 
— do— - 

—do 

—do 

—  do— 
...do 

Oct.    19 
-do 

Inches 

°  C. 

13.2 
13.2 
13.2 
11.4 
11.4 
11.4 
10.2 
10.2 
10.2 
10.2 
10.2 
10.2 

Number 
463 
489 
509 
416 
453 
365 
345 
341 
468 
307 
167 
243 

Per  cerU 
10.2 
9.5 

a4 

8.4 
8.8 
&3 
4.5 
5.1 
4.9 
3.8 
3.5 
3.1 

Number 
111 
33 
24 
39 
35 
24 
17 
29 
13 
9 

Per  cent 
0.41 

2-a 

Untreated 

Acidified 

Limed 

Untreated 

Acidified 

21 

3-a 

1-b 

2-b 

3-b 

4 

..-dO-..- 

Oct.   21 

—do 

—do 

Oct.    25 
— do— - 

...do 

— do— - 

...do 

-.-do— - 

'0.39' 
.39 
.39 
1.77 
.     1.77 
1.77 
1.77 
1.77 
1.77 

.07 
.13 
.12 
.07 
.04 

5 

Untreated 

Acidified... 

Limed 

Untreated 

Acidified 

07 

6 

.03 

7..- 

.02 

8 

01 

9 

.06 

Soil  reaction  did  not  seem  to  have  any  pronounced  or  consistent 
effect  on  the  fungicidal  efficiency  of  the  dusts  used.  Although  the 
percentage  of  smutted  heads  from  treated  seed  in  plot  1-a  was  several 
times  as  great  as  that  from  treated  seed  in  any  other  plot,  the  per- 
centage of  smutted  heads  from  treated  seed  in  the  other  Umed  plots 
was  not  significantly  greater  than  in  the  corresponding  untreated  or 
acidified  plots.  Therefore  it  seems  evident  that  the  apparent  reduc- 
tion in  the  fungicidal  efficiency  of  five  of  the  dusts  in  plot  1-a,  as 
shown  in  Table  4,  was  not  on  account  of  soil  reaction  but  of  some 
unknown  factors. 

A  number  of  other  dusts  of  more  or  less  unknown  merit  also  were 
used  in  a  preliminary  series.  The  results  obtained  are  shown  in 
Table  7.  Standard  Hquid  treatments  were  used  for  comparison. 
VitrioHne,  Karasch  A,  and  Dupont  dusts  Nos,  35,  53,  and  64  seemed 
to  control  the  smut  fairly  well  and  without  seed  injury.  Resorcin, 
which  was  combined  chemically  with  crystal  violet  dye,  proved 
worthless  as  a  smut  fungicide.  Various  dusts  based  on  inorganic 
mercuric  salts  proved  unsatisfactory  either  because  of  injury  to  the 
seed  or  failure  to  control  smut.  Solutions  of  Uspulun  (0.5  per  cent), 
Semesan  (0.5  per  cent),  and  Germisan  (0.25  per  cent)  proved  satis- 
factory as  usual,  as  also  did  formaldehyde, 
121056°— 30 2 
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Table  7. — Results  from  preliminary  experiments  with  a  number  of  fungicidal  dusts 
for  controlling  covered  smut  in  Tennessee  Winter  barley  at  Arlington  Experiment 
Farm,  1926-27,  together  with  results  from  four  standard  liquid  treatments  for 
comparison 


Seed-treatment  com- 
pound 


Untreated 

Cuprobol. 

Vitrioline 

Karasch  A 

Resorcin 

Resorcin,  one-half,  and 
CuCo3,  one-half 

Resorcin,  one-third,  and 
CuCo3,  two-thirds 

Untreated 

Resorcin,  one-third,  and 
dextrin,  two-thirds 

Mercurous  chloride,  one- 
half,  and  CuCos,  one- 
half 

Mercuric  chloride,  one- 
half,  i  and  CuCo3,  one- 
half , 

Dupont  No.  50  ' — . 

Dupont  No.  67 

Dupont  No.  68 


Smutted  heads  in- 

Row  1 

Row  2 

Total 

32 

40 

72 

36 

30 

66 

4 

1 

5 

6 

1 

7 

19 

22 

41 

25 

20 

45 

26 

28 

54 

46 

30 

76 

25 

15 

40 

9 

11 

20 

0 

0 

0 

0 

1 

1 

20 

25 

45 

20 

6 

25 

Seed-treatment  com- 
pound 


Untreated 

Dupont  No.  35 

Dupont  No.  42  1 

Dupont  No.  63 

Dupont  No.  57 

Dupont  No.  64 

Mercuric  oxide,  one-half, 
and  CuCo3,  one-half.. 

Untreated 

Mercuric  sulphate,  one- 
half,  and  CuCo3,  one- 
half 

Uspulun,  0.5  per  cent 
(Ihour) 

Semesan,  0.5  per  cent 
(Ihour) 

Qermisan,  0.25  per  cent 
(Ihour) , 

Formaldehyde,  0.12  per 
cent  (1  hour) 

Untreated 


Smutted  heads  in- 


Row  1    Row  2    Total 


Reduced  stand. 


EXPERIMENTS  IN  1927-28 


During  the  season  of  1927-28  Tennessee  Winter  barley  was  again 
used  in  experiments  for  testing  the  efficiency  of  certain  fungicidal 
dusts  for  controlling  covered  smut  of  barley.  Most  of  the  dusts 
used  in  these  experiments  had  been  found  fairly  satisfactory  the  pre- 
vious year,  some  in  preliminary  trials  and  others  in  more  extensive 
experiments.  Along  with  these  were  used  Hochst  and  Tutan,  both 
of  which  dusts  had  been  used  with  considerable  success  in  experiments 
for  barley  stripe  control  the  previous  spring  {18).  The  dusts  were 
applied  as  before  at  the  rate  of  4  ounces  per  bushel  after  the  seed  had 
been  dusted  with  smut  spores,  as  described  for  the  1926-27  experi- 
ments. Field  germination  data  were  obtained  by  sowing  1,000  seeds 
from  each  treated  lot  in  rod  rows  at  the  rate  of  250  seeds  per  row, 
counts  being  made  15  days  after  sowing.  Additional  germination 
data  were  obtained  by  sowing  100  seeds  from  each  lot  in  the  green- 
house, counts  being  made  one  week  after  sowing.  According  to  the 
resulting  data,  shown  in  Table  8,  none  of  the  dusts  used  caused  any 
striking  decrease  in  the  percentage  of  germination. 

Table  8. — Field  and  greenhouse  data  on  the  germination  of  seed  of  Tennessee  Winter 
barley  untreated  or  dusted  with  various  fungicides  and  sown  at  Arlington  Experi- 
ment Farm,  Rosslyn,  Va.,  October,  1927 


Fungicidal  dust 

Percentage  of  ger- 
mination in — 

Fungicidal  dust 

Percentage  of  ger- 
mination in— 

Field 

Green- 
house 

Field 

Green- 
house 

Untreated 

76 
76 
80 
74 
76 
80 
79 
78 

76 
86 
83 
92 
91 
92 
86 
86 

Untreated 

81 
79 
80 
80 
81 
78 
82 
80 

80 

Abavit  B 

Wa  Wa 

86 

S.  F.  A.  No.  225 

Semesan       

87 

S.  F.  A.  No.  226-V 

Semesan  Jr 

87 

IlOchst 

Dupont  No.  36 . 

87 

Tutan 

Dupont  No.  46 

89 

Vitrioline 

Dupont  No.  63 

88 

Mercury  C. 

Dupont  No.  64 

88 
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In  an  attempt  to  vary  the  conditions  of  soil  moisture  and  tempera- 
ture between  the  dates  of  sowing  and  emergence,  the  seed  was  sown  in 
replicated  rod  rows  in  two  series.  Series  1  was  sown  on  September  21 
in  soil  whose  moisture  content  was  only  13  per  cent  of  saturation  and 
which  received  no  additional  rainfall  until  after  the  plants  had 
emerged.  Series  2  was  sown  on  October  7  in  soil  whose  moisture 
content  was  65  per  cent  of  saturation  and  which  received  an  inch  of 
rainfall  three  days  after  the  seed  had  been  sown  and  a  still  heavier 
rainfall  the  day  before  the  plants  emerged.  A  record  of  the  soil 
temperature  and  rainfall  between  the  dates  of  sowing  and  emergence 
in  both  series  is  shown  in  Table  9.  The  mean  soil  temperature  during 
this  period  was  17.7°  C.  for  series  1  and  16°  for  series  2.  It  is  evident, 
therefore,  that  the  soil  of  series  2  was  much  wetter  and  slightly  cooler 
between  the  dates  of  sowing  and  emergence  than  the  soil  of  series  1 
during  a  corresponding  period. 

Table  9. — Soil  temperature  and  rainfall  records  in  connection  with  field  experiments 
on  control  of  covered  smut  of  barley  with  dust  fungicides  at  Arlington  Experiment 
Farm,  Rosslyn,  Va.,  1927-28 


Soil  temperature 

Rain- 
fall 

Date 

Maxi- 
mum 

Mini- 
mum 

Mean 

1927 
Sept.  21 1 

22 
21 
22 
22 
22 
24 
24 
24 
25 
27 
29 
29 
24 

°C. 
16 
13 
14 
12 
12 
14 
14 
17 
18 
18 
19 
19 
20 

18.3 

17.2 

17.2 

17 

17 

17.5 

18.3 

19.3 

20.6 

21.6 

22.8 

23 

22 

Inches 

Sept.  22 

Sept.  23 

Sept.  24 

Sept  25 

Sept.  26 

Sept.  27 

Sept.  28 - 

Sept.  29  2. ...--. 
Sept.  30 

Oct.  1 

Oct.  2 

Oct.  3 

Date 


Soil  temperature 


Maxi- 
mum 


1927— Con 

Oct.  4 

Oct.  5 .- 

Oct.  6 

Oct.  7  3 

Oct.  8 

Oct.  9 

Oct.  10 

Oct.  11. 

Oct.  12 

Oct.  13 

Oct.  14  < 

Oct.  15 


Mini- 
mum 


Mean 


Rain- 
fall 


Inches 
1.44 


.29 


1  Series  1  was  sown  in  soil  13  per  cent  saturated. 

2  Series  1  emerged. 

3  Series  2  was  sown  in  soil  65  per  cent  saturated. 
^  Series  2  emerged. 


Data  on  the  occurrence  of  covered  smut  were  taken  May  22,  1928. 
As  stripe  disease  (Helminihosporium  gramineum  Rabh.)  also  was 
abundant  in  the  rows  from  untreated  seed,  data  were  taken  on  the 
control  of  this  disease.  These  combined  data  are  presented  in 
Table  10, 
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Table  10. — Number  and  percentage  of  stripe-infected  plants  and  of  heads  of  covered 
smut  in  Tennessee  Winter  barley  grown  from  untreated  seed  or  from  seed  treated 
with  different  fungicidal  dusts  and  sown  at  Arlington  Experiment  Farm,  Rosslyn, 
Va. 

[Series  1  was  sown  in  dry  soil »  Sept.  21,  and  series  2  in  wet  soil »  Oct,  7,  1927.    Data  were  taken  May,  1928] 


No. 


Fungicidal  dust 


Untreated 

Abavit  B 

S.  F.  A.  No.  225... 
S.  F.  A.  No.  225- V 

Hochst 

Tutan -- 

Vitrioline 

Mercury  C 

Untreated 

WaWa 

Semesan 

Semesan  Jr 

Dupont  No.  35 

Dupont  No.  45 

Dupont  No.  53- 

Dupont  No.  64 


Stripe-infected  plants  in— 


Series  1 


Number 

199 

15 

27 

29 

2 

110 

198 

25 

210 

10 

17 

13 

26 


27 


Per  cent 

5.75 

.43 

.77 

.82 

.05 

2.93 

6.37 

.68 

5.74 

.27 

.45 

.34 

.71 

.62 

1.67 

.75 


Series  2 


Number 

403 

0 

5 

6 

0 

90 

196 

2 

428 

4 

5 

6 

6 

2 

36 

2 


Per  cent 
13.71 

0 

.15 
.18 

0 

2.76 

6.34 
.06 
14.46 
.13 
.16 
.16 
.18 
.06 

1.13 


Heads  of  covered  smut  in- 


Series  1 


Number 

1,688 

0 

75 

209 

3 

273 

918 

65 

1,694 

13 

129 

202 

189 

54 

347 

163 


Per  cent 
12.19 
0 

.53 
1.47 

.02 
1.82 
6.22 

.44 
11.57 

.09 

.86 
1.34 
1.29 

.36 
2.34 
1.13 


Series  2 


Number 

1,112 

2 

109 

142 

0 

117 

228 

40 

1,118 

8 

54 

49 

62 

7 

286 

119 


Per  cent 

9.46 
.02 
.81 

1.05 

0 
.90 

L85 
.32 

9.43 
.07 
.44 
.38 
.46 
.06 

2.25 
.95 


1  Soil  contained  13  per  cent  of  saturation. 


Soil  contained  65  per  cent  of  saturation. 


Covered  smut  was  more  abundant  in  series  1  than  in  series  2  both 
in  the  control  rows  and,  with  two  exceptions,  in  the  rows  from  treated 
seed.  Stripe  disease,  on  the  other  hand,  was  more  abundant  in  the 
controls  of  series  2  than  in  those  of  series  1,  owing,  presumably,  to 
the  slightly  lower  mean  soil  temperature  in  series  2.  But  despite 
this  fact,  the  control  of  stripe  disease,  like  that  of  covered  smut,  was 
better  in  series  2.  These  results  point  to  the  fact  that  in  series  1  the 
limited  amount  of  soil  moisture,  which  was  barely  sufficient  to  cause 
germination  of  the  seed,  reduced  the  effectiveness  of  the  fungicides  in 
disease  control. 

From  the  standpoint  of  disease  control  the  three  outstanding  fungi- 
cides were  Abavit  B,  Hochst,  and  Wa  Wa.  Next  in  the  order  of  Iheir 
general  effectiveness  came  Dupont  No.  45,  Mercury  C,  Semesan,  and 
S.  F.  A.  No.  225.  None  of  the  other  fungicides  were  consistently 
effective,  although  some  of  them  had  shown  promising  results  in 
previous  experiments.  The  unsatisfactory  results  obtained  with 
some  of  these  dusts,  especially  in  series  2,  ma^  have  been  because  of 
their  gradual  deterioration  and  loss  of  fungicidal  properties  upon 
standing,  as  some  of  them  had  been  stored  in  the  laboratory  for  over 
a  year,  although  in  closed  containers.  However,  in  series  1  insufficient 
soil  moisture  undoubtedlv  contributed  greatly  to  the  relative  ineffec- 
tiveness of  many  of  the  dust  fungicides. 

Preliminary  experiments  of  rather  limited  scope  were  carried  out 
with  a  number  of  other  dusts  during  the  1927-28  season.  Among 
these  were  Agfa  331,  U.  T.  488,  U.  T.  348,  Dupont  No.  68,  atoniic  sul- 
phur, Bayer  Dust,  calomel,  corrosive  sublimate,  and  combinations  of 
the  last  two  with  talc  and  copper  carbonate.  None  of  these  proved 
satisfactory  as  dust  fungicides  for  the  control  of  covered  smut  of 
barley.  Several  combinations  of  corrosive  sublimate  and  talc  or 
copper  carbonate  eliminated  covered  smut  but  caused  severe  injury 
to  the  seed  and  also  proved  highly  corrosive  to  metal. 
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EXPERIMENTS  IN  1928-29 

In  the  fall  of  1928  two  varieties  of  bariey,  Tennessee  Winter  and 
Wisconsin  Winter,  were  used  in  experiments  on  the  control  of  covered 
smut.  The  seed  of  Tennessee  Winter  and  Wisconsin  Winter  had 
come  from  fields  containing,  respectively,  22  per  cent  and  7  per  cent 
of  covered  smut.  In  addition  to  this  natural  inoculation,  the  seed 
was  artificially  inoculated  by  dusting  it  with  spores  of  covered  smut. 

Seven  dust  fungicides  were  used  along  with  a  1 :  320  solution  of 
37  per  cent  formaldehyde  for  comparison.  In  treating  seed  with 
formaldehyde  a  modification  of  Braun's  presoak  method  (2)  was 
employed.  The  seed  was  soaked  in  water  for  15  minutes,  and  after 
draining  it  was  allowed  to  lie  covered  for  4  hours.  After  a  20-minute 
immersion  in  a  1 :  320  solution  of  commercial  formaldehyde  it  was 
allowed  to  drain  and  then  was  covered  for  3  hours,  after  which  it 
was  dried.  The  dusts  were  applied  at  the  rate  of  3  ounces  per  bushel. 
All  the  seed  treatments,  including  formaldehyde,  were  appHed  Sep- 
tember 27,  and  the  seed  was  sown  in  three  series  as  follows:  Series  1, 
20  replications,  sown  September  29;  series  2,  4  repUcations,  sown 
October  5;  series  3,  8  replications,  sown  October  18. 

Unfortunately  the  plants  in  series  1  were  winterkilled  so  completely 
that  no  smut-control  data  could  be  obtained.  In  series  2,  250  seeds 
per  rod  row  were  sown  to  determine  the  effect  of  the  fungicides  on 
the  germination  of  the  seed.  The  plants  in  this  series  emerged 
October  12,  and  germination  data  were  taken  October  15.  As  shown 
in  Table  11,  none  of  the  treatments  except  formaldehyde  reduced 
the  percentage  of  germination. 

Table  11. — Effect  of  seed  disinfectants  on  field  germination  of  Tennessee  Winter 
and  Wisconsin  Winter  barley  sown  at  Arlington  Experiment  Farm,  Rosslyn,  Va.y 
October  5,  1928 


Seed-treatment  compound 

Percentage  of  ger- 
mination in — 

Average 

No. 

Tennes- 
see 
Winter 

Wiscon- 
sin 
Winter 

age  of 
germina- 
tion 

Control                         -  - - 

71.8 
77.2 
81.6 
83.5 
81.3 
160.4 
81.2 
82.6 
84.4 

76.4 
85.2 
76.7 
86.4 
81.5 
170.1 
75.0 
77.6 
74.4 

74.1 

1 

Ceresan 

81.2 

2 

p  M    \                                                           

79.2 

3 

Hochst                                -        

94.9 

4 

Abavit  B                                        --     - - 

81.4 

5 

Formaldehyde                                              -  

165.3 

Control                             -- --  - 

78.1 

6 

Smuttox                                      

80.1 

7 

Corona  80-B                                           -- 

79.4 

1  Injury  due  to  delay  in  sowing  after  treatment. 

Later,  further  germination  studies  were  made  in  the  greenhouse 
bench  with  treated  and  untreated  seed  that  had  been  stored,  either 
in  cotton  sacks  or  in  closed  cans,  for  different  periods  of  time.  The 
results  are  shown  in  Table  12.  Seed  treated  with  Srauttox  and  stored 
in  closed  cans  for  27  days  or  longer  failed  to  germinate,  while  seed 
treated  with  P.  M.  A.  and  Corona  80-B  and  similarly  stored  had  its 
viability  greatly  impaired.  P.  M.  A.  and  Smuttox  also  affected 
adversely  the  germination  of  seed  stored  in  sacks.  None  of  the  other 
treatments  caused  any  striking  reduction  in  the  percentage  of  germi- 
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nation,  regardless  of  manner  or  time  of  storage.  Through  an  over- 
sight, formaldehyde-treated  seed  was  not  included  in  the  series 
stored  in  cans.  The  seed  had  been  treated  with  this  fungicide  some- 
what in  accordance  with  Braun's  presoak  method  (2).  After  being 
soaked  in  water  for  30  minutes  it  was  allowed  to  drain  and  then  was 
covered  overnight,  about  15  hours.  It  then  was  immersed  in  a  1 :  320 
solution  of  37  per  cent  formaldehyde  for  30  minutes,  allowed  to  drain ^ 
covered  for  2  hours,  and  then  dried.  This  treatment,  it  will  be  noted, 
did  not  result  in  seed  injury  even  after  the  dried  seed  had  been  stored 
for  75  days  before  sowing.  For  effective  control  of  covered  smut, 
however,  an  hour's  immersion  in  the  formaldehyde  solution  is  recom- 
mended, for,  as  shown  in  Table  7,  this  treatment  controlled  covered 
smut. 

Table  12. — Effect  of  seed  disinfectants  on  germination  of  Tennessee  Winter  barley 
after  the  treated  seed  had  been  stored  for  different  periods  of  time  either  in  cotton 
sacks  or  in  closed  cans  and  then  sown  in  the  greenhouse,  germination  data  being- 
taken  10  days  after  sowing 


Seed-treatment  compound 

Percentage  of  germination  after  storage 

No. 

Iday 
in  sacks 

27  days  in — 

41  days  in— 

76  days  in— 

Sacks 

Cans 

Sacks 

Cans 

Sacks 

Cans 

Control... 

94 
100 
66 
96 
96 
98 
96 
96 
96 
90 
98 

92 
94 
46 
94 
96 
96 
94 
92 
96 
98 
80 

92 
90 
10 
94 
9J! 
96 
94 

36' 

98 
0 

92 
96 
30 
82 
96 
92 
90 
90 
86 
90 
58 

92 
98 
6 
82 
98 
88 
90 

20" 

90 
0 

80 

82 
18 
86 
88 
88 
87 
87 
92 
87 
64 

80 

1 

Ceresan .I......... 

80 

? 

Dupont  P.  M.  A... .- 

0 

Control..                                 

86 

3 

Hochst 

90 

4 

Abavit  B '. ...... 

sa 

Control 

87 

5 

Formaldehyde 

e, 

Corona  80-B 

36 

Control 

87 

7 

Smuttox 

0 

Series  3  was  sown  October  18  and  the  plants  emerged  October  28. 
At  the  time  of  sowing  series  3  the  soil  contained  19  per  cent  of  its 
water-holding  capacity,  which  two  days  later  had  increased  to  25 
per  cent.  The  mean  soil  temperature  from  sowing  to  emergence 
was  11°  C.  Series  2  was  sown  October  5  and  the  plants  emerged 
October  11.  At  the  time  of  sowing  series  2  the  soil  contained  41 
per  cent  of  its  water-holding  capacity;  a  light  rain  the  day  after 
sowing  increased  the  water  content  to  46  per  cent.  The  mean  soil 
temperature  from  sowing  to  emergence  was  15.6°.  The  soil  tempera- 
ture and  rainfall  data  between  the  dates  of  sowing  series  2  and  the 
emergence  of  series  3  are  shown  in  Table  13. 
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Table  13. — Record  of  the  soil  temperature  and  rainfall  between  dates  of  sowing 
and  emergence  in  connection  with  experiments  on  control  of  covered  smut  of  barley 
at  Arlington  Experiment  Farm,  Rosslyn,  Va.,  during  the  1928-29  season 

[Series  2  was  sown  October  5  and  emerged  October  11.    The  soil  was  41  per  cent  saturated.    Series  3  was 
sown  October  18  and  emerged  October  28.    The  soil  was  19  per  cent  saturated] 


Date 

Soil  temperature 

Rainfall 

Date 

Soil  temperature 

Rainfall 

Maxi- 
mum 

Mini- 
mum 

Mean 

Maxi- 
mum 

Mini- 
mum 

Mean 

1928 
Oct.  6 

23 
21 
21 
24 
23 
23 
24 
25 
19 
18 
26 
25 

13 
9 
8 
12 
12 
9 
11 
12 
13 
10 
15 
17 

16.8 

14.3 

13.7 

17 

16.5 

15.3 

16 

18.3 

16.8 

14.8 

19.7 

20.1 

Inch 
0.11 

1928 
Oct  18 

24 
24 
18 
20 
20 
19 
17 
15 
15 
11 
15 

°C. 
18 
17 
8 
5 
6 
13 
6 
3 
2 
0 
5 

20.2 

18.7 

13.5 

11 

12.4 

15.2 

10.8 

8.1 

7 

6.2 

9.5 

Inch 

Oct.  7 

Oct.  19 

0.13 

Oct.  8 

Oct.  20 

Oct.  9 

Oct.  21 

Oct.  10      

Oct.  22 

Oct.  11 

Oct  23 

Oct.  12 

Oct.  24.. 

.  11 

Oct.  13 

Oct.  25 

Oct.  14 

Oct.  26 

Oct.  15 

.53 

Oct.  27 

Oct.  16 

Oct.  28 

Oct.  17 

In  series  2,  therefore,  germination  and  emergence  occurred  in  a 
warmer,  wetter  soil  than  in  series  3.  According  to  the  data  on  smut 
control  shown  in  Table  14,  these  conditions  evidently  resulted  in 
more  effective  action  of  the  dust  fungicides,  since  only  five  smutted 
heads  were  found  in  all  the  rows  from  dust- treated  seed  in  series  2, 
while  in  series  3  none  of  the  dusts  completely  eliminated  covered 
smut.  Formaldehyde,  on  the  other  hand,  was  more  effective  in 
series  3  despite  the  fact  that  the  higher  percentage  of  smut  in  the 
controls  in  this  series  indicated  more  favorable  conditions  for  its 
development  than  in  series  2.  The  fact  that  the  fungicidal  action 
of  formaldehyde  and  other  liquid  fungicides  takes  place  before  the 
seed  is  sown  should  make  their  effectiveness  in  disease  control  more 
or  less  independent  of  soil  conditions  after  sowing.  This,  however, 
is  not  true  in  the  case  of  most  dust  fungicides.  It  seems  that  a  soil- 
moisture  content  of  25  per  cent  of  saturation  is  not  sufficient  for  the 
maximum  effectiveness  of  those  dust  treatments  whose  fungicidal 
action  doubtless  is  dependent  upon  their  contact  with  soil  moisture. 

Table  14. — Control  of  covered  smut  in  Tennessee  Winter  barley  and  Wisconsin 
Winter  barley  grown  from  seed  untreated  or  treated  with  various  fungicides  and 
sown  in  rod  rows  at  Arlington  Experiment  Farm,  Rosslyn,  Va. 


Iln  series  2  four  replications  were  sown  October  5, 1928,  and  in  series  3  eight  replications  were  sown 
8,  1928.    Data  were  taken  May  15,  1929] 

October 

Seed-treatment  compound 

Heads  of  covered  smut  in— 

No. 

Tennessee  Winter 

Wisconsin  Winter 

Series  2 

Series  3 

Series  2 

Series  3 

Number 
52 
2 
0 
0 
0 
12 
111 
0 
0 
62 

Per  cent 
3.5 
.1 
0 
0 
0 

2.3 
5.8 
0 
0 
5.9 

Number 

290 

27 

^l 

13 
59 

Per  cent 

6.6 

.6 

-.1 

.3 

1.6 

Number 
58 
0 
0 
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From  the  standpoint  of  controlling  covered  smut  without  injuring 
the  seed,  Hochst,  Ceresan,  and  Abavit  B  were  the  only  satisfactory 
fungicidal  dusts  used  in  the  1928-29  experiments.  It  should  be 
stated  that  the  makers  of  Smuttox  reconmiend  it  chiefly  for  the  con- 
trol of  oat  smut  and  not  for  barley  diseases.  It  was  unfortunate 
that  the  plants  in  series  1  were  winterkilled,  because  the  more  num- 
erous replications  in  this  series  would  have  yielded  more  significant 
data  on  the  control  of  covered  smut  than  were  secured  in  the  other 
series.  The  failure  of  formaldehyde  to  control  covered  smut  effec- 
tively must  be  attributed  to  a  too  brief  immersion  in  the  fungicidal 
solution,  as  has  been  suggested  before. 

DISCUSSION  AND  CONCLUSIONS 

During  the  period  1925-1929  more  than  45  dusts  were  tried  in 
experiments  on  the  control  of  covered  smut  of  barley.  Of  these 
dusts  12  were  made  in  Germany;  1,  Vitrioline,  in  France;  24  by 
seven  different  commercial  concerns  in  the  United  States;  and  the 
remainder  were  made  up  in  the  writer's  laboratory  from  various 
salts  of  mercury  and  copper.  Of  the  12  dusts  from  Germany,  the 
2  outstanding  ones  in  the  control  of  covered  smut  of  barley  were 
Hochst,  also  called  Trockenbeize  Tillantin  and  Abavit  B.  Dusts 
Nos.  225  and  225-V  controlled  covered  smut  satisfactorily  at  times, 
but  were  not  consistently  effective.  None  of  these  4  dusts  are  com- 
mercially available  in  the  United  States. 

Of  the  24  dusts  submitted  by  commercial  concerns  in  this  country, 
only  the  following  5,  to  the  writer's  knowledge,  are  or  ever  were 
produced  commercially:  Smuttox,  Bayer  Dust,  Semesan,  Semesan 
Jr.,  and  Ceresan.  Of  the  six  organic  mercury  liquid  fungicides  used, 
Germisan  and  Tillantin  C  came  from  Germany  and  are  not  com- 
mercially available  in  this  country.  Semesan  liquid  is  a  solution  of 
Semesan  dust.    Uspulun  is  no  longer  manufactured  in  this  country. 

Since  so  few  of  the  45  or  more  dusts  used  in  the  foregoing  experi- 
ments are  or  ever  were  on  the  market  in  this  country,  the  question 
naturally  arises  as  to  the  practical  value  of  residts  from  experiments 
with  such  materials.  It  should  be  made  clear  in  the  first  place, 
therefore,  that  the  purpose  of  these  experiments  w^as  not  simply  to 
test  the  fimgicidal  value  of  proprietary  dusts  recommended  by  their 
makers  for  the  control  of  covered  smut  of  barley,  for  at  the  time  of 
beginning  these  experiments  there  were  no  such  dusts  on  the  market 
in  this  country.  The  experiments  were  designed  to  aid  in  the  develop- 
ment of  effective  and  practical  dusts  for  this  purpose.  For  this 
reason  most  of  the  dusts  used  were  purely  experimental  and  not 
necessarily  intended  for  production  on  a  commercial  scale.  It  was 
necessary  to  determine  (1)  whether  covered  smut  of  barley  could  be 
controlled  at  all  by  dust  fungicides,  (2)  whether  and  to  what  extent 
the  effectiveness  of  such  fungicides  is  dependent  on  environmental 
conditions  after  sowing  the  treated  seed,  and  (3)  whether  the  dusts 
found  to  be  effective  under  an  average  range  of  conditions  were 
practical  from  the  standpoint  of  cost,  physical  and  chemical  properties, 
and  their  effect  upon  the  seed. 

Some  of  the  dusts  included  in  these  experiments  gave  excellent 
control  of  covered  smut,  but  owing  to  their  high  mercury  content 
were  discarded  on  account  of  their  excessive  cost.    Others  of  equal 
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effectiveness  were  undesirable  on  account  of  their  being  corrosive 
to  metal.  Still  others  were  considered  impractical  on  account  of 
their  hygroscopic  nature,  their  lack  of  stability,  their  injurious  effect 
upon  the  seed,  or  other  undesirable  qualities. 

In  view  of  the  fact  that  in  these  as  well  as  in  previous  experiments 
{IJi-j  34)  liquid  organic  mercury  fungicides,  now  on  the  market,  proved 
highly  satisfactory  in  controlling  covered  smut  as  well  as  other 
diseases  of  barley  without  seed  injury,  one  naturally  is  called  upon 
to  supply  a  reason  for  trying  to  replace  these  efficient  liquid  fungicides 
with  dust  fungicides.  Some  of  the  advantages  of  dust  fungicides 
and  the  disadvantages  of  liquid  fungicides  have  been  pointed  out 
previously  by  the  writer  (15).  It  may  be  well  to  review  these  here, 
together  with  others  of  greater  or  less  importance. 

(1)  Dust  fungicides  usually  are  easier  to  apply.  The  dust  is 
mixed  with  the  dry  grain  in  a  mechanical  mixer  for  a  few  minutes, 
after  which  the  grain  may  be  resacked  and  either  sown  at  once  or 
stored  indefinitely.  All  the  trouble  incidental  to  wetting  and  drying 
the  seed  is  eliminated. 

(2)  The  use  of  dust  fungicides  decreases  the  chances  of  mistakes 
in  seed  treatment.  In  using  liquid  fungicides,  especially  formalde- 
hyde, there  is  some  danger  of  using,  unintentionally,  too  strong  a 
solution  or  allowing  too  long  a  period  of  immersion,  thus  causing 
severe  injury  to  the  seed.  On  the  other  hand,  according  to  Gassner 
(6),  Krauss  (11),  and  others,  some  fungicidal  solutions  when  used 
repeatedly  have  so  much  of  their  essential  ingredients  taken  up  by 
the  seed  that  they  no  longer  act  as  disinfectants  unless  more  of  the 
chemicals  are  added.  It  goes  without  saying  that  mistakes  are 
possible  in  adding  the  proper  quantity  of  chemical,  or,  for  that  matter, 
in  not  replenishing  the  solution  at  all.  In  the  case  of  dust  fungicides 
if  too  little  dust  is  applied,  this  fact  is  revealed  to  some  extent  by 
the  appearance  of  the  seed,  which  is  supposed  to  be  very  thoroughly 
coated  with  dust.  If  too  much  dust  is  applied,  the  excess  manifests 
itself  as  free  dust  because  the  seed  will  hold  only  a  given  quantity. 
No  injury  to  the  seed  will  result,  as  a  rule,  from  excess  dust,  but  the 
excess  may  cause  trouble  in  seeding. 

(3)  Dust  fungicides  are  less  likely  to  cause  seed  injury.  In  addi- 
tion to  the  danger  of  seed  injury  from  too  strong  a  solution  or  too 
long  a  period  of  immersion,  in  the  use  of  liquid  fungicides  the  seed 
may  be  injured  by  freezing  if  the  weather  should  turn  very  cold 
before  the  seed  has  dried.  Furthermore,  a  period  of  rainy  weather 
at  the  time  of  treating  the  seed  may  prevent  it  from  drying  properly 
and  delay  its  sowing  so  that  sprouting  or  other  injury  may  result. 
Hurd  (10)  has  shown  that  seed  slightly  damaged  in  threshing  is 
particularly  susceptible  to  injury  by  formaldehyde  and  copper 
sulphate  solutions.  Dust  fungicides,  obviously,  are  free  from  these 
disadvantages. 

(4)  Dust  fungicides  afford  greater  protection  against  recontamina- 
tion  of  the  seed  after  treatment.  After  being  treated  with  liquid 
fungicides  the  seed  frequently  is  spread  to  dry  on  a  barn  floor,  where 
there  is  danger  of  recontamination ;  or  it  may  be  subjected  to  further 
recontamination  after  it  is  dry  by  being  placed  in  smutty  sacks. 
Wallden  (39)  cites  a  case  in  Germany  in  which  two  lots  of  wheat 
treated  with  formaldehyde  and  resacked  in  clean  and  smutty  sacks 
before  sowing  produced  0.4  and  16.5  per  cent  of  bunt,  respectively. 
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in  the  crop.  Since  the  fungicidal  action  of  nearly  all  dust  treatments 
takes  place  after  sowing,  recontamination  of  the  seed,  manifestly,  is 
a  minor  possibility. 

(5)  Since  most  dust  fungicides  do  not  cause  injury  to  the  seed 
even  if  it  is  stored  for  months  after  being  treated,  the  treatment 
may  be  given  during  a  slack  period  even  in  freezing  weather.  This 
favors  the  establishment  and  operation  of  community  seed-treating 
plants  where  seed  may  be  cleaned  and  treated  at  any  convenient 
time  before  sowing. 

(6)  Seed  treatment  by  dusts  is  independent  of  temperature  and 
duration  of  application,  while  in  the  case  of  most  liquid  fungicides  both 
these  factors  are  important.  Gassner  and  Rabien  (7)  state,  for  exam- 
ple, that  an  0.008  per  cent  solution  of  formaldehyde  at  30°  C.  for  5 
hours  is  as  effective  as  a  0.6  per  cent  solution  at  0°  for  10  minutes. 
Both  Germisan  and  formaldehyde,  they  state,  disinfect  poorly  at  6^ 
or  below.  Lang  (18)  claims  that  at  5°-6°  the  disinfecting  powers  of 
Germisan  and  formaldehyde  are  reduced  to  one-half  and  one-fifth, 
respectively,  of  their  effectiveness  at  room  temperature,  and  that  3^ 
is  the  lower  limit  for  effectively  using  liquid  fungicides  of  any  strength. 
According  to  this,  liquid  fungicides  should  be  applied  at  a  certain  given 
temperature  to  secure  reliable  results.  This  effect  of  temperature 
suggests  a  possible  reason  for  some  of  the  conflicting  results  occasion- 
ally obtained  by  different  investigators  in  experiments  with  the  same 
liquid  fungicides,  as  has  been  suggested  in  a  previous  paper  {18). 

(7)  Dust  fungicides  protect  stored  seed  from  weevils  and  other 
insects  and  to  a  large  degree  from  rodents  {23,  24)-  The  latter  will 
avoid  dusted  seed  if  other  food  is  available  {24). 

(8)  Dust  fungicides  cause  less  retardation  of  the  flow  of  grain 
through  the  drill  than  liquid  fungicides  {1 7) ,  unless  the  seed  has  been 
thoroughly  dried  after  treatment  with  liquids.  This  applies  especially 
to  seed  treated  with  formaldehyde  or  copper  sulphate.  Such  seed 
generally  is  sown  immediately  after  being  treated  and  while  rather 
moist,  because  thorough  drying  is  likely  to  be  followed  by  impaired 
viability.  This  objection  does  not  obtain  with  many  of  the  other 
liquid  fungicides  now  on  the  market,  as  seed  treated  with  these 
fungicides  may  be  stored  indefinitely  if  thoroughly  dried  after  being 
treated. 

Dust  fungicides  are  not  without  their  disadvantages  as  compared 
with  some  of  the  liquid  fungicides. 

(1)  They  are  poisonous  and  when  inhaled  may  cause  extreme  physi- 
cal discomfort  or  even  more  serious  results.  A  respirator  worn  while 
applying  dusts  or  handling  dusted  grain  obviates  trouble  from  this 
source.  However,  formaldehyde  in  concentrated  solution  as  used  in 
the  spray  method  also  is  very  disagreeable  to  apply. 

(2)  Dust  fungicides,  as  a  rule,  are  more  expensive  than  liquid 
fungicides  {4,  87),  but  this  shortcoming  may  be  outweighed  by  the 
smaller  cost  of  application. 

(3)  Generally  speaking,  it  is  not  considered  safe  to  use  dusted  grain 
for  animal  or  human  consumption;  therefore,  only  enough  seed  should 
be  treated  to  suffice  for  sowmg.  However,  Mackie  and  Briggs  {24) 
found  that  wheat  treated  with  copper  carbonate  did  not  injure  common 
house  mice  even  when  they  subsisted  upon  it  exclusively.  Siegwardt 
{82)  in  Germany  fed  chickens  with  wheat  dusted  with  Hochst,  a 
copper-arsenic  compound,  and  found  that  they  seemed  to  suffer  no 
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ill  effects  from  it.  While  the  mention  of  these  results  is  not  to  be  con- 
strued as  a  recommendation  for  using  dusted  seed  as  food,  it  seems 
that  seed  treated  with  some  of  the  copper  compounds  is  not  so  poison- 
ous as  has  been  generally  supposed.  Mercury  compounds,  however, 
whether  applied  to  the  seed  in  dust  or  liquid  form,  undoubtedly 
render  it  unfit  for  consumption. 

(4)  Dust  fungicides  applied  to  seed  retard  somewhat  its  ready  flow 
through  the  drill  {17,  80).  This  retardation  may  vary  with  the  kind 
of  dust  used,  the  type  of  seed,  the  make  of  drill,  the  rate  of  application, 
and  the  rate  of  seeding.  While  it  has  been  shown  (17)  that  the  re- 
tardation due  to  dust  treatments  is  not  so  great  as  that  caused  by 
.liquid  treatments  when  the  grain  is  sown  before  being  thoroughly 
dried,  the  fact  remains  that  under  certain  conditions  the  use  of  dust 
fungicides  may  necessitate  an  alteration  in  the  setting  of  the  drill. 

(5)  Comparatively  dry  soil  after  sowing  is  not  conducive  to  disease 
control  in  seed  treated  with  dust  fungicides  (16).  According  to  Volk 
{36,  88),  heavy  rains  after  sowing  also  may  render  dust  fungicides 
somewhat  ineffective,  especially  in  light,  sandy  soils.  Westermeier 
{40),  in  very  limited  laboratory  experiments,  also  found  that  heavy 
watering  of  the  soil  after  sowing  reduced  the  effectiveness  of  the  dusts 
he  used,  and  for  this  reason  he  maintained  that  they  can  not  be 
recommended  for  general  use.  However,  in  four  years'  experiments 
with  numerous  dust  fungicides,  only  in  one  instance  did  the  writer 
{16)  feel  justified  in  attributing  lack  of  effective  disease  control  to 
excessive  precipitation  after  sowing,  and  then  only  in  the  case  of 
one  dust. 

An  objection  to  the  use  of  mercury  compounds  as  seed  disinfectants, 
either  as  liquids  or  as  dusts,  is  advanced  by  Zimmerman  {^1),  who 
claims  that  grain  from  plants  grown  from  seed  which  had  been  treated 
with  any  of  these  compounds  may  contain  appreciable  quantities  of 
mercury.  The  continued  use  of  flour  made  from  such  grain,  he  states, 
may  entail  serious  results,  since  the  action  of  mercury  is  cumulative. 
Further  investigations  along  this  line  are  recommended  by  him. 

Some  of  the  objections  to  the  use  of  liquid  fungicides  are  overcome 
in  Germany  {9),  and  to  some  extent  in  this  country,  by  the  use  of 
*' continuous"  seed-treatment  machines.  By  this  method  the  seed 
is  run  through  a  solution  of  the  fungicide,  being  immersed  for  a  com- 
paratively short  time,  after  which  it  is  immediately  resacked  and  al- 
lowed to  stand  for  several  hours  before  sowing.  Volk  {88)  states, 
however,  that  in  experiments  in  Germany  this  method  of  seed  treat- 
ment seemed  to  reduce  the  resistance  of  the  plants  to  winterkilling. 
This  method  also  retains  many  of  the  disadvantages  of  the  steeping 
method.  The  spray  method  is  employed  by  some  in  preference  to  the 
steeping  method.  This  consists  in  spraying  the  grain  with  a  concen- 
trated solution  of  the  fungicide  while  it  is  being  shoveled  oyer,  and  then 
allowing  it  to  remain  covered  for  several  hours  or  overnight.  Mani- 
festly, many  of  the  objections  that  apply  to  the  steeping  and  the 
continuous  methods  would  apply  also  to  this  method. 

SUMMARY 

Covered  smut  in  Tennessee  Winter  barley  was  satisfactorily  con- 
trolled by  immersing  the  seed  for  one  hour  in  any  one  of  the  following 
solutions:  (1)  Formaldehyde  1:320,  a  0.12  per  cent  solution  made  by 
adding  a  pint  of  37  per  cent  commercial  formaldehyde  to  40  gallons 
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of  water;  (2)  Semesan,  0.5  per  cent;  (3)  Uspulun,  0.5  per  cent;  (4)  Ger- 
misan,  0.25  per  cent;  (5)  Tillantin  (Uspulun  Universal),  0.25  per  cent; 
(6)  Corona  620,  0.25  per  cent;  and  (7)  Bayer  Compound,  0.5  per  cent. 

Nos.  3,  4,  and  5  are  made  in  Germany  and  are  not  commercially 
available  in  the  United  States  and  6  and  7  are  no  longer  being 
manufactured. 

Under  average  soil-moisture  conditions  covered  smut  of  barley 
seems  to  be  amenable  to  control  by  the  more  effective  dust  fungicides. 

The  dust  fungicides,  Hochst  (Trockenbeize  Tillantin)  and  Abavit 
B,  both  made  in  Germany  and  not  commerically  available  in  the 
United  States,  and  Ceresan,  made  in  this  country,  gave  satisfactory 
control  of  covered  smut  of  barley  without  seed  injury. 

The  effectiveness  of  the  dust  fungicides  used  seemed  to  be  independ- 
ent of  soil  reaction  and,  as  far  as  could  be  determined,  of  the  usual 
range  of  soil  temperature.  A  soil-moisture  content  of  less  than  25 
per  cent  of  saturation  decreased  the  efficiency  of  most  of  the  dust 
fungicides  used.  The  numerous  advantages  of  dust  fungicides  over 
liquid  fungicides  for  disinfecting  seed  grain  are  enumerated  and  make 
it  highly  desirable  to  find  effective  and  satisfactory  dusts  to  replace 
liquid  treatments,  especially  the  common  formaldehyde  and  copp)er 
sulphate  treatments,  which  often  cause  marked  seed  injury  and 
consequent  reduction  in  stand  and  yield. 
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RECENT  TREND  IN  BEEF  PRODUCTION 

A  greatly  increased  preference  for  lighter  cuts  of  beef  has  developed 
in  the  American  beef  market  during  the  last  15  years.  Smaller 
families  among  consumers,  a  decreasing  per  capita  consumption  of 
beef,  and  some  significant  changes  in  our  living  habits  and  conditions 
have  doubtless  been  factors  in  producing  the  situation  mentioned. 
Producers,  in  an  attempt  to  meet  this  changing  demand  and  to  offset 
greatly  increased  operating  costs,  have  striven  to  make  ca,ttle  fat 
enough  for  slaughter  at  comparatively  early  ages.  The  relatively 
more  economical  use  of  feed  by  younger  cattle  has  been  a  contributing 
factor  in  the  growth  of  this  practice,  though  the  ability  of  older  cattle 
to  make  more  extensive  use  of  roughage  has  offset,  to  some  extent, 
this  advantage.  How^ever,  where  calves  to  be  fattened  are  raised 
instead  of  purchased,  the  breeding  herd  of  beef  cows  utilizes  advan- 
tageously such  roughage  as  the  calves  do  not  or  can  not  consume; 
consequently,  the  maintenance  of  a  breeding  herd  and  the  fattening 
of  the  calves  produced  may  replace  the  grazing  and  fattening  of  older 
cattle  on  many  farms.  For  many  years  a  few  calves  that  were  fat 
enough  for  slaughter  have  been  marketed  at  weaning  time.  Occasion- 
ally, such  calves  have  been  produced  without  grain  feed,  but  in  most 
cases  grain  feeding  has  been  practiced.  Generally  satisfactory 
results  of  feeding  grain  to  suckling  calves,^  which  were  to  be  marketed 

1  For  statement  of  cooperation,  see  p.  22. 

2  Forrester,  D.  R.    ultra  baby  beef  production.    Breeders'  Gaz.  82:  495-496,  illus.    1922 

FEEDING  CALVES.    Breeders'  Gaz.  85:  577.    1924. 

6207°— 30 1 


Z  TECHNICAL  BULLETIN  208,  U.  S.  DEPT.  OF  AGRICULTURE 

at  weaning  time,  have  been  reported.  Where  grain-fed  calves  were 
not  marketed  at  weaning  time,  the  practice  shortened  the  subsequent 
feeding  period.  The  production  of  calves  which  are  fat  enough  for 
slaughter  at  weaning  time  utiHzes  relatively  large  amounts  of  pasture 
and  small  quantities  of  grain. 

The  cattle-breeding  demonstration  ^  conducted  at  Sni-a-Bar  Farms, 
Grain  Valley,  Mo.,  to  show  the  benefits  of  breeding  grade  cows  and 
their  female  progeny  to  selected  purebred  Shorthorn  bulls  offered  an 
excellent  opportunity  to  carry  on  experimental  work  relative  to  the 
supplemental  feeding  of  suckling  beef  calves. 

OBJECT  AND  PLAN  OF  EXPERIMENTS 

The  object  of  the  three  years'  experiments  reported  herein  was  to 
compare  the  following  four  methods  of  handling  calves  from  the  time 
they  were  old  enough  to  eat  grain  until  weaning  time  and  their  subse- 


FiouRE  1.— Some  of  tlie  red  cows  used  as  foundation  stock  at  Sni-u-H;ir  Farins.  The  daughters, 
granddaughters,  and  great-granddaughters  of  these  cows,  sired  .by  Shorthorn  bulls,  were  the  danis 
of  the  calves  used  in  tnese  experiments 

quent  performance  in  the  feed  lot:  (1)  Keeping  the  calves  with  their 
dams  on  pasture  with  no  supplemental  feed;  (2)  keeping  the  calves 
with  their  dams  on  pasture  and  feeding  them  a  grain  mixture  in  a 
creep;  (3)  keeping  the  calves  in  a  small  pasture  separate  from  their 
dams,  feeding  them  grain  in  a  creep,  and  allowing  them  to  nurse 
twice  a  day;  and  (4)  Keeping  the  calves  with  their  dams  on  pasture 
and  feeding  them  a  grain  mixture  in  a  creep  for  only  four  to  eight 
weeks  before  weaning  time. 

CATTLE  USED 

All  calves  used  in  these  experiments  were  grade  Shorthorn  steers  sired 
by  excellent  purebred  Shorthorn  bulls,  with  the  exception  of  one  calf 
in  each  of  lots  2,  3,  and  4  in  the  first  experiment  and  one  calf  in  each 


» BuRCH,  D.  S.,  Sheets,  E.  W.,  Waters,  IT.  J.,  and  Trowbriikjb,  E.  A.    oradino  up  beef  cattle 
AT  8NI-A-BAR  FARMS.     U.  S.  Dept.  Agr.  Mis.  Circ.  74,  28  p.,  illus.     1926. 
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of  lots  1,  2,  3,  and  4  in  the  second  experiment.  These  calves  were 
sired  by  a  grade  Shorthorn  bull.  The  dams  of  all  these  calves  showed 
a  predominance  of  Shorthorn  breeding.  (Fig.  1.)  They  were  de- 
scendants of  the  red  cows,  showing  evidence  of  Shorthorn  blood, 
which  had  been  shipped  from  near-by  States  to  the  Kansas  City 
stockyards  and  purchased  there  in  1913  as  foundation  cows  for  the 
breeding  demonstration  work  at  Sni-a-Bar  Farms.  The  original 
cows  were  of  '' medium  to  good"  grade,  of  average  size  for  cows  of 


Figure  2.  —Cows  and  calves  on  pasture  at  the  beginning  of  the  first  experiment. 


Figure  3.— One  of  the  bulls  used  in  the  cattle-improvement  work  at  Sni-a-Bar  Farms 

the  West  Central  States,  and  gave  plenty  of  milk  for  their  calves. 
The  daughters,  granddaughters,  and  great-granddaughters  of  these 
original  red  cows  (fig.  2)  were,  with  the  exception  noted,  sired  by 
purebred  Shorthorn  bulls  of  good  individuality.  (Fig.  3.) 

The  average  weights  of  the  cows  which  produced  the  calves  used 
in  the  experiments  were  somewhat  greater  than  those  of  the  founda- 
tion cows  and  of  the  average  cows  of  the  section  of  the  country  in 
which   the   experiments   were    conducted.     (Table    1.)     They   pro- 
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duced  milk  in  such  quantities  that  it  was  necessary  occasionally  to 
milk  some  of  the  cows  when  the  calves  were  young.  Heifers  were 
bred  so  that  they  would  calve  at  about  30  months  of  age.  Every 
calf  raised  on  the  farm  is  marked  with  a  serially  numbered  ear  tag, 
which  is  the  key  to  its  breeding. 

In  each  of  the  three  years'  experiments,  the  calves  were  divided 
as  equally  as  possible  into  four  lots  so  as  to  compare  the  four  methods 
of  handling.  When  the  lots  were  made  up,  particular  attention  was 
given  to  the  age,  weight,  breeding,  and  grade  of  the  calves.  Calves 
having  the  same  number  of  crosses,  by  purebred  Shorthorn  bulls, 
were  divided  as  equally  as  possible  among  the  four  lots. 

METHODS  OF  FEEDING  AND  HANDUNG  THE  CATTLE 

The  dams  of  the  calves  used  in  the  experiments  were  wintered  each 
year  on  bluegrass  pasture  and  on  such  quantities  of  hay,  silage,  and 
other  feed  as  were  necessary  to  keep  them  thrifty  but  not  fat.  Cows 
and  heifers  which  calved  during  the  winter  were  given  a  httle  grain 
after  calving  if  they  needed  it.  They  had  open  sheds  or  timber 
for  shelter.  Throughout  each  summer  they  were  kept  on  good  pas- 
ture, with  plenty  of  shade,  good  water,  and  salt.  The  pastures 
consisted  chiefly  of  bluegrass  with  considerable  white  clover  and  a 
little  orchard  grass,  meadow  fescue,  and  alsike  clover. 

In  creep  feeding,  the  calves  were  given  all  they  would  eat.  Enough 
grain  was  put  into  the  troughs  to  last  for  two  or  three  days ;  neverthe- 
less, they  were  observed  twice  daily,  and  the  troughs  were  cleaned 
and  feed  changed  as  often  as  was  necessary  to  keep  them  sweet  and 
clean.  The  creep  for  the  calves  of  lot  2  was  near  a  water  tank  and 
in  the  midst  of  a  group  of  shade  trees.  The  calves  of  lot  3,  which 
were  separated  from  their  dams,  were  fed  in  a  shed  60  feet  long  and 
20  feet  deep,  open  to  the  south.  This  shed  furnished  the  only  shade 
they  had.  The  calves  of  lot  4,  fed  grain  from  four  to  eight  weeks 
before  weaning,  had  a  creep  similar  to  that  used  in  lot  2  but  it  was 
at  a  distance  from  shade  and  the  watering  place. 

In  the  dry-lot  feeding  after  weaning,  the  steers  were  fed  in  bunks 
within  a  shed  open  to  the  south.  Each  lot  of  steers  had  shed  space 
about  20  by  38  feet  and  lot  space  about  38  by  40  feet.  The  lots  were 
surfaced  with  crushed  rock  so  that  they  did  not  become  very  muddy 
during  wet  weather.  Enough  bedding  was  used  to  provide  the  steers 
with  a  dry  place  to  lie  down.  Each  lot  was  well  provided  with  water 
and  block  salt. 

In  the  dry-lot  feeding  all  lots  were  fed  all  they  would  eat  of  the 
same  grain  mixture  and  alfalfa.  During  part  of  the  second  and  third 
experiments  they  were  given  limited  quantities  of  silage.  The  al- 
falfa was  fed  after  most  of  the  grain  was  eaten,  which  was  usually 
within  about  30  minutes.  Hogs  were  allowed  to  run  in  the  feed 
lots,  but  because  of  the  similarity  of  the  rations  no  records  were 
kept  of  the  pork  produced. 

For  initial  and  final  weights,  each  calf  was  weighed  three  days  in 
succession,  the  average  being  taken.  Individual  weights  were  taken 
at  the  end  of  each  28-day  period.  All  weighings  were  made  in  the 
morning,  after  the  cattle  had  finished  their  morning  feed  and  at  as 
nearly  the  same  time  each  day  as  possible.  In  case  a  calf  died,  its 
record  was  eliminated  from  the  experiment  so  far  as  that  was  possible. 
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FEEDS  USED 

During  approximately  the  first  four  months  of  the  suckHng  period 
in  each  experiment  the  calves  which  were  fed  grain  received  a  mixture 
of  2  parts  of  shelled  com  and  1  part  of  whole  oats,  by  weight.  This 
grain  mixture  was  changed  on  September  28,  September  22,  and 
September  15,  respectively,  for  the  three  experiments  to  5  parts  of 
shelled  com,  2  parts  of  whole  oats,  and  1  part  of  linseed  meal,  by 
weight. 

During  the  dry-lot  feeding  periods  after  the  calves  were  weaned 
they  were  fed  a  mixture  of  8  parts  of  shelled  com  and  1  part  of  linseed 
meal.  Alfalfa  hay  was  the  only  roughage  fed  the  first  year.  In  the 
second  and  third  years  silage  supplementing  the  alfalfa  was  fed 
from  the  second  to  the  sixth  28-day  periods,  inclusive,  while  alfalfa 
alone  was  fed  during  the  first  and  last,  or  seventh,  28-day  periods. 

The  average  grade  of  the  shelled  com  used  was  No.  3  mixed. 
Northern-grown  oats  of  good  quality  and  a  very  high  grade  of  new- 
process  linseed  meal,  pea  size,  were  used.  The  alfalfa  was  native 
grown  and  of  fair  quality.  The  leaves  were  green  and  bright,  but 
the  stems  were  somewhat  woody.  Com  silage  was  from  corn  grown 
on  the  farm,  which  yielded  about  75  bushels  of  grain  to  the  acre. 

The  following  prices  for  feed  were  used  in  all  three  experiments: 

Corn per  bushel..  $0.  70 

Oats do .40 

Linseed  meal per  ton_  _  50.  00 

Corn  silage do 6.  00 

Alfalfa  hay do 15.  00 

The  foregoing  prices  represent  an  approximate  average  of  current 
prices  during  the  time  the  experiments  were  in  progress.  No  charges 
other  than  feed  are  made  against  the  cattle  in  presenting  the  cost  of 
gains,  as  it  is  estimated  that  under  farm  conditions  the  manure 
produced  should  offset  labor  and  other  costs,  including  interest. 
Prices  prevailing  at  the  time  should  be  used  in  any  case  where  the 
data  on  weights  and  feeds  presented  in  this  bulletin  are  applied  to 
an  individual  problem  to  determine  the  returns  which  one  may 
expect  from  one  or  more  of  the  four  systems  of  handhng  calves. 

WEIGHTS,  PHOTOGRAPHIC  RECORDS,  AND  APPRAISALS 

Accurate  records  were  kept  of  the  quantity  of  feed  the  cattle  con- 
sumed. Before  the  calves  were  weaned  the  grain  was  weighed  about 
every  three  days.  During  the  dry-lot  feeding  period  the  grain,  hay, 
and  com  silage  were  weighed  at  each  feeding  time,  morning  and 
evening.  Accurate  weights  of  each  animal  were  taken  at  the  begin- 
ning, at  28-day  intervals,  and  at  the  end  of  the  test. 

All  animals  were  photographed  at  the  time  calves  were  placed  on 
test,  at  weaning  time,  and  at  the  close  of  the  test.  Most  of  the 
pictures  were  groups  of  the  various  lots,  though  a  few  individual 
pictures  of  animals  from  each  lot  were  taken. 

All  lots  were  valued  at  weaning  time,  at  the  close  of  the  first 
84-day,  dry-lot  feeding  period,  at  the  end  of  the  second  84-day,  dry- 
lot  feeding  period,  and  at  the  close  of  the  test.  Two  commission 
merchants  from  the  Kansas  City  Stock  Yards  valued  the  cattle  on 
the  basis  of  what  they  would  bring  on  that  market. 
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GRADING  OF  CATTLE  AND  CARCASSES 

In  each  of  the  three  experiments  the  cattle  were  graded  by  a 
grading  committee  at  weaning  time  and  at  the  close  of  the  tests. 
The  carcasses  after  48  hours  in  the  cooler  were  graded  by  the  same 
committee,  except  in  the  second  experiment,  when  it  was  not  possible 
to  obtain  complete  grading  data.'* 

SLAUGHTER  DATA 

The  dressing  percentage  of  each  lot  was  obtained  at  the  time  the 
cattle  were  killed.  Two  calves  from  the  first  and  second  experiments 
were  sent  to  Chicago  for  the  quality-in-meats  exhibit  ^  at  the  Inter- 
national Livestock  Exposition  at  the  time  calves  were  weaned.  One 
calf  was  taken  from  lot  1  each  year.  In  1925  one  calf  was  taken 
from  lot  2  and  in  1926  one  was  taken  from  lot  3. 

In  1926,  when  steers  were  ready  to  be  marketed,  one  steer  was  taken 
from  lot  3  and  three  from  lot  2  for  exhibition  purposes.  In  1927, 
when  the  steers  were  about  ready  to  go  to  market,  one  calf  was  taken 
to  be  shown  from  each  of  lots  1,2,  and  4.  In  1928,  two  of  the  best 
calves  from  each  of  lots  1  and  3  and  the  best  calf  from  lot  4  were 
selected  for  exhibition.  Such  selections  had  a  tendency  to  lower  the 
dressing  percentage  of  the  lots  from  which  they  were  taken. 

DISCUSSION  OF  RESULTS 

INITIAL  WEIGHTS  AND  GAINS  OF  COWS 

In  Table  1  the  average  initial  weight  of  the  cows  in  each  experi- 
ment and  the  average  for  the  three  experiments  are  shown,  together 
with  their  gains  or  losses  in  weight  during  the  suckling  period.  While 
the  data  are  by  no  means  conclusive,  there  is  some  evidence  that  the 
cows  whose  calves  had  supplemental  feed  throughout  the  suckling 
period  made  greater  gains  than  those  whose  calves  had  either  no  sup- 
plemental feed  at  all  or  had  it  only  during  the  last  four  to  eight  weeks 
of  the  suckling  period.  The  weights  of  the  cows  whose  calves  were  in 
the  experiments  varied  considerably  from  year  to  year.  Since  the 
calves  were  divided  on  the  basis  of  age  and  breeding,  variation  in  the 
weights  of  their  dams  was  unavoidable.  For  instance,  at  the  begin- 
ning of  the  second  experiment,  the  dams  of  lot  1  averaged  186  pounds 
more  than  the  danis  of  lot  4,  but  when  the  3-year  average  for  the 
weights  of  the  cows  is  considered  there  is  less  than  50  pounds  difference 
among  the  lots. 

*  The  personnel  of  the  grading  committee  varied  from  time  to  time.  Those  from  the  Department  ol 
Agriculture  who  ptirticipated  in  the  grading  of  the  cattle  and  carcassas  were:  L.  B.  Burk,  D.  J.  Slater, 
and  W.  C.  Davis,  Bureau  of  Agricullunil  P:cononiics,  i\  S.  Maddox,  Bureau  of  Animal  Industry  (resigned), 
and  A.  T.  Edinger,  Bureau  of  Agricultural  P^cononiics  and  Bureau  of  Animal  Industry  (resigned),  smd  F.  G. 
King,  of  the  Animal  Husbandry  Department,  Purdue  University  Agricultural  Experiment  Station.  The 
cooperative  arrangements  and  direction  of  the  summarization  of  the  grading  records  were  in  charge  of 
O.  (}.  Hankins,  Bureau  of  Animal  Industry,  Department  of  Agriculture. 

»  The  quality-in-meats  exhibit  was  put  on  jointly  by  the  U.  S.  Department  of  Agriculture,  cooperating 
State  experiment  stations,  and  the  National  Livestock  and  Meat  Board. 
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Table  1. — Average  initial  weights  and  gains  of  cows  during  suckling  periods  in 

each  experiment 


Lot 

No. 

Experiment 

Cows 

Average 
initial 
weight 

Average 

gain  (+) 

or  loss 

(-) 

1925 

Number 
8 

7 
8 

Pounds 
1,090 
1,370 
1,023 

Pounds 

+17 

1 

■^1926 

—25 

1927                                                                                     

+60 

1,152 

+19 

fl925 

12 

18 
8 

1,164 
1,236 
1,193 

+101 

2 

h926-                           

+22 

[l927 

+19 

Average                                                             -    

1,193 

+55 

[1925                                      -     -. 

12 
9 

28 

1,187 
1,241 
1,119 

+6 

3 

Jl926                                                                                           

+16 

[l927 : 

+101 

Average 

1,185 

+35 

[1925                                                                                    

9 

7 

7 

1,245 
1,  184 
1,161 

-17 

4 

■^1926 

+19 

[1927.            

+57 

Average...             .      . . 

1,201 

+16 

1  Weights  are  given  for  eight  cows  only,  the  ninth  cow  having  died  Sept.  19,  presumably  on  account  of 
hemorrhagic  septicemia. 

2  One  cow  suckled  two  calves. 

COMPARISON  OF  FOUR  METHODS  OF  HANDUNG  SUCKUNG  CALVES 

Spring  steer  calves  averaging  from  2  to  3  months  of  age  were  divided 
into  four  lots  on  May  29,  1925,  June  30,  1926,  and  June  23,  1927, 
respectively,  for  the  three  experiments.  For  about  two  weeks  after 
the  beginning  of  each  experiment,  the  cows  and  calves  of  lot  3,  which 
were  separated,  were  rather  restless  on  that  account.  During  the 
first  month  of  the  first  experiment  most  of  the  calves  of  lot  3  scoured 
badly  and  some  continued  to  do  so,  from  time  to  time,  throughout 
the  suckling  period.  This  was  due  probably  to  their  getting  too 
much  milk  at  one  time.  Often  the  cows  and  calves  were  very  warm 
at  nursing  time.  The  calves  of  this  lot  seemed  to  suffer  more  from 
the  heat  during  July  and  August  than  the  calves  of  the  other  lots, 
which  were  with  their  dams. 

During  the  second  experiment,  less  trouble  was  experienced  with 
lot  3,  as  they  were  allowed  to  nurse  about  6.30  p.  m.,  1  hour  later  in 
the  evening  than  in  the  first  experiment.  Consequently  they  seemed 
to  stand  the  heat  better,  and  there  was  less  trouble  from  scouring. 
The  practice  of  giving  the  calves  castor  oil  when  they  scoured  seemed 
to  have  considerable  value  in  curing  the  trouble.  During  the  third 
experiment  little  scouring  occurred. 

During  the  second  experiment,  the  calves  of  lot  2  ate  more  feed  the 
fourth  period  than  thej^  did  the  last  period,  because  it  was  necessary 
to  move  them  to  another  pasture  where  the  creep  was  not  so  con- 
veniently located.  In  spite  of  this  irregularity  they  gained  more  the 
fifth  period  than  they  did  the  fourth.  The  reverse  was  true  in  the 
matter  of  feed  consumed  and  gains  made  by  lot  3. 

The  initial  ages  and  weights  of  the  four  lots  of  calves  in  each  experi- 
ment were  uniform,  and  the  variations  from  year  to  year  were  small. 
Consistent  variations  in  daily  gains  among  the  lots  occurred  each 
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year.  The  calves  getting  no  grain  made  markedly  less  gain  each  year 
than  the  calves  which  had  grain  the  last  four  to  eight  weeks.  This 
was  because  of  the  greater  gains  of  lot  4,  while  they  were  being  fed 
grain.  The  two  lots  having  grain  throughout  the  suckling  period 
made  noticeably  greater  gains  than  the  calves  which  had  grain  only 
the  last  four  to  eight  weeks.  The  differences  between  lot  2,  fed  in  a 
creep,  and  lot  3,  fed  in  a  separate  pasture  and  suckled  twice  daily, 
are  small  and  follow  no  general  trend.  However,  the  calves  of  lot  2, 
which  had  run  with  their  dams,  showed  a  tendency  toward  greater 
bloom,  even  though  they  had  made  no  greater  gain  than  the  calves 
of  lot  3,  which  were  separated  from  their  dams. 

Table  2. — Average  initial  and  final  weights  and  daily  gains  of  calves  for  the  three 
suckling  -periods  of  175,  I40,  and  168  days,  respectively 


Lot 
No. 

Period 

Calves 

Average 
age  at  be- 
ginning 

of 
period 

Average  weight 

Average 
daily  gain 

Average 

prified 
final 
value 

Initial 

Final 

May  30-Nov.  21,  1925 

Number 
8 

7 
8 

Days 
66 
76 
86 

Pounds 
192 
233 
239 

Pounds 

484 
492 
493 

Pounds 
1.67 
1.85 
1.51 

Dollars 
8.75 

1 

{June  30-Nov.  17,  1926 

8  50 

June  23-Dec.  8,  1927 

10  50 

Average 

73 

221 

490 

1.66 

9  29 

(May  30-Nov.  21,  1925  .     . 

12 
9 
8 

54 
79 
81 

193 
232 
241 

690 
673 
622 

2.26 
2.43 
227 

10.75 

? 

<  June  30-Nov.  17,  1926 

10  25 

Uune  23-Dec.  8,  1927... 

13.25 

Average 

69 

218 

693 

2.31 

11.32 

(May  30-Nov.  21,  192.') 

12 
9 
9 

66 
82 
81 

188 
240 
233 

645 
590 
646 

2.04 
2.49 
2.46 

9  75 

3 

■^June  30-Nov.  17,  1926 

10.00 

June  23-Dec.  8,  1927    

13.00 

71 

217 

588 

2.29 

10.84 

May  30-Nov.  21,  1925 

9 

7 

7 

63 
81 

77 

187 
226 
233 

609 
514 
546 

1.84 
2.05 
1.87 

9.25 

4 

Uune  30-Nov.  17,  192.5         

9.00 

June  23-Dec.  8,  1927 

11.00 

Average           . 

68 

212 

622 

1.91 

9.73 

The  appraised  values,  shown  in  Table  2,  were  lowest  each  year  for 
calves  fed  no  supplemental  grain,  and  next  to  the  lowest  for  the  calves 
fed  grain  in  the  last  four  to  eight  weeks.  In  each  experiment  the 
appraised  value  of  the  calves  in  lot  2  fed  in  a  creep  was  higher  than 
that  of  the  calves  in  lot  3,  which  were  kept  in  a  lot  away  from  the 
cows  and  allowed  to  nurse  twice  daily.  The  higher  appraisals  for  lot 
2  were  due  undoubtedly  to  their  greater  bloom.  The  much  higher 
appraisals  for  the  calves  which  were  fed  supplementary  grain  through- 
out the  suckling  period  are  caused  by  the  fact  that  most  of  them  were 
fat  enough  for  slaughter.  (Fig.  4 . )  Those  not  fat  enough  for  slaughter 
at  weaning  could  have  been  rendered  so  in  a  short  time.  On  the  other 
hand  the  two  lots  not  so  fed  weighed  from  60  to  100  pounds  less  and 
were  in  good  condition  for  feeders. 

A  representative  calf  from  lot  2,  the  creep-fed  lot  (fig.  5),  and  one 
from  lot  1,  the  no-grain  lot  (fig.  6),  were  slaughtered  at  weaning  time 
in  the  first  experiment.  The  market  weight  of  the  grain-fed  calf  was 
540  pounds  and  the  dressing  percentage  was  59.4;  the  weight  of  the 
calf  which  had  no  grain  was  410  pounds  and  the  dressing  percentage 
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was  55.     The  grain-fed  calf  was  fat  enough  to  grade  as  Good  beef, 
but  the  carcass  from  the  other  calf  was  too  vealy. 

The  average  rations  for  the  suckling  period  for  each  year,  as  well 
as  the  average  for  the  three  years,  are  shown  in  Table  3  for  each  of 
the  lots  (2,  3,  and  4)  receiving  supplemental  feed. 


Table  3. — Average  calf  ration  for  the  suckling  period 

in  each  experiment 

Experiment 

Period 

Quantity  of  rations  consumed 

Lot 
No.i 

Corn 

Oats 

Linseed 
meal 

Total 

(1925                                                  -             -     

Days 

175 
140 
168 

Pounds 
1.46 
3.50 
4.45 

Pounds 
0.64 
1.55 
1.90 

Pounds 

0.18 

.39 

.66 

Pounds 
2.28 

2 

n926 

5.45 

[l927 

7.01 

Average 

161 

2.86 

1.25 

.  37  ;            4  48 

fl925                        -      -     

175 
140 
168 

1.36 
3.38 

4.57 

.CO 
1.48 
1.97 

.15 

2.12 

3 

h926 

.41 
.62 

5.27 

11927 - 

7.16 

Average 

161 

2.88 

1.26 

. 36  1            4  50 

1925 - 

35 

28 
56 

1.02 
2.13 
4.63 

.41 
.86 
1.85 

.20 
.42 
.92 

1.63 

4 

{1926    

3  41 

1927 

7.40 

39 

2.83 

1.13 

.  56  1             4  F,^ 

1  Lot  1  is  not  included  because  the  calves  in  that  lot  were  not  fed  grain  during  the  suckling  periods. 


Figure  4.— Creep-fed  calves  (lot  2)  of  first  experiment  at  weaning  time 

It  is  notable  that  lot  4,  given  supplementary  feed  the  last  5,  4, 
and  8  weeks,  respectively,  of  the  three  suckling  periods,  had  an  aver- 
age daily  feed  consumption,  for  the  periods  grain  was  fed,  almost 
identical  with  that  of  lots  2  and  3. 

Average  daily  gains  and  rations  for  each  lot  during  each  28-day 
period,  while  the  calves  nursed  their  dams,  are  shown  in  Table  4. 
The  calves  of  lots  2  and  3,  which  were  creep-fed  throughout  the 
summer,  consumed  very  little  grain  during  the  first  two  28-day 
periods,  as  they  were  rather  young  and  were  getting  milk  enough  to 
satisfy  their  needs.  On  the  whole,  the  monthly  gains  were  unusu- 
ally uniform,  especially  in  lots  2  and  3.  Although  these  calves  more 
than  doubled  and  in  some  cases  nearly  tripled  their  weights  during 
the  suckling  period,  the  average  daily  gains  per  head  were  about  the 
same  throughout.  In  lot  1,  however,  which  had  no  grain,  the  rate 
of  gain  was  decidedly  downward  toward  the  end  of  the  period. 
6207°— 30 2 
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Figure  5.— An  average  creep-fed  calf  (lot  2)  at  weaning  time 


FiuLUK  U.  -All  average  culf  that  did  nul  receive  grain  (lot  1)  at  weaulug  liiuu 
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Table  4. — Average  daily  summer  feed  and  gains  per  head  per  28-day  period  for 
the  three  experiments,  based  on  the  total  number  of  calves  fed  and  the  total  gains 
made 


Average  daily  feed  and  gains  per  head  of  calves  in— 

Period  No. 

Lot  1  (with 

cows  on 

psisture), 

gain 

Lot  2  (with  cows  on  pas- 
ture, grain  in  creep) 

Lot  3  (suckled  twice 
daily,  grain  and  sep- 
arate pasture) 

Lot  4    (with   cows  on 
pasture,  grain  in  creep 
last  4  to  8  weeks,  aver- 
age 39  days) 

Feed 

Gain 

Feed 

Gain 

Feed             Gain 

1 

Pounds 
1.87 
1.87 
1.  ,56 
1.46 
1.60 
1.57 
1.25 

Pounds 
0.95 
2.35 
3.93 
6.09 
6.63 
7.71 
6.82 

Pounds 
2.09 
2.16 
2.54 
2.45 
2.50 
2.10 
2.02 

Pounds 
1.10 
2.45 
4.20 

5.88 
6.61 
7.51 
5.82 

Pounds 
2.20 
2.08 
2.23 
2.50 
2.54 
2.12 
2.20 

Pounds 

Pounds 
L91 

2 

2.00 

3 

1.72 

4 

1.52 

5  1 

12.59 

2  4.82 

2.05 

62    - 

2.40 

7  3 

3  4.00 

2.00 

1  In  the  second  and  third  experiments  lot  4  was  fed  during  the  fifth  28-day  period. 

2  In  the  first  and  third  experiments  lot  4  was  fed  during  the  sixth  28-day  period. 

3  In  the  first  experiment  lot  4  was  fed  a  seventh  period  of  seven  days. 


Figure  7.— This  shed  was  converted  into  creeps  for  use  in  these  experiments 


As  Table  4  shows,  the  consumption  of  feed  in  lots  2  and  3  began 
at  about  1  pound  a  day  during  the  first  month  and  increased  at  the 
rate  of  from  1  to  2  pounds  a  month  until  the  calves  were  eating 
nearly  8  pounds  a  head  daily  during  the  sixth  period.  The  calves  in 
lot  4,  begun  on  grain  about  four  months  later,  being  larger  and  more 
accustomed  to  eating,  consumed  2.6  pounds  of  feed  a  head  daily  during 
the  first  28  days  and  about  twice  as  much  during  the  second  28  days. 

CREEP  FEEDING  OF  CALVES 

Since  there  may  be  considerable  trouble  in  getting  the  calves  to 
eat  satisfactorily  when  creep-fed,  the  following  observations,  made  in 
conducting  these  experiments,  are  included. 

A  desirable  location  for  a  creep  is  near  the  watering  place  of  the 
cattle  and  near  the  shade  used  by  all  the  cattle.     (Fig.  7.)     When  a 
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creep  is  so  located,  calves  learn  more  readily  to  eat.  The  cattle  go 
to  water  at  least  once  a  day,  and  if  the  weather  is  warm  they  will 
probably  spend  considerable  time  in  the  shade.  If  the  creep  is  near 
both  of  these  places,  calves  60  days  old  usually  begin  to  eat  grain 
within  a  week.  If  the  arrangement  suggested  can  not  be  made, 
feeding  a  little  hay  near  the  creep  each  day  will  draw  the  cows  so 
near  that  the  calves  will  go  into  the  creep.  This  may  have  to  be 
done  for  perhaps  two  weeks.  In  case  it  is  not  advisable  to  feed  hay, 
the  cattle  may  be  herded  around  the  creep  for  a  short  time  each  day 
until  the  calves  come  up  of  their  own  accord,  and  go  to  the  creep  at 
about  the  same  time  each  day.  At  first  they  may  go  to  the  creep 
only  once  a  day,  but  after  they  have  been  eating  for  a  month  or  so 
they  usually  go  regularly  about  twice  daily  and  later  they  may  visit 
the  creep  four  or  five  times  a  day. 

FEEDING  CALVES  IN  DRY  LOT  AFTER  WEANING 

The  calves  which  were  fed  grain  from  the  beginning  of  each  experi- 
ment until  weaning  were  fat  enough  for  slaughter  at  that  time. 
However,  they  and  also  the  other  lots  were  full-fed  in  dry  lots  for  196 
days,  thus  providing  a  comparison,  during  the  latter  feeding  period, 
of  the  calves  which  had  been  handled  by  the  four  methods.  The 
196-day  period  was  adopted  in  order  that  all  the  lots  of  calves  might 
be  in  very  acceptable  market  condition  when  sold  for  slaughter. 

Immediately  after  weaning,  each  lot  of  calves  was  put  into  dry  lot, 
with  shed  for  shelter,  and  full  feeding  was  begun.  The  number  of 
calves  in  the  various  lots  during  the  suckling  period  and  the  subse- 
quent fattening  period  does  not  necessarily  coincide  because  some 
calves  were  removed  at  weaning  time  for  use  as  show  animals  or  for 
other  reasons.  One  calf  in  lot  3  of  the  second  experiment  died,  and 
the  records  were  adjusted  by  deducting  feed  in  proportion  to  its  live 
weight  for  the  time  that  it  was  in  the  experiment. 

The  average  feeder-cattle  grades,  initial  and  final  weights,  and  daily 
gains  for  each  lot,  each  year  and  for  three  years,  are  given  in  Table  5. 

Table  5. — Average  feeder-cattle  grades,  initial  and  final  weights,  and  daily  gains 
of  calves  for  the  three  fattening  'periods  of  196  days  each 


Trf>t 

Experiment 

Calves 

Feeder- 
cattle 
grading  i 

Average  weight 

Average 

No. 

Initial 

Final 

daily  gain 

1925-26 

Number 

8 
7 
8 

Per  Cent 
89.3 
86.0 
84.1 

Pounds 
484 
492 
493 

Pounds 
908 
915 
956 

Pound* 
2.16 

1 

■  1926-27 

2.16 

1927-28 

2.38 

Average 

86.6 

490 

927 

2.23 

1925-26 

11 
9 
6 

9L9 
89.1 
90.6 

691 
673 
638 

1,015 

993 

1.012 

2.16 

7. 

^926-27 

2.14 

1927-28 

1.91 

Average 

90.6 

696 

1.007 

2.10 

(1925-26                                                               .     .  . 

12 
7 
8 

88.3 
88.8 
90.0 

644 
680 
648 

953 

968 

1.019 

2.09 

3 

^926-27. 

1.98 

11927-28 

1.89 

Average 

88.9 

684 

976 

2.00 

fl925-26 

9 

7 
7 

88.0 
86.2 
86.1 

609 
614 
646 

918 
964 
966 

2.09 

4 

^926-27     

2.29 

U927-28.. 

2.14 

Average 

86.9 

622 

947 

2.17 

See  Table  12,  footnote  2,  for  interpretation  of  grade  values. 
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The  superior  condition  of  lots  2  and  3,  which  had  been  fed  grain 
during  the  suckHng  period,  is  reflected  in  their  higher  grades  as  feeders 
as  well  as  their  higher  appraised  value  as  given  in  Table  2.  The  lots 
which  had  made  larger  gains  while  suckling  show  a  tendency  to  make 
smaller  gains  in  the  feed  lot  after  weaning.  Lot  4,  however,  which  had 
been  fed  for  a  few  weeks  before  weaning,  made  almost  as  much  gain 
as  lot  1,  which  had  no  supplemental  feed.  While  lots  2  and  3  had 
made  almost  exactly  the  same  summer  gain,  lot  3  gained  one-tenth 
of  a  pound  less  daily  during  the  dry-lot  fattening  period.  Although 
lots  1  and  4  made  better  gains  in  the  feed  lots  after  weaning  than 
lots  2  and  3,  they  weighed  from  30  to  80  pounds  less  and  dressed 
aboufc  1.5  per  cent  less  at  the  end  of  the  experiment,  as  shown  in 
Table  12.  The  sale  prices,  however,  were  very  nearly  the  same,  lot  2 
having  a  slight  advantage,  and  being  followed  by  lot  1. 

With  one  exception,  the  heaviest  calves  each  year  were  in  lot  2,  the 
next  heaviest  in  lot  3,  the  next  in  lot  4,  and  the  lightest  in  lot  1, 
although  the  average  daily  gain  of  the  four  lots  for  the  three  experi- 
ments varies  less  than  one-fourth  of  a  pound  per  calf.  The  production 
of  cattle  weighing  1,000  pounds  at  from  14  to  15  months  of  age  was 
more  often  realized  when  they  were  fed  grain  during  the  greater  part 
of  the  sucking  period. 

Table  6  shows  the  average  daily  gains  by  28-day  periods  for  the 
three  experiments  combined.  The  gains  of  the  four  lots  for  each 
28-day  period  are  strikingly  uniform,  lots  1  and  4  usually  being  some- 
what higher  than  lots  2  and  3,  except  for  the  first  period.  In  each  lot 
the  gains  increased  in  general  from  the  beginning  to  the  middle  of 
the  fattening  period  and  then  decreased  toward  the  end.  The  effect 
of  creep  feeding  before  weaning  is  very  evident  during  the  first 
28-day  period.  The  calves  which  had  been  fed  grain  before  weaning 
(figs.  8  and  9)  gained  considerably  more  than  the  calves  weaned 
before  they  learned  to  eat  grain.  Their  gains  were  more  economical, 
however,  as  they  ate  only  about  one-half  to  two-thirds  as  much  grain 
as  the  calves  which  were  accustomed  to  eating  grain. 

Table  6. — Average  daily  winter  gains  per  head  per  28-day  period  for  the  three 
experiments,  based  on  the  total  number  of  calves  fed 


Average 

daily  gains  per  head  of  cr 

.Ivcs  in— 

Period  No. 

Lot  1  (with 
cows  on 
pasture) 

Lot  2  (with 

cows  on 

pasture, 

grain  in 

creep) 

Lot  3  (suck- 
led twice 

daily,  grain 
and  sepa- 
rate pas- 
ture) 

Lot  4  (with 
cows  on 
pasture, 
grain  in 
creep  last 

4  to  8  weeks, 
average 
39  days) 

1                                                                            

Pounds     \     Pounds 
L49  1             L81 
2.  37                2. 16 
2.38                2.34 
2.75                2.26 
2.  68  i              2.  30 
2.  23                2.  37 
1.  73                1.  45 

Pounds 
L89 
2.08 
2.25 
2.07 
2.10 
2.03 
1.58 

Pounds 
L67 

2 

2.16 

3                                                         

2.40 

4                                                                                                -   -- 

2.47 

5                                           .-     --   

2.49 

6                                                              -- 

2.19 

1.79 

RESULTS  OF  FEEDING  DURING  FIRST  84  DAYS  AFTER  WEANING 

Since  calves  fed  grain  as  scon  as  they  would  eat  it  were  fat  enough 
for  slaughter  when  weaned,  the  length  of  time  that  they  may  be 
profitably  fed  thereafter  is  pertinent.     Table  7  summarizes  rations, 
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gains,  and  appraised  values  for  the  first  84-day  period  after  the  calves 
were  weaned.  As  in  the  case  of  the  suckling  period,  the  calves  were 
fed  considerably  more  grain  the  second  year  than  the  first  and  more 
the  third  than  the  second.  The  daily  gains,  however,  did  not  increase 
proportionately.     In  addition,  silage  was  fed  during  the  second  and 


m 

Figure  8.— Creep-fed  calves  of  the  first  experiment  ;  fter  190  days  of  dry-lot  feeding 


Ki(;i;hk  9.— An  average  steer  that  hud  been  creep-fed  before  weaning  after  19C  days'  feeding 

in  dry  lot 

third  experiments.  These  larger  rations  of  grain  and  the  addition 
of  small  quantities  of  silage  were  accompanied  by  a  slightly  smaller 
consumption  of  alfalfa.  Although  lots  2  and  3  consumed  from  1.5 
to  2.75  pounds  more  grain  per  head  daily  during  the  first  84  days 
than  lots  1  and  4,  the  average  daily  gains  for  the  three  years  com- 
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bined  are  almost  identically  the  same.  As  was  the  case  at  weaning 
time,  lots  2  and  3  were  valued  considerably  higher  than  lots  1  and  4, 
indicating  that  lots  2  and  3  continued  to  be  acceptable  for  beef  while 
lots  1  and  4  had  scarcely  reached  that  stage  of  development. 


Table  7. 


-Average  daily  ration  and  daily  gain  for  the  first  84  days  of  the  three 
fattening  periods 


Lot 

Experiment 

Quantity  of  rations  consumed 
daily 

Average 
daily  gain 

Average 

appraised 

value 

No. 

Grain 

Alfalfa 
hay 

Corn 
silage 

[1925-26 

Pounds 
6.78 
8.50 
11.86 

Pounds  , 
4.14 
4.07 
3.77  , 

Pounds 

Pounds 
1.87 
2.01 
2.35 

Dollars 
9.25 

1 

a926-27.-     -                           

2.33 
5.56 

9.60 

1927-28 

12.00 

Average 

9.07 

3.99' 

2.08 

10.32 

11925-26 

10.95 
12.66 
14.50 

3.26 
3.04 
3.23 

1.97 
2.22 
2.17 

11.00 

? 

h926-27- - 

1.86 
4.23 

11.50 

U927-28 

13.25 

Average 

12.36 

3.16    

2.10 

11.72 

(1925-26 

10.12 
12.28 
13.48 

3.45  i 
2.64 
2.35  1 

2.02 
2.22 
2.02 

10.00 

3 

■1 1926-27 

1.74 
3.28 

10.75 

1927-28 

13.25 

Average -. 

11.67 

2.89  i 

2.07 

11.23 

11925-26                             

7.61 
10.56 
13.79 

3.77  : 
3.94  1 
2.52  I 

1.74 
2.23 
2.36 

9.25 

4 

< 1926-27 

2.32 
5.54 

10.00 

1927-28 

11.00 

10.39 

3.44 

2.08 

10.05 

The  greater  feed  consumption  in  lots  2  and  3  without  correspond- 
ingly greater  daily  gains  resulted,  as  shown  in  Table  8,  in  less  economical 
gains  than  in  lots  1  and  4. 

Table  8. — Average  quantities  of  feed  required  and  cost  of  100  pounds  gain  per 
28-day  period  for  the  three  experiments,   1925-26,  1926-27,  and  1927-28 


Lot  4 

Lotl 

Lot  2 

(with 

Lot  3 

(suckled 

twice 

daily, 

grain  and 

separate 

pasture) 

(with 
cows  on 
pasture. 

Period  No. 

Kind  of  feed 

(with 
cows  on 

cows  on 
pasture, 

gram  m 
creep  last 

pasture) 

gram  m 
creep) 

4  to  8 
weeks, 
average 

39  days) 

Grain. 

pounds- . 

369 

552 

634 

491 

1 

■^Alfalfa 

Cost       

do..-. 

dollars.. 

268 
7.14 
392 

182 

9.03 

565 

159 

8.61 

638 

216 

8.44 

(Grain 

pounds  -  - 

477 

Alfalfa 

do— - 

194 

162 

144 

176 

2 

1  Silage 

do 

114 
7.23 

56 
9.23 

68 
8.72 

106 

Cost 

dollars-  - 

8.27 

fGrain...  

pounds- 

517 

632 

609 

529 

Alfalfa 

do—. 

143 

115 

116 

125 

3- 

do 

223 

8.92 
516 

154 

10.10 

686 

133 

204 

Cost     

doUars.- 

9.  73              8. 90 

fGrain 

pounds-- 

729. 

583 

Alfalfa 

do—. 

113 

111 

136 

113 

1  Silage     -  --  

do.-. 

215 

204 

179 

223 

Cost              - 

dollars— 

8.66 

10.97 

n.68 

9.62 

fGrain.--  

pounds.. 

590 

735 

748 

647 

Alfalfa 

--do— 

138 

117 

129 

124 

1  Silage.-  

do..- 

157 

117 

90 

120 

Cost     

dollars.. 

9.70 

1L44 

1L63 

10.28 

Grain 

pounds. . 

740 

717 

778 

758 

6                    

jAlfalfa 

ISilage 

do.... 

do.-. 

157 
49 

127 
38 

138 
30 

160 
46 

Cost 

dollars.. 

n.6i 

n.02 

11.93 

11.87 

Grain 

pounds.. 

965 

1,152 

987 

933 

— 

Ulfalfa 

Cost - 

do-.-. 

-—dollars.. 

214 
15.00 

214 
17.  60 

177 
15.04 

201 

14.47 
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The  quantities  of  feed  required  to  produce  100  pounds  of  gain  during 
the  first  3  periods,  or  84  days,  were  so  small  that,  with  one  exception, 
the  cost  of  100  pounds  gain  for  each  lot  was  less  than  $10.  The 
quantities  of  grain  required  varied  from  369  to  632  pounds,  the  alfalfa 
hay  from  115  to  268,  and  the  silage  from  56  to  223. 

With  feed  requirements,  gains,  and  conditions  similar  to  those 
which  existed  during  these  experiments,  there  is  a  good  margin  of 
profit  in  finishing  the  calves  and  little  justification,  ordinarily,  in 
selling  cattle  of  this  kind  fed  only  84  days  after  weaning. 

RESULTS  OF  FEEDING  DURING  ENTIRE  FATTENING  PERIOD 

The  problem  of  feeding  longer  than  168  days  in  these  experiments 
involved,  however,  much  greater  costs  after  that  time.  There  was  a 
general  tendency  for  cost  of  gain  to  increase  as  the  feeding  period 
advanced.  This  increase  was  particularly  rapid  after  168  days  of 
feeding.  In  fact,  the  cost  of  gains  in  the  seventh  and  last  period  was 
practically  twice  as  great  as  it  was  in  the  first  period.  The  advisa- 
bility of  feeding  calves  more  than  168  days,  especially  those  which 
had  grain  while  nursing,  depends  on  feed  costs  and  market  values  of 
cattle. 

Tables  9  and  10  show  the  average  ration  for  the  three  fattening 
periods  of  196  days  each  and  the  average  for  each  lot  for  the  three 
years  combined.  While  lots  2  and  3  ate  almost  identically  the  same 
quantities  of  feed  while  nursing,  lot  2  consumed  more  during  the 
winter  period.  (Table  10.)  Table  6  shows  that  the  gains  of  lot  2, 
in  general,  were  slightly  greater  than  those  made  by  lot  3.  Lots  2 
and  3  consumed  more  grain  then  lots  1  and  4  but  less  silage  and  alfalfa, 
so  that  the  quantities  of  dry  matter  consumed  were  very  nearly  the 
same  for  all  lots. 

Table  9. — Average  ration  of  calves  for  the  three  fattening  periods  of  196  days  each 


Experiment 

Quantity  of  rations  consumed 

Lot  No. 

Grain 

Alfalfa 
hay 

Com  si- 
lage 

fl925-26 

Pounds 
12.05 
12.61 
14.08 

Pounds 
4.05 
3.00 
4.01 

Pounds 

1 

■{1926-27 

4.27 

1927-28              .                  

3.64 

Average     . 

12.93 

3.68 

1926-26 

14.90 
14.92 
14.16 

3.03 
2.12 
4.14 

2 

1926-27                         .                               ... 

3.49 

1927-28 - 

2.87 

Average 

14.74 

2.97 

1925-26                               -                 .... 

13.66 
14.12 
14.06 

3.19 
1.78 
3.15 

3 

1926-27 

3.29 

1927-28          

2. 18 

13.90 

2.81 

(1925-26 

12.50 
14.24 
14.28 

3.76 
2.77 
3.40 

4 

■  1926-27                  

4.26 

1927-28                                                       

3.60 

13.57 

3.35 
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Table   10. — Average  winter  ration  of  calves  for  the  seven  periods  of  the  three 
experiments,  1925-26,  1926-27,  and  1927-28 


Period  No. 


1 
2 
3 
4 

5 

6 

7 


Feed 


/Grain. 
\  Alfalfa 
( Grain - 
]  Alfalfa 
[ Silage - 
(Grain. 
■^Alfalfa 
iSilage- 

I  Grain - 
Alfalfa 
Silage - 
(Grain. 
■^Alfalfa 
ISilage. 
(Grain. 
■^Alfalfa 
ISilage. 
/Grain. 
lAlfalfa 


Average  winter  rations  consumed  by 


Lot  1 
(with  cows 
on  pas- 
ture) 


Lot  2 
(with  cows 

Lot  3 

(suckled 

twice 

on  pas- 
ture, 
grain  in 
creep) 

daily, 
grain  and 
separate 
pasture) 

Pounds 

Pounds 

10.0 

10.1 

3.3 

3.0 

12.2 

11.2 

3.5 

3.0 

1.2 

1.3 

14.8 

13.7 

2.7 

2.6 

3.6 

3.0 

15.5 

15.1 

2.5 

2.8 

4.6 

3.7 

16.9 

15.7 

2.7 

2.7 

2.7 

L9 

17.0 

15.8 

3.0 

2.8 

.9 

.6 

16.7 

15.6 

3.1 

2.8 

Lot  4 
(with  cows 
on  pas- 
ture, 
grain  in 
creep  last 
4  to  8 
weeks, 
average 
39  days) 


Pounds 
8.2 
3.6 

10.3 
3.8 
2.3 

12.7 
3.0 
4.9 

14.4 
2.8 
5.5 

16.1 
3.1 
3.0 

16.6 
3.5 
1.0 

16.7 
3.6 


Because  it  was  their  first  grain  feeding,  lot  1  ate  very  much  less 
grain  per  head  than  the  other  lots  during  the  first  28  days  after 
weaning.  The  difference  is  much  less  the  second  28  days,  particu- 
larly in  comparison  with  lot  4.  After  the  second  28  days,  lots  1  and  4 
consumed  very  nearly  the  same  quantity  of  feed. 

In  Table  11  the  quantities  of  feed  consumed  and  the  cost  per  100 
pounds  of  gain  for  the  three  fattening  periods  are  shown.     Lot  1 


Table  11 


-Average  quantities  of  feed  required  and  cost  of  100-pound  gain  for 
entire  fattening  period  in  the  three  experiments 


Lot  No. 

Experiment 

Average  quantity  of  rations 
consumed 

Cost  of 

100-pound 

gain 

Grain 

Alfalfa 
hay 

Corn 
silage 

(192^26 

•^1926-27 

[1927-28 :.... 

Pounds 
558 
584 
596 

Pounds 
187 
139 
170 

Pounds 

Dollars 
9.14 

1 

197 
154 

9.74 
10.02 

Average 

579 

167 

9.64 

(1925-26 

h926-27 

688 
697 
741 

140 
99 
217 

10.  61 

2 

163 
150 

10.91 

(1927-28 

12.37 

Average 

(1925-26 

702               142 

11.09 

655               153 
713                90 
744               167 

10.24 

3 

n926-27 

166 
115 

11.07 

1927-28 

11.93 

Average 

695  j            141 

10.93 

(1925-26 

600 
620 
667 

181 
120 
l.'iS 

---- 
168 

9.69 

4 

n926-27 

10.07 

11927-28 -- 

10.94 

Average 

626               155 

10.19 
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made  appreciably  more  economical  gains  than  anv  of  the  other  lots, 
with  lot  4  ranking  second,  lot  3  third,  and  lot  2  last.  For  the  second 
and  third  years,  however,  lot  3  required  slightly  more  grain  but  less 
alfalfa  and  silage  than  lot  2.  In  every  case  with  the  prices  of  feed 
used,  the  cost  of  100  pounds  of  gain  is  considerably  less  than  the  sale 
price  of  the  cattle. 

FEEDER,  SLAUGHTER,  AND  CARCASS  GRADES 

Table  12  shows  the  variation  in  grade  which  occurred  among  the 
individual  animals  and  carcasses,  and  also  the  relationships  between 
the  feeder,  slaughter,  and  carcass  gradings. 

Table   12. — Feeder-cattle,  slaughter-cattle,  and  beef-carcass  gradings  for  the  indu 
vidual  animals  in  the  three  experiments 

LOT  NO.  1 


1925-26 

i                    1926-27  1 

1 

1927-28 

Animal 
No. 

Feeder- 
cattle 
grad- 
ing 2 

Slaugh- 
ter- 
cattle 
grad- 
ings 

Beef- 
carcass 
grad- 
ing 3 

Animal 
No. 

Feeder- 
cattle 
grad- 
ing 2 

Slaugh- 
ter- 
cattle 
grad- 
ings 

Animal 
No. 

Feeder- 
cattle 
grad- 
ing 2 

Slaugh- 
ter- 
cattle 

Beef- 
carcass 

66B3B 

98A1B 

104A3B 

113B1C..-. 

217A4 

283A2 

479A1A 

92.5 
93.4 
87.4 
89.1 
91.7 
86.4 
86.4 
87.3 

83.6 
84.6 
88.6 
86.4 
91.7 
80.5 
75.9 
79.7 

85.4 
87.5 
87.5 
83.3 
90.8 
86.1 
80.8 
83.9 

36A7 

49A3 

223B2 

263A1A-.. 

468A5 

568XA.... 

91.2 
85.6 

87.4 
88.4 
87.9 
80.6 

89.7 
82.4 
85.4 
82.2 
78.9 
75.8 

116A5 

148B1B1.. 
189A3A1-. 
219A4B-.. 

468A5 

624C 

83.9 

84.7 
80.4 
82.7 
82.4 
84.7 

83.7 
86.8 
88.0 
82.0 
81.2 
81.9 

85.1 
88.7 
85.5 
79.6 
84.5 
84.5 

361B1B 

1 

i 

LOT  NO.  2 


30A1A1-  — 

90.7 

86.9 

86.7 

36A1A1... 

92.8 

90.2 

j  13A1B 

87.4 

84.5 

86.g 

49A1A1 

92.5 

93.0 

90.1 

80A1C 

90.7 

86.4 

148C4 

88.6 

85.2 

86.0 

80A1A 

93.7 

90.6 

90.3 

122A2A-.. 

90.1 

84.6 

i  166A2A--. 

88.5 

84.6 

86.0 

100A3 

89.1 

80.9 

87.6 

232B2 

88.1 

91.3 

194D2 

91.1 

82.4 

87.6 

195A1B 

93.2 

90.5 

92.0 

412A1 

90.4 

84.3 

'  261A1:.... 

93.5 

88.0 

87.8 

228E 

84.9 

78.6 

82.9 

600B1 

91.6 

90.1 

286B1 

93.9 

91.9 

87.3 

232A1B 

96.9 
83.9 

87.4 
82.6 

88.6 
83.4 

624B 

680Q 

93.6 
75.6 

79.3 

77.7 

602G .- 

LOT  NO.  3 


13A1A 

88.0 

91.8 

92.7 

32A2A2... 

90.7 

91.7 

39D4 

89.6 

88.0 

86.2 

39D4 

86.4 

81.7 

88.4 

98A1C 

86.1 

87.0 

138D2 

86.3 

87.1 

88.2 

63C2 

95.6 

88.8 

8.").  7 

141A1A1.. 

92.4 

90.6 

163  A  IB... 

83.1 

84.3 

85.7 

72B4 

89.6 

89.9 

90.1 

226A2A... 

88.0 

81.3 

221B1A.-. 

93.6 

85.0 

88.1 

80A1A1 

91.2 

89.5 

89.4 

236A1 

92.4 

86.4 

261B3 

93.6 

86.5 

88.8 

lOOAlB.... 

.  86.5 

77.7 

81.8 

5840 

86.0 

80.6 

336B1A... 

90.2 

85.5 

86.4 

122B2 

87.9 
89.9 
81.2 
89.3 
80.3 

85.2 
81.1 
80.1 
82.0 
75.6 

86.2 
84.2 
83.0 
85.7 
83.3 

6020 

87.1 

79.9 

179A3  .     -- 

358A4 

471 A2 

644Q 

1  Arrangements  could  not  be  made  to  have  the  carcasses  of  the  1926-27  calves  "ribbed  down."  It  was 
impossible  therefore  to  grade  the  marbling,  amount  of  internuiscular  fat,  texture  of  lean,  firmness  of  lean, 
and  color  of  lean  for  those  carcasses.  Owing  to  the  incomplete  data  the  carcass  gradings  for  the  1926-27 
cattle  are  not  shown. 

2  P'eeder  cattle  grading  from  96.7  to  100  are  regarded  as  high  Selected  in  grade,  93.4  to  96. 6  middle  Selected, 
90.1  to  93.3  low  Selected,  86.7  to  90  high  Choice,  83.4  to  86.6  middle  Choice,  80.1  to  8,3.3  low  Choice,  76.7  to 
80  high  (lood,  73.4  to  76.6  middle  (lood,  70.1  to  73.3  low  Oood,  etc. 

3  Slaughter  cattle  and  carcH.ss  gradings  represented  by  values  from  96.7  to  100  are  considered  as  high  Prime, 
93.4  to  90.6  middle  Prime,  90. 1  to  93.3  low  Prime,  86.7  to  90  high  Choice,  83.4  to  86.6  middle  Choice,  80.1  to 
83.3  low  Choice,  76.7  to  80  high  Good,  73.4  to  76.6  middle  Good,  70.1  to  73.3  low  Good,  etc. 
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Table  12. — Feeder-cattle,  slaughter-cattle,  and  beef-carcass  gradings  for  the  indi- 
vidual animals  in  the  three  experiments — Continued 

LOT  NO.  4 


1925-26 

1926-27  1 

1927-28 

Animal 
No. 

Feeder- 
cattle 
grad- 
ing 2 

Slaugh- 
ter- 
cattle 
grad- 
ing 3 

Beef- 
carcass 
grad- 
ing 3 

Animal 
No. 

Feeder- 
cattle 
grad- 
ing 2 

Slaugh- 
ter- 
cattle 
grad- 
ing 3 

Animal 
No. 

Feeder- 
cattle 
grad- 
ing 2 

Slaugh- 
ter- 
cattle 

Beef- 
carcass 
grad- 
ing' 

36A6 

53B1A 

72B4 

147A5 

180A1B 

222B3 

345A1A 

87.4 
85.2 
90.8 
87.6 
90.6 
86.9 
90.5 
79.2 
94.2 

87.5 
77.0 
80.5 
82.2 
81.0 
80.2 
83.1 
71.6 
87.9 

89.9 
80.4 
84.3 
79.2 
88.9 
80.0 
86.1 
71.5 
81.3 

36A1B.... 
153A1A... 

194D2 

378A1A-- 

530G 

564B 

90.5 
79.7 
89.1 
90.8 

78.2 
84.7 

88.4 
87.9 
87.6 
89.3 
79.0 
79.6 

36A1D...- 
49A1A2_._ 

53C3 

306B2 

568XB.... 
571A1 

85.1 
83.9 
90.5 
90.4 
76.2 
86.1 

84.2 
82.8 
84.6 
84.4 
80.3 
86.5 

85.5 
84.2 
86.3 
85.2 
8Z6 
90.0 

614XG 

624A1 



1                       i 



Analysis  of  the  data  shows  that  the  87  feeders  varied  from  high 
Selected  to  middle  Good  in  grade,  the  same  animals  as  slaughter 
cattle  varied  from  low  Prime  to  low  Good,  and  the  60  carcasses 
representing  the  first  and  third  experiments  from  low  Prime  to  low 
Good.  The  distribution  of  the  feeder,  slaughter,  and  carcass  gradings 
is  shown  in  Table  13. 


Table  13. — Distribution  of  gradings  of  87  feeder  and  slaughter  cattle  and  60  beef 
carcasses,  of  animals  used  in  the  three  experiments 


Grade 

Feeder 

cattle 

(87  head) 

Slaugh- 
ter cattle 
(87  head) 

Beef 
carcasses 
(60  head) 

Grade 

Feeder 

cattle 

(87  head) 

Slaugh- 
ter cattle 
(87  head) 

Beef 
carcasses 
(60  head)  j 

High  Prime  i 

Middle  Prime 

Per  cent 
L2 
10.3 
27.6 
26.4 
20.7 

Per  cent 
0 
0 

12.6 
20.7 
25.3 

Per  cent 
0 
0 
10 

28.3 
40 

Low  Choice 

High  Oood 

Percent 
8 

3.5 
2.3 
0 

Per  cent 

25.3 

1L5 

3.4 

1.2 

Per  cent  | 
15 
5 

Low  Prime 

Middle  Good 

Low  Good 

0 

High  Choice. -- 

L7 

Middle  Choice 

The  feeder  grade  corresponding  to  Prime  at  slaughter  and  in  carcass  is  called  Selected, 

Since  carcass-grading  data  were  not  obtained  in  the  second 
experiment,  1926-27,  it  is  not  possible  to  compare  directly  the  vari- 
ability of  the  carcass  grades  with  that  of  the  feeder  and  slaughter 
cattle  grades  representing  the  three  years'  work. 

The  data  in  Table  12  show  further  that  in  44  of  the  60  cases  there 
was  a  difference  of  3.3  points  or  less  between  the  slaughter-cattle 
and  beef -carcass  gradings.  It  should  be  noted  that  3.3  points  is  the 
range  of  value  representing  the  smallest  grade  unit  recognized  in 
the  work,  this  unit  being  one-third  of  a  full  grade.  Thus  in  44  of 
60  cases  the  difference  fell  within  the  limits  of  one-third  of  a  grade. 
Of  the  16  additional  cases  13  showed  a  difference  between  3.4  and 
6.6  points,  inclusive,  and  the  three  others  between  6.7  and  10  points; 
7.9  points  was  actually  the  upper  hmit  of  the  differences.  These 
results  are  a  measure  of  the  accuracy  with  which  the  committee 
found  it  possible  to  visualize  carcass  gradings  in  slaughter  cattle. 

Study  of  the  relation  between  feeder  cattle  and  carcass  gradings 
shows  that  in  27  of  the  60  cases  there  was  a  difference  of  3.3  points 
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or  less;  in  25  cases  a  difference  of  3.4  to  6.6  points,  inclusive;  in  7 
cases  a  difference  of  6.7  to  10  points,  inclusive,  and  in  1  case  a  differ- 
ence of  12.9  points.  The  maximum  difference  was  6.4  points  where 
increase  in  grade  occurred  from  feeder  to  carcass.  The  38  cattle 
with  feeder  grades  of  high  Choice  and  higher  showed  an  average 
decline  of  3.9  points  from  feeder  grade  to  carcass  grade,  while  the 
22  cattle  with  feeder  grades  of  middle  Choice  and  lower  showed  an 
average  increase  of  0.3  point.  These  results  suggest  that  less  favor- 
able conditions  are  required  for  the  maintenance  or  increase  of 
grade  of  low-grading  than  of  high-grading  feeders. 

Study  of  the  relation  between  feeder  and  slaughter  cattle  grades 
for  the  87  cases  gives  results  in  general  agreement  with  those  per- 
taining to  the  feeder-carcass  relationship.  The  57  cattle  with 
feeder  grades  of  high  Choice  and  higher  showed  an  average  decline 
of  4.5  points  from  feeder  to  slaughter  grades,  while  the  30  lower- 
grading  feeders  showed  an  average  decline  of  only  1.8  points  from 
feeder  to  slaughter  grades. 

AVERAGE    RESULTS    OF    GRADING,    MARKETING,    AND    SLAUGHTER 

Table  14  summarizes  the  grades  of  the  feeder,  slaughter  cattle, 
and  carcasses,  and  the  market  and  slaughter  data  w^hich  were  obtained 
from  each  experiment.  The  average  final  weights  by  lots  are  also 
shown  for  the  cattle  on  which  complete  grading  and  marketing  data 
are  available.  The  shrinkage  from  farm  weights  to  market  weights 
is  surprisingly  uniform.  Usually  several  days  elapsed  between  the 
end  of  the  experimental  feeding  and  the  time  of  shipment.  Lots  2 
and  3,  which  had  been  fed  grain  during  the  suckling  period,  main- 
tained to  a  large  extent  the  advantage  in  grade  which  they  had  as 
feeders  at  the  beginning  of  the  winter  fattening  periods,  over  lots 
1  and  4,  w^hich  had  little  or  no  grain  during  the  suckling  period. 
Although  the  advantage  in  grade  was  largely  maintained  by  lots  2 
and  3  the  averages  show  that  in  general  there  was  a  tendency  toward 
a  slight  decline  from  feeder  to  slaughter  and  carcass  grades.  This 
decline  was  approximately  one-third  of  a  grade.  In  other  words, 
choice  to  selected  feeders  produced  choice  slaughter  cattle  and 
carcasses  after  being  on  full  feed  196  days. 
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Table   14. — Annual  grading,  marketing,  and  slaughter  data  for  each  lot  of  calves  and 
averages  for  the  three  experiments 


T>ot 

Experiment 

Calves 
mar- 
keted 1 

Final 
feed- 
lot 
weight 

Shrink- 
age per 
head  2 

Dress- 
ing per- 
cent- 
age 3 

Sale 

price 

per  100 

pounds 

Live-cattle 
grading 

Carcass 
grad- 
ing 

No. 

Feeder 

Slaugh- 
ter 

1925-26 

Num- 
ber 
8 
6 
6 

Pounds 
908 
926 
965 

Pounds 
31 
43 

25 

61.1 
63.2 
62.5 

Dollars 
10.99 
12.65 
15.01 

89.3 
86.6 
83.1 

83.7 
82.4 
83.8 

86  6 

1 

1926-27  * 

1927-28 

84.6 

Average 

931 

33 

62.2 

12.74 

86.3 

83.3 

1925-26 

8 
8 
6 

1,017 
1,019 
1,012 

40 
41 
22 

63.3 
64.6 
63.9 

11.03 
13.10 
15.24 

90.6 
89.1 
90.6 

87.4 
85.5 
86.1 

87.5 

9, 

•  1926-27- 

1927-28 :.... 

86.9 

Average . 

1,016 

35 

63.9 

12.94 

90.1 

86.3 

[1925-26 

11 

7 

956 

994 

1,020 

51 
32 
15 

63.2 
64.3 
63.7 

10.83 
12.85 
15.24 

87.8 
88.8 
89.2 

83.8 
85.3 
85.9 

86  3 

3 

1926-27 

1927-28. 

87  2 

Average      

■ 

983 

37 

63.7 

12.60 

88.6 

85.0 

[1925-26 

I 

6 

918 

1,006 

972 

40 
41 
20 

60.7 
62.8 
63.2 

10.56 
12.83 
15.23 

88.0 
85.5 
85.4 

81.2 
85.3 
83.8 

82.4 

4 

] 1926-27. 

1927-28 

85  6 

Average .  ..  ... 

959 

35 

62.1 

12.61 

86.3 

83.4 

1  All  the  calves  fattened  in  the  experiments  are  not  included  in  the  marketing  data  because  a  few  in  each 
lot  were  kept  back  to  be  fattened  for  show. 

2  The  data  on  shrinkage  cover  more  than  what  is  ordinarily  considered  as  shrinkage  in  transit,  because 
the  cattle  were  not  sold  until  from  four  to  eight  days  after  final  farm  weights  were  taken.  The  actual  dis- 
tance of  shipment  was  about  25  miles. 

3  Cold  weights  of  the  carcasses  upon  which  dressing  percentages  were  determined,  were  obtained  by 
shrinking  the  hot  weights  2  per  cent. 

*  In  1927,  while  the  experimental  feeding  ended  June  1,  several  steers  were  taken  out  to  be  fitted  for  show 
and  the  remainder  in  the  lots  were  continued  on  the  same  feeds  until  June  29. 

In  each  experiment  the  lot  which  was  graded  highest  sold  for  as 
much  as  or  more  than  any  of  the  other  lots.  Likewise,  the  lot  or  lots 
which  were  graded  lowest  sold  at  the  lowest  price.  The  sale  prices  are 
unusually  close  for  experimental  lots.  The  dressing  percentages,  on 
the  other  hand,  show  considerable  differences  between  lots  2  and 
3,  which  were  very  nearly  the  same  each  year,  and  lots  1  and  4, 
which  were  rather  close,  except  the  last  year,  when  lot  4  dressed  less 
than  lots  2  and  3,  but  more  than  lot  1. 

SUMMARY  AND  CONCLUSIONS 

Cooperative  experiments,  carried  on  for  three  years,  at  Sni-a-Bar 
Farms,  Grain  Valley,  Mo.,  to  determine  the  most  economical  methods 
of  feeding  and  handling  beef  calves,  gave  the  following  results  : 

Well-bred  beef  calves  fed  grain  from  the  time  they  eat  it  until 
weaning  time  usually  are  fat  enough,  at  that  time,  for  slaughter,  and 
weigh  approximately  100  pounds  more  than  calves  which  have  had 
no  grain. 

Well-bred,  native,  early  spring  calves  produced  on  Corn  Belt  farms 
to  be  marketed  at  weaning  time,  may  profitably  be  fed  grain,  under 
present  (1925-1930)  market  conditions. 

To  creep-feed  calves,  which  are  running  with  their  dams,  most 
advantageously,  the  creep  must  be  so  located  that  the  calves  will 
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readily  learn  to  eat  grain  and  will  come  to  the  creep  often  and  regu- 
larly for  their  feed.  To  creep-feed  calves  which  are  separated  from 
their  mothers  and  allowed  to  suckle  twice  daily,  the  calves  must 
nurse  regularly  and  the  inclosures  must  be  located  so  that  the  cows 
and  calves  will  not  worry  one  another  between  the  times  for  nursing. 
Feed  troughs  or  bunks,  and  sheds  if  used,  must  be  clean,  if  success 
with  creep-fed  calves  is  to  be  had.  Whether  calves  are  permitted  to 
run  with  their  dams  or  are  separated  from  them  depends  on  the 
facilities  available. 

Calves  which  are  creep-fed  from  four  to  eight  weeks  before  weaning 
make  very  economical  use  of  the  feed  given  them,  sell  for  more,  shrink 
less,  and  can  be  put  on  full  feed  more  quickly  at  weaning  time  than 
calves  which  have  had  no  grain  during  the  suckling  period. 

After  full  feeding  for  84  days  after  weaning,  calves  which  were 
grain-fed  during  the  suckling  period  made  desirable  slaughter  calves, 
while  those  which  had  little  or  no  supplemental  feeding  before  wean- 
ing had  not  put  on  finish  enough  to  make  desirable  slaughter  animals. 

During  a  196-day,  dry-lot  fattening  period  after  weaning,  calves 
which  had  been  grain-fed  made  about  7  per  cent  less  ^ain  and  con- 
sumed about  8  per  cent  more  feed  per  100  pounds  of  gam  than  calves 
which  had  been  fed  little  or  no  grain  before  weaning. 

Well-bred,  weanling,  beef  calves  which  had  run  with  their  dams  on 
pasture  with  little  or  no  supplemental  feed  averaged  middle  Choice  in 
grade  as  feeders,  while  similar  calves  which  had  had  as  much  supple- 
mentary grain  as  they  would  eat  up  to  weaning  time  averaged  high 
Choice  as  feeders.  A  comparable  superiority  in  grade  as  slaughter 
cattle  at  the  end  of  a  196-day  fattening  period  in  dry  lot  and  as  car- 
casses was  maintained  by  the  calves  which  had  been  liberally  fed 
during  the  suckling  period  as  compared  with  the  calves  which  had 
had  little  or  no  grain  during  the  suckling  period.  However,  in  general, 
there  was  a  decline  of  approximately  one-third  of  a  grade  from  feeder 
to  carcass  during  the  196-day  fattening  period. 

Full  feeding  of  grain  in  a  creep  is  strongly  recommended  for  calves 
to  be  sold  for  beef  at  weaning  time  or  shortly  thereafter. 

The  feeding  of  grain  while  the  calves  are  nursing  is  not  considered 
advisable  for  calves  that  are  to  be  full  fed  grain  for  168  days  or  more 
after  weaning. 

STATEMENT  OF  COOPERATION 
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THE  FIRE-PROTECTION  PROBLEM 

Successful  fire  protection  on  the  national  forests  or  elsewhere  re- 
quires the  solution  of  four  major  questions.  These  are:  (1)  A  deter- 
mination and  statement  of  a  specific  objective;  (2)  determination 
of  the  speed  or  hour  control  necessary  in  attacking  fires  in  order  to 
hold  burned  acreage  to  the  accepted  objective;  (3)  determination  of 
the  size  and  distribution  of  man  power  and  of  fire  protection  im- 
provements required  to  attain  the  needed  hour  control;  (4)  the 
methods,  technic,  and  training  needed  to  use  most  effectively  the 
man  power  and  equipment  after  its  arrival  at  the  fire. 

FIXING  THE  OBJECTIVE 

Without  a  clear-cut  and  readily  measurable  objective  (2)  and  (3) 
can  not  be  determined  in  a  real  way,  and  the  difficult  problems  of  fire 
finance  can  not  be  so  handled  as  to  obtain  the  maximum  reduction 
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in  burned  acreage  per  dollar  expended.  That  is,  unless  a  constant 
checking  is  carried  on  unit  by  unit  and  region  by  region,  an  inevitable 
tendency  will  develop  for  overexpenditure  in  certain  units  and 
regions  in  which  the  objective  has  been  attained,  at  the  expense  of 
others  in  which  high  values  are  at  stake  and  in  which  the  goal  has 
not  been  approached. 

The  simplest  and  most  usable  statement  of  the  fire-control  objective 
is  in  terms  of  acreage  burned.  For  the  national  forests  in  the  Cali- 
fornia pine  region  this  is  now  set  at  an  annual  average  of  0.2  per 
cent  for  the  commercial  and  potential  timber  types  and  at  0.5  per 
cent  for  the  nontimbered  types  in  which  the  principal  value  is  for 
watershed  protection  and  grazing.  The  figure  for  timbered  types  is 
determined  by  the  length  of  timber  rotations  in  the  region  and  the 
loss  which  can  be  endured  without  disrupting  sustained-yield  man- 
agement plans.  A  similar  line  of  analysis  has  been  employed  in 
deciding  on  the  objective  in  the  nontimbered  types.  Possible  future 
increases  in  timber  and  watershed  values  and  a  progressive  refine- 
ment of  management  plans  on  the  national  forests  may  require  a 
stepping  up  of  these  objectives.  At  present  they  are  accepted  as  the 
needed  and  attainable  goal  in  fire  control.  To  state  the  same  thing 
in  a  single  figure  for  the  two  groups  of  types,  with  due  regard  to 
their  proportionate  representation,  it  may  be  said  that  successful 
fire  protection  is  attained  for  the  whole  region  when  not  over  0.26 
per  cent  is  burned  annually. 

HOUR  CONTROL 

The  principal  purpose  of  this  bulletin  is  to  answer  the  second  of 
the  major  questions  confronting  the  national-forest  fire-control 
organization  in  northern  California,  that  of  the  speed  of  attack 
needed  in  order  to  hold  burned  acreage  to  the  accepted  minimum. 
The  speed-of -attack  factor  is  usually  termed  "  hour  control,"  and 
includes  the  total  time  elapsing  from  the  start  of  the  fire  until  the 
first  suppression  forces  start  work  on  the  fire.  It  thus  includes  four 
generally  recognized  steps  in  the  functioning  of  a  fire-control  ma- 
chine: (1)  Discovery,  or  the  time  from  start  to  discovery;  (2)  report, 
or  the  time  from  discovery  until  the  individual  responsible  for  first 
attack  is  notified  of  the  fire;  (3)  get-away,  or  the  time -spent  by  the 
control  force  after  the  report  is  received  before  actually  starting  for 
the  fire;  and  (4)  travel  time,  or  the  time  consumed  inr getting  to  the 
fire. 

It  has  been  urged  that  because  of  difficulty  in  determining  the 
exact  time  at  which  some  fires  start,  and  because  the  time  of  dis- 
covery is  always  definitely  known,  hour  control  should  ignore  the 
time  elapsing  between  start  of  fire  and  its  discovery  (discovery  time). 
Evidently  any  such  procedure  is  erroneous  and  omits  an  element  vital 
to  effective  suppression;  the  fire  is  spreading  from  the  very  start, 
even  if  its  existence  is  not  immediately  discovered.  It  is  the  total 
time  during  which  the  fire  has  spread  that  is  the  important  factor. 

It  has  already  been  sufficiently  established  ^  that  cover  type  rather 
than  any  geographical  unit  is  the  proper  basis  for  analysis  of  fire 
problems.     The  hour-control  problem  to  be  discussed  in  this  bulletin 

1  Show,  S.  B.,  and  Kotok,  E.  I.  cover  type  and  fire  control  in  the  national 
roRKSTS  OP  northern  CALIFORNIA.     U.  S.  Dept.  Agr.  Bui.  1495,  86  pp.,  Ulua.     1929. 
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will  be  considered  solely  in  the  light  of  its  relationship  to  the  nine 
major  types  in  the  California  pine  region,  namely,  the  western  yellow 
pine,  the  mixed  conifer,  Douglas  fir,  sugar  pine-fir,  pure  fir,  brush 
field,  chaparral,  woodland,  and  grass.  These  are  the  types  recog- 
nized and  described  in  previous  studies  of  the  California  pine  region.^ 

VARIATIONS   IN  HOUR  CONTROL 

Significant  variations  in  rate  of  spread  of  fires  and  hence  in  the 
hour  control  required  have  long  been  recognized  in  practice,  and 
rough  measures  of  these  variations  have  been  worked  out  by  analyz- 
ing the  history  of  many  fires.  The  years  of  experience  and  the  anal- 
yses agree  in  proving  that  the  major  controls  of  rate  of  spread  are 
(1)  the  cover  type  in  which  the  fire  occurs,  (2)  the  character  of  the 
season  during  which  it  occurs,  and  (3)  the  exact  conditions  of  wind 
and  atmospheric  humidity  while  it  burns. 

Of  these,  the  character  of  the  cover  type  is  relatively  constant, 
whereas  the  other  two  vary  enormously  from  time  to  time.  In  a 
very  broad  way,  differences  in  rate  of  spread  within  a  given  cover 
type,  as  between  a  very  difficult  and  less  difficult  fire  season,  may  be 
fully  as  great  as  differences  between  the  more  inflammable  and  less 
inflammable  types  in  a  given  season.  Likewise,  differences  in  spread 
between  very  dry,  windy  days  and  less  dry,  calm  days,  within  a  given 
type  and  season,  may  equal  differences  due  to  type  alone.  The  highest 
rates  of  spread  occur  on  fires  starting  on  the  worst  days  in  the  worst 
season  in  the  most  inflammable  types.  As  a  matter  of  general  prac- 
tice for  the  entire  region,  the  level  of  protection  effort  can  not  now 
attempt  to  hold  all  such  fires  to  a  small  area.  It  should  aim  at 
controlling  fires  under  the  average  worst  conditions  as  represented 
by  the  most  difficult  years,  rather  than  under  the  absolute  worst  con- 
ditions as  represented  by  the  most  difficult  days.  Good  organization 
will,  however,  include  plans  and  machinery  for  sudden  expansion  to 
meet  short-time  emergencies  beyond  the  capacity  of  the  regular 
organization. 

PRESENT  EFFORTS  TO  ESTABLISH  HOUR  CONTROL 

The  statement  of  the  fire-control  objective  in  terms  of  an  acceptable 
minimum  of  burned  area  (agreed  loss  rate  in  acres  for  a  given  unit) 
has  been  in  effect  for  many  years.  Variation  in  spread  of  fires  and 
hence  in  hour  control  required  has  also  been  generally  recognized 
and  has  been  translated  into  material  differences  in  intensity  of  pro- 
tection in  the  several  types.  It  has  not  been  possible,  however,  to 
state  specifically  the  hour  control  necessary  in  any  one  type  in  order 
to  hold  burned  area  to  the  accepted  minimum. 

This  is  accounted  for  in  several  ways.  For  one  thing,  until  now 
the  enormous  mass  of  accumulated  experience  from  which  the  an- 
swer must  come  was  not  available  for  analysis.  For  another,  a 
skeleton  fire-control  organization  was  all  that  the  insufficient  funds 
available  for  this  work  permitted  and  hence  no  urgent  need  for  an 
immediate  determination  of  hour  control  has  existed.  In  addition 
to  these  conditions  the  opinion  prevailed  up  to  1923  that  approxi- 
mately adequate  protection  had  already  been  attained  and  could  be 

2  See  appendix  for  detailed  discussion  of  types. 
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maintained.  Beginning  with  1924  the  increasing  severity  of  fire 
seasons  and  increasing  use  of  the  forests  have  resulted  in  unaccept- 
able losses. 

A  simple  and  direct  measure  of  the  effectiveness  of  present  efforts 
is  obtained  by  determining  the  average  percentage  of  fires  attacked 
within  one-half  and  one  hour  after  start,  for  each  major  type.  (Fig. 
1.)  The  average  for  the  entire  6-year  period  from  1923  to  1928  is, 
of  course,  not  fully  representative  of  the  speed  in  attack  during  the 
more  recent  years,  because  some  increase  in  protection  effort  has 
since  taken  place.  It  is,  however,  a  reliable  general  picture  of  com- 
parative performance. 

As  will  be  fully  shown  later,  the  attack  necessary  to  attain  the 
minimum  burned-area  objective  must  be  most  rapid  in  the  yellow 
pine,  mixed  conifer,  brush,  woodland,  and  grass  types.     In  the  aver- 
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FiouRB  1. — Percentage  of  fires  under  %-hour  and   1-hour  control  in  major  cover 

types,  1923-1928 

ages  for  fires  attacked  within  one  hour,  all  of  these  types  are  rela- 
tively high  and  nearly  all  are  high  for  fires  attacked  within  one-half 
hour ;  but  so  is  the  sugar  pine-fir  type,  in  which  it  will  be  found  that 
extreme  speed  is  unnecessary.  Apparently,  however,  the  present 
averages  represent  not  unnecessarily  great  speed  in  the  sugar  pine-fir 
type  but  inadequate  speed  in  the  others.  At  any  rate,  the  sugar 
pine-fir  type  is  relatively  much  better  protected  than  the  others. 

In  the  same  analysis,  the  white  fir  type  shows  the  lowest  per- 
centage of  fires  reached  within  one  hour,  and  this  reflects  in  general 
the  correct  practice,  since  this  type  permits  of  the  slowest  hour  con- 
trol of  all.  The  Douglas  fir  type  ranks  next  to  white  fir,  and  the 
findings  of  this  study  show  this  to  be  the  proper  position. 

In  general  practice,  therefore,  the  differences  in  rate  of  spread  of 
fires  have  been  recognized,  although  apparently  not  to  the  degree 
or  with  the  consistency  that  will  here  be  indicated  as  desirable. 
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IMPORTANCE  OF  FOCUSING  ON  THE  MOST  DIFFICULT  YEARS 

A  glance  at  the  burned-area  records  of  the  individual  years  (fig.  2) 
is  sufficient  to  indicate  the  importance  of  the  most  difficult  years 
(1924,  1926,  and  1928)  in  the  fire  problem.  Clearly,  for  the  entire 
group  of  years,  fire  control  has  not  nearly  attained  the  specified 
objective  in  area  burned.  The  existing  level  of  fire-control  effort 
can  thus  only  be  regarded  as  generally  insufficient.  It  is  equally 
evident  that  in  the  less  difficult  years  (1923,  1925,  and  1927),  individ- 
ually and  as  a  group,  the  objective  has  been  attained. 

Evidence  that  attention  should  be  focused  on  the  difficult  years 
is  found  in  the  very  large  increase  in  the  number  of  large  fires  in 
the  difficult  years  as  compared  to  the  number  in  the  less  difficult 


Figure  2. 
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-Index   of   character   of   different   fire   years,    yellow   pine,    mixed   conifer, 
and  brush-field  types,  1923-1928 


years.  (Table  1  and  Figs.  3  and  4.)  These  figures  reflect  not  only 
the  higher  percentage  of  class  C  fires  (fires  that  reach  over  10  acres 
in  size),  but  the  greater  total  of  man-caused  fires.  Detailed  figures 
on  the  occurrence  of  large  fires  in  the  different  hour-control  groups 
are  given  in  Table  2.  The  ratio  between  the  number  of  fires  of  100 
acres  and  over  in  the  more  difficult  and  less  difficult  groups  of  years 
is  over  4  to  1  for  the  yellow  pine  and  mixed  conifer  types  combined ; 
12  to  1  for  the  Douglas  fir ;  nearly  3  to  1  for  the  fir  and  sugar  pine- 
fir  types  combined ;  4  to  1  for  the  brush  type ;  2  to  1  for  grass  and 
woodland  combined.  For  1,000-acre  fires,  the  ratios  are  even 
higher — 10  to  1  for  yellow  pine  and  mixed  conifer  combined ;  7  to  0 
for  Douglas  fir ;  5  to  0  for  fir  and  sugar  pine-fir ;  31^  to  1  for  brush ; 
6  to  1  for  grass  and  woodland  combined.     One  way  to  state  the 
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fire-control  problem  is  to  say  that  the  number  of  100-acre  or  1,000- 
acre  fires  in  bad  years  must  be  reduced  to  the  number  occurring  in  the 
less  difficult  years. 

Table  1. — Data  on  average  lire,  C  fires,  fires  of  100,  500,  and  1,000  acres,  and  fires 
requiring  over  24  hours  to  control,  ail  forests 


MORE  DIFFICULT  YEARS  (1924, 

1926.  AND  1928) 

Type 

Average 
fires 

Average 
C  fires 

Average 

100-acre 

fires 

500-acre 
fires 

1,000-acre 
fires 

24-hour 
fires 

Western  yellow  pine 

Acres 
157 
545 
182 
99 
400 
392 
232 
387 

Acres 

751 

1,511 

513 

652 

938 

1,180 

1,282 

1,677 

Per  cent 
12 
23 
19 

7 
24 
22 

6 
12 

Percent 
6 
14 
10 
2 
12 

n 

4 

8 

Per  cent 
4 
9 
« 

1 

10 
7 
3 
6 

Percent 
0 

Mixed  conifer 

10 

Douglas  fir 

15 

Fir 

4 

Grass 

12 

Brush 

10 

Woodland 

6 

Sugar  pine 

6 

Average     ..                  .          - 

298 

1,090 

16 

9 

6 

g 

LESS  DIFFICULT  YEARS  (1923,  1925,  AND  1927) 


Western  yellow  pine 

20 
134 

19 

17 
113 

99 
233 

75 

169 
855 
200 
274 
371 
415 
887 
566 

6 
9 
3 
5 
15 
11 
11 
8 

1 
3 

1 

Mixed  conifer 

2 

4 

Douglas  fir 

3 

Fir 

2 

Grass .  ._ 

3 
6 
5 
3 

8 

Brush.. : 

4 
4 

6 

Woodland 

3 

Sugar  pine 

3 

Average                .         . 

71 

457 

8 

2 

1 

3 

If  fire  conditions  were  never  more  difficult  than  they  have  been  in 
the  odd  years  the  fire  problem  could  be  regarded  as  already  satis- 
factorily met.  This  is,  however,  an  unwarranted  assumption;  in- 
deed, it  must  be  expected  that  years  as  difficult  as  1924,  1926,  and 
1928  will  recur  with  some  regularity.  The  problem  of  fire  control 
for  the  region  is,  then,  to  hold  losses  to  the  accepted  minimum  in  such 
years.  It  follows  that,  in  analyzing  performance  and  in  determining 
the  hour  control  required  in  the  different  types,  attention  must  be 
focused  on  the  critical  years  as  constituting  in  effect  the  normal  years 
in  fire  protection.  The  principal  importance  of  the  less  difficult  years 
is,  then,  to  check  and  confirm  the  conclusions  reached  from  experience 
in  the  normal  years. 

Clearly,  the  fire-control  organization  must  be  gaged  by  the  same 
standard — the  ability  to  cope  with  the  situation  in  the  most  difficult, 
or  normal  years.  It  does  not  follow  that  additional  effort  will  be 
required  everywhere.  Indeed,  to  justify  additional  effort  it  must 
be  shown  that  each  type  as  a  whole,  and  each  national  forest  as  a 
whole  or  in  part,  is  now  inadequately  protected.  For  example,  in 
the  analysis  nere  presented,  no  attention  is  given  to  two  national 
forests  in  the  California  pine  region  totaling  3,000,000  acres,  where 
the  fire-control  objective  has  already  been  consistently  attained  and 
total  fire  expenditures  per  acre  are  far  lower  than  on  any  of  the 
national  forests  here  studied. 
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MORE  DIFFICULT 
YEARS.  1924..  I9Z6  .   1928 


LESS  DIFFICULT 
YEARS,  1923.  1925.1927 


SIZE  OF  AVERAGE  FIRE 
•       (ACRES) 


ALLOWABLE  ANNUAL  BURN 
(1,000  ACRES) 


AVERAGE  ANNUAL  BURN 
(1,000  ACRES). 


PROPORTION  OF    C   FIRES 
(PER  CENTX 
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NUMBER   OF    FIRES 


COVERING  1.000  ACRES 
AND  MORE.. 


COVERING  500  ACRES 
AND  MORE 


REQUIRING  24- HOURS  AND 
MORE  TOCONTROI 


COVERING  100  ACRES 
AND  MORE. 


CLASS    C    FIRES. 
ALL  FIRES..-., 


J57 
_237| 
258| 

Si 


21 
32 
|45 
1ll8 
|239 


1600 


3200  2400  1600  800  0  800 

NUMBER 
Figure  3. — Comparison  of  fire  history  for  difficult  group  of  years   (1924,  1926.  and 
1928)   and  less  difficult  group   (1923,  1925,  and  1927) 


I  I  100-ACRE  FIRES  ^^  1,000-ACRE  FIRES 

Figure  4. — Number  of  fires  of  100  and  1,000  acres  and  over,  by  types,  grouped  by 
more  difficult  and  less  difficult  years 
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Table  2. — Distribution  of  100,  500,  and  1,000  acre  pen   by  type  and  elapsed 

time,  all  forests 

WESTERN  YELLOW  PINE  TYPE 


1924,  1926,  and  1928 

1923,  1925,  and  1927 

Hour  control 

100- 
acre 
fires 

600- 
acre 
fires 

1,000- 
acre 
fires 

Over  24 
hours 
control 

100- 
acre 
fires 

500- 
acre 
fires 

1,000- 
acre 
fires 

Over  24 
hours 
control 

Half  hour  or  less  -  _  

Number 
21 
22 
27 

1?- 

34 

Number 
7 
12 
15 
6 
5 
21 

Number 
3 
8 

10 
4 
2 

15 

Number 
6 
13 
10 
6 
8 
19 

Number 
2 

12 
3 
5 
2 

12 

Number 

1 
1 
1 

Number 
1 

1 

Number 
1 

Yitol  hour 

4 

1  to  2  hours  

2  to  3  hours 

2 

3to4hours.. 

More  than  4  hours 

1 

2 

Total             -.          -  -- 

127 

66 

42 

62 

36 

4 

2 

9 

MIXED  CONIFER  TYPE 


Half  hour  or  less.. 
yi  to  1  hour 

1  to  2  hours -. 

2  to  3  hours 

3  to  4  hours 

More  than  4  hours 

Total.. 


18 

11 

4 

10 

3 

28 

18 

10 

15 

4 

26 

18 

12 

23 

6 

10 

6 

6 

8 

2 

9 

9 

6 

8 

3 

54 

24 

19 

39 

12 

145 

86 

57 

103 

30 

1  1 

1 

2  2 
51 5 


DOUGLAS  FIR  TYPE 


2 

\ 

14 

1 

2 

1 

1 
1 
3 
3 

9 

J^  to  1  hour 

1 

1 

1 

2  to  3  hours 

3  to  4  hours 

More  than  4  hours 

7 

G 

1 

1 

Total           

24 

12 

7 

18 

2 

2 

FIR  TYPE 


Half  hour  or  less 

3 
1 
2 

1 

1 
1 

1  to  2  hours 

2 

1 

1 

1 

3  to  4  hours 

i 



6 

2 

1                 6 

1 

'1 

1 

Total              

13 

4 

2 

7 

2 

1 

2 

i 

_ 

GRASS  TYPE 


2 

8 
4 
3 

X4>  in  \  hniir 

6 

4 

1 
1 

4 
2 
2 

1  to  2  hours 

5 
1 

1 

4 

2  tn  3  hfiiir<« 

M!oro  than  4  hours 

12 

8 

6 

7 

6 

1 

1 

Total 

29 

16 

12 

15 

12 

2 

5 
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Table  2. — Distribution  of  100,  500,  and  1,000  acre  fires  by  type  and  elapsed 
time,  all  forests — Continued 

BRUSH  TYPE 


1924,  1926,  and  1928 

1923,  1925,  and  1927 

Hour  control 

100- 
acre 
fires 

500- 
acre 
fires 

1,000- 
acre 
fires 

Over  24 
hours 
control 

100- 
acre 
fires 

500- 
acre 
fires 

1,000- 
acre 
fires 

Over  24 
hours 
control 

Half  hour  or  less 

Number 
14 
14 
17 
6 
7 
32 

Num  ber 
9 
5 
7 
2 
4 
17 

Number 

I 

2 

1 

12 

Number 
7 
3 
8 
3 
2 
18 

Number 

Number 

Number 

Number 

H  to  1  hour 

3 
4 
4 

1 
4 
2 

1 
4 

1 

1  to  2  hours. . 

3 

2  to  3  hours     

1 

3  to  4  hours     

More  than  4  hours 

12 

6 

3 

7 

Total 

90 

44 

29 

41 

23 

12 

8 

12 

WOODLAND  TYPE 


Half  hour  or  less-.. 
}/i  to  1  hour 

1  to  2  hours 

2  to  3  hours 

3  to  4  hours 

More  than  4  hours. 

Total--.-.-.. 


Half  hour  or  less.- 
Yitol  hour 

1  to  2  hours 

2  to  3  hours 

3  to  4  hours 

More  than  4  hours 

Total ... 


63 

28 

14 

30 

5 

2 

2 

76 

43 

25 

37 

21 

4 

2 

&i 

48 

32 

50 

21 

8 

6 

36 
30 

18 
18 

15 
9 

23 

14 
6 

4 

1 

1 

155 

82 

62 

99 

48 

14 

10 

443 

237 

157 

258 

115 

33 

21 

SUGAR  PINE-FIR  TYPE 

Half  hour  or  less  

2 

1 
1 

1 

2 

3^  to  1  hour .     

1 
1 

1 

1 

1 

1  to  2  hours 

1 

2  to  3  hours 

1 

1 

1 

J 

3  to  4  hours.  _ 

More  than  4  hours 

1 

1 

1 

1 

Total  - 

6 

4 

3 

3 

2 

2 

1 

ALL  TYPES 

METHODS  OF  STUDY 


DATA  USED  AND  METHODS  OF  HANDLING 

The  determination  of  hour-control  needs  for  a  type,  pfroup  of 
types,  or  region  can  obviously  best  be  made  by  analysis  of  widespread 
and  abundant  actual  experience — that  is  to  say,  the  detailed  records 
of  thousands  of  individual  fires  throughout  the  region.  No  prior 
basis  exists  for  such  determination,  and  even  the  most  detailed 
knowledge  of  fuels  and  of  combustion  may  be  only  indirectly  help- 
ful in  this  respect.  In  the  California  pine  region  such  records  have 
been  made  systematically  by  the  Forest  Service  for  many  years,  to 
include  as  soon  as  possible  after  each  fire  the  essential  facts  of  the 
2175°— 30 2 
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fire,  including  its  origin,  its  history,  the  factors  affecting  its  spread, 
and  its  cost.  This  mass  of  information,  when  properly  assembled  in 
significant  categories,  develops  unmistakable  trends  that  would 
often  lie  concealed  in  less  comprehensive  data. 

Another  outcome  of  this  assembling  of  abundant  data  is  a  greater 
dependability  of  results.  In  quality,  accuracy,  and  completeness 
the  data  collected  were  certain  to  be  far  from  perfect.  Of  the 
hundreds  of  individuals  who  have  been  connected  with  fire  control 
and  who  are  responsible  for  the  data  here  employed,  many  were 
unaccustomed  to  recording  notes  in  the  field  or  to  assembling  facts 
on  paper.  The  pressure  of  work  made  it  impossible  for  many  of 
the  field  officers  to  prepare  the  reports  for  some  days  after  a  fire; 
and  for  the  same  reason  detailed  examination  and  survey  of  many 
large  fires  has  been  impracticable.  But  such  a  study  as  this  is  not 
contingent  on  perfection  of  data.  Whereas  data  clearly  inaccurate 
have  been  discarded,  it  has  been  assumed  with  reason  that  the 
ordinary  human  errors  are  sufficiently  counterbalanced  in  the  mass 
to  give  approximately  true  final  values.  This  tendency  toward 
compensation  is  a  matter  of  fact,  as  demonstrated  by  test,  and  not 
one  of  assumption. 

Many  of  the  original  reports  did  not  specify  the  types  in  which 
the  fire  originated.  To  determine  the  type  with  substantial  accu- 
racy, the  location  of  each  fire  was  referred  to  a  map  prepared  for 
the  purpose  showing  the  major  forest  types.  Although  some  errors 
in  determining  the  type  in  which  particular  fires  have  occurred  may 
have  crept  in,  these  errors  again  are  probably  compensatory.  It  has 
been  necessary  to  charge  the  acreage  and  cost  of  each  fire  to  the  type 
in  which  it  originated.  This  is  not  invariably  correct,  as  for  ex- 
ample when  a  fire  starting  in  chaparral  is  controlled  at  the  edge  of 
western  yellow  pine  and  burns  over  a  small  area  in  that  type.  How- 
ever, with  few  exceptions  the  major  run  and  character  of  a  fire  are 
determined  by  the  type  in  which  it  started.  A  fire  starting  in  brush, 
for  example,  will  ordinarily  attain  such  size  and  such  momentum 
that  it  will  still  be  very  difficult  to  combat  after  it  spreads  into 
western  yellow  pine  timber  or  into  woodland  areas,  and  can  be 
classified  as  characteristically  a  brush  fire.  The  use  of  the  data 
in  this  manner  probably  affects  the  figures  for  total  area  burned,  by 
types,  but  is  immaterial  in  other  relationships. 

Because  this  study  is  aimed  at  a  particular  problem — hour  con- 
trol as  required  in  the  major  types — only  part  of  the  data  on  each 
individual  fire  report  were  abstracted  and  used.  These  consisted 
of  the  following  items:  Date  and  year  of  fire,  class  (A,  B,  or  C), 
final  area,  area  when  reached  by  suppression  forces,  elapsed  time 
from  start  of  fire  until  suppression  work  was  begun,  travel  time 
going  to  the  fire,  time  to  control  the  fire,  distance  traveled  to  the  fire, 
and  means  of  travel  used.  On  a  small  percentage  of  the  individual 
reports,  one  or  another  of  these  items  was  not  recorded,  and  the 
total  number  of  cases  is  therefore  not  constant  in  the  different  phases 
of  analysis. 

These  data  have  been  assembled  in  various  ways,  the  cover  type 
always  being  used  as  the  major  and  controlling  basis  for  classifica- 
tion of  the  facts.  In  all,  4,283  fires  have  been  used,  and  these  have 
been  taken  from  12  national  forests  in  the  California  pine  region 
for  the  period  1923  to  1928,  inclusive. 
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OMISSION  OF  LIGHTNING-FIRE  DATA 

In  this  study  data  on  man-caused  fires  only  have  been  used,  and 
lightning-fire  data  have  been  omitted.  Man-caused  fires  were  selected 
because  they  occur  in  all  the  principal  cover  types  of  the  region, 
they  contribute  the  major  share  of  the  acreage  burned  annually,  and 
their  records  furthermore  present  homogeneous  data  covering  the 
action  taken  by  the  first  line  of  defense.  Common  experience  and 
previous  study  ^  show  that  lightning  fires,  because  of  temporary 
favorable  fire-weather  conditions,  permit  of  an  hour  control  for  the 
first  line  of  defense  materially  longer  than  any  limits  that  may  be 
set  up  for  man-caused  fires  for  a  given  type  or  region.  Also,  other 
serious  problems  in  control  confront  an  organization  because  of  the 
frequent  bunching  of  lightning  fires,  which  may  require  auxiliary 
forces  and  a  secondary  line  of  defense. 

Table   3. — Comparison    of   elapsed   time    on   m<in-caused    and    lightning   fires, 
California  region,  1921  and  1922 


[Basis,  1,75 

3  man-caused  (MC)  and  443  lightning  (L)  fires] 

Elapsed  time  (step) 

Discovery 

Report 

Get-away- 

Travel 

Discovery- 
arrival 

Control 

(cumulative) 

MC 

L 

MC 

L 

MC 

L 

MC 

L 

MC 

L 

MC 

L 

1          

P.ct. 

35 
49 
62 
86 
96 
100 

P.ct. 
15 
21 
28 
39 
68 
100 

P.ct. 
51 
67 
78 
86 
100 

P.ct. 
49 
66 
76 
82 
100 

P.ct. 

81 
89 
94 
98 
100 

P.ct. 
71 
81 
87 
93 
99 
100 

P.ct. 
32 
51 
70 
93 
96 
100 

P.ct. 

8 

20 
35 
77 
87 
100 

P.ct. 

49 
71 
86 
91 
93 
95 

P.ct. 
24 
43 
64 
73 
75 
82 

P.ct. 
43 
76 
84 
90 
100 

P.ct. 
41 

1  and  2 

83 

1  to  3 

90 

1  to  4        

95 

1  to  5 

100 

1  to  6 - 

Table  3,  based  on  some  2,200  man-caused  and  lightning  fires  oc- 
curring in  the  California  region  in  1921  and  1922,  illustrates  how 
impossible  it  is  to  combine  these  two  types  of  fires  for  study.  The 
b;teps  numbered  1,  2,  3,  etc.,  are  those  adopted  by  the  Mather  Field 
Conference  in  1921.* 

Thirty-five  per  cent  of  man-caused  fires  are  discovered  within  the 
first  period  (0-15  minutes),  and  but  15  per  cent  of  lightning  fires; 


3  Snow,  S.  B.,  and  Kotok,  E.  I.     forest  fires  in  California,  1911-1920 :  an  analytical 
STUDY.     U.  S.  Dept.  Agr.  Circ.  243,  80  pp.,  illus.      1923. 
*The  elapsed  time  intervals  as  recognized  by  the  Mather  Field  Conference  are  as  follows: 


Step 

Discovery 

Report 

Get-away 

Travel 

Control 

Discovery 
to  arrival 

1..- 
2.... 
3..-. 

4.... 

6..-. 
6 

0-15  minutes.. 
16-30  minutes. 
31    minutes-1 

hour. 
1+-6  hours 

6-f-24  hours... 
24-i-  hours.    . 

0-5  minutes.. - 
6-15  minutes.. 
16-30  minutes. 

31    minutes-1 

hour. 
H-hours 

0-15  minutes. - 
16-30  minutes. 
31    minutes-1 

hour. 
1+-2  hours 

2+-6  hours 

6-f-24  hours.. - 

0-15  minutes. - 
16-30  minutes - 
31    minutes-1 

hour. 
1+-A  hours.-.- 

4+-6  hours 

6-j-hours- 

0-1  hour 

H~6  hours 

6-1—12  hours... 

12-f~24  hours.. 

24-f  hours 

0-1  hour. 
1 +-2  hours. 
2-1-4  hours. 

4-|~6  hours. 

6-|~8  hours. 
8-f-12  hours 

12         TECHNICAL  BULLETIN    2  0  9,   U.   S.   DEPT.   OF  AGRICULTURE 

and  in  the  last  period  (over  24  hours),  the  dilTerence  is  even 
greater — 4  per  cent  and  32  per  cent,  respectively.  This,  of  course, 
is  due  to  the  recognized  fact  that  many  lightning  fires  hold  over  for 
hours  or  days  before  they  show  up,  and  the  great  difference  between 
the  two  major  causes  of  fires  is  certainly  an  inherent  and  constant 
one. 

In  report  time  no  noteworthy  differences  appear,  the  slight  differ- 
ential in  favor  of  man-caused  fires  being  due  to  the  occasional  going 
out  of  telephone  lines  on  account  of  lightning  strokes. 

In  get-away  time,  action  is  faster  on  man-caused  than  on  lightning 
fires,  since  it  is  recognized  practice  for  Control  forces  to  wait  for 
fairly  complete  reports  on  a  storm,  rather  than  to  dash  instantly 
to  the  first  fire  reported. 

Travel  time,  like  discovery,  shows  striking  differences  between 
the  two  groups.  Of  man-caused  fires  32  per  cent  are  reached  within 
15  minutes  of  travel,  and  only  4  per  cent  require  more  than  four 
hours  to  reach,  whereas  the  corresponding  figures  for  lightning  fires 
are  8  per  cent  and  13  per  cent.  As  a  matter  of  experience  it  has 
been  found  that  man-caused  fires  spread  far  more  rapidly  than 
lightning  fires  and  consequently  require  a  closer  hour  control.  Also, 
many  man-caused  fires  are  along  routes  of  travel,  and  are  reached 
by  automobile,  whereas  to  reach  lightning  fires  typically  requires 
horse  or  foot  travel. 

The  discovery-to-arrival  figures  show  twice  as  high  a  percentage 
of  man-caused  fires  as  of  lightning  fires  reached  within  one  hour,  and 
the  difference  would  be  still  greater  if  all  preliminary  action  from 
start  of  fire  were  included. 

Previous  study,  too,  has  shown  that  the  rate  of  spread  of  man- 
caused  fires  in  a  given  season  is  many  times  that  of  lightning  fires. 
It  follows  then  that  an  adequate  hour  control  for  man-caused  fires 
for  a  given  type  or  geographical  unit  will  readily  take  care  of 
lightning  fires  within  the  lightning  zone  in  the  same  type.  If  large 
zones  have  exclusively  lightning  fires,  an  additional  analysis  of  such 
areas  may  be  needed. 

SELECTION  OF  PERIOD  FOR  STUDY  AND  GROUPING  OF  YEARS 

In  selecting  the  material  to  be  employed  in  this  analysis,  it  was 
considered  undesirable  to  go  any  further  back  than  the  year  1922, 
since  before  that  time  not  all  of  the  detailed  facts  regarding  each 
fire  were  systematically  collected  and  recorded.  From  1922  on, 
however,  the  information  recorded  on  the  individual  fire  reports 
has  been  more  uniform,  consistent,  and  detailed,  particularly  in  the 
elapsed-time  steps.  Starting  with  1923,  these  seasons  have  alter- 
nated in  intensity,  the  odd  years  being  less  difficult  and  the  even 
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years  more  difficult.  (Table  4.)  This  coincidence  has  furnished  an 
admirable  basis  for  comparisons.  By  using  the  data  for  the  three 
alternating  pairs  of  years,  any  material  variations  in  intensity  of 
organization  and  deficiency  of  performance  are  automatically  dis- 
posed of.  The  gradual  scaling  up  in  both  of  these  factors  is  pre- 
sumably equally  effective  in  both  groups.  The  average  scale  of  pro- 
tection and  efficiency  for  the  less  difficult  group  must  be  comparable 
to  that  of  the  more  difficult  group  simply  because  the  individual 
years  have  alternated.  Similarly,  several  other  major  difficulties 
in  the  historical  analysis  of  fire  control  are  avoided  at  the  start. 

Table  4. — Distribution  of  moM-caused  fires  hy  types  and  groups  of  years,  all 

forests 


Type 

More  difficult  years  (1924,  1923,  and  1928) 

Less  difllcult  years  (1923,  1925.  and  1927) 

A  fires 

B  fires 

C  fires 

Total 

A  fires 

B  fires 

C  fires 

Total 

Western  yellow  pine- 
Mixed  conifer 

Douglas  fir.        _  ... 

Number 
448 
240 

44 
126 

29 
138 

06 

25 

Number 

378 

157 

36 

42 

41 

139 

61 

15 

Number 

218 

227 

44 

30 

52 

138 

28 

12 

Per  cent 
21 
36 
35 
15 
43 
33 
18 
23 

Number 
1,044 
630 
124 
198 
122 
415 
155 
52 

Number 
390 
172 
33 
60 
26 
72 
38 
21 

Number 
208 
103 
24 
16 
29 
82 
18 
12 

Number 

80 

51 

6 

5 

24 

48 

20 

5 

Per  cent 
12 
16 
10 
6 

30 
24 
26 
13 

Number 

678 

326 

63 

Fir 

81 

Grass 

79 

Brush 

202 

Woodland 

Sugar  pine-fir 

76 
38 

Total 

1,122 

869 

749  '          27 

2,740 

812 

492 

239 

15.5 

1,643 

Further  justification  for  using  the  two  groups  of  years  is  found  in 
the  detailed  characteristics  of  the  individual  years  and  of  the  groups. 
An  examination  of  the  data  for  total  area  burned,  average  area  per 
fire,  total  number  of  all  (man-caused)  fires,  and  total  number  of 
class  C  fires  shows  (fig.  2)  in  each  particular  an  alternation  between 
a  low  value  in  the  odd  j^ear  and  a  high  value  in  the  succeeding  even 
year.  An  evident  tendency  for  absolute  values  to  decrease,  par- 
ticularly in  the  even  years,  ma}^  be  taken  as  evidence  of  the  progres- 
sive improvement  in  performance  which  has  been  made  during  the 
period.  In  the  further  comparisons  of  these  two  natural  groups 
afforded  in  Figure  3  for  all  types — number  of  fires  of  1,000  acres  and 
over,  number  of  fires  of  500  acres  and  over,  number  of  fires  of  100 
acres  and  over,  total  number  of  man-caused  fires,  and  number  of 
fires  requiring  over  24  hours  for  control — the  more  difficult  group 
ranks  very  much  higher  than  the  less  difficult  group.  That  these 
differences  are  due,  not  to  variations  in  fire-control  effort  or  per- 
formance, but  to  differences  in  rate  of  spread  of  fire  and  in  difficulty 
of  control,  is  made  clear  by  Figure  5  and  Table  5.  In  this  graphical 
representation  of  speed  of  attack  on  fires  in  the  two  groups  of  years, 
it  is  evident  that  when  elapsed  time  is  taken  group  by  group,  the 
average  speed  is  almost  identical,  the  maximum  difference  in  each 
group  being  2  per  cent. 
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Table  5. — Comparative  speed  in  reaching  fires,  in  more  difficult  and  less  difficult 

years,  all  forests 

MORE  DIFFICULT  YEARS  (1924,  1926,  AND  1928) 


Type 

Percentage  of  fires  reached  in  each  hour-control  period 

0-H 

H-1 

1-2 

2-3 

3-4 

4+ 

Total 

Yellow  pine 

25 
19 
10 
13 
22 
23 
28 
23 

21 
15 
10 
11 
14 
19 
25 
15 

20 
20 
19 

15 
25 
20 
19 
12 

9 
10 
13 
14 

8 
10 

9 

6 

6 
8 
10 
9 
6 
7 
6 

8 

19 
28 
38 
38 
25 
21 
14 
36 

100 

Mixed  conifer 

100 

Douglas  fir 

100 

Fir 

100 

Grass 

100 

Brush 

100 

Woodland 

100 

Sugar  pine 

100 

Average 

22 

18 

20 

10 

7 

23 

100 

LESS  DIFFICULT  YEARS  (1923, 

1925,  AND  1927) 

Yellow  pine 

28 
20 
8 
18 
11 
25 
40 
24 

20 
16 
35 
4 
19 
18 
22 
16 

17 

?§ 

27 
17 
19 
18 
21 

10 
10 
12 
9 
14 
10 
7 
8 

7 
9 
8 
6 
10 
4 
4 
5 

18 
25 
24 
36 
29 
24 
9 
26 

100 

Mixed  conifer. 

100 

Douglas  fir 

100 

100 

Grass    

100 

Brush. 

100 

Woodland 

100 

Sugar  pine 

100 

Average . 

24 

19 

18 

10 

7 

22 

100 

HOUR 
CONTROL 


FIRES  OCCURRING  IN 

MORE  DIFFICULT  YEARS, 

I924-.  1926  .  1928 


FIRES  OCCURRING  IN 

LESS   DIFFICULT  YEARS, 

1923.  1925.  1927 


PER   CENT 
FiGURB  5. — Comparative  speed  of  attack  In  difficult  and  less  difficult  years 

BASIC  RELATIONSHIPS  IN  DETERMINING  HOUR  CONTROL 

The  method  employed  in  this  bulletin  to  determine  the  hour 
control  required  to  obtain  specified  burned-area  objectives  rests 
on  two  readily  established  direct  relationships.  These  are  (1)  area 
burned  and  percentage  of  C  fires,  and  (2)  speed  of  attack  and 
percentage  of  C  fires.  These  have  long  been  recognized  as  broad 
general  relationships,  but  little  use  has  been  made  of  them  in  analyz- 
ing the  fire  problem. 
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The  chain  of  reasoning  and  analysis  used  for  establishing  these 
two  relationships  is  best  illustrated  by  grouping  together  several 
cover  types  having  similar  hour-control  requirements.  In  this 
way  minor  irregularities  found  in  the  regular  progression  of  values 
for  a  single  type,  with  its  relatively  small  basis  of  data,  are 
smoothed  out  without  curving.  It  will  later  be  established  that 
the  yellow  pine,  mixed  conifer,  and  brush  types  have  identical 
hour-control  requirements  and  can  thus  properly  be  grouped. 

RELATION  BETWEEN  AREA  BURNED  AND  PERCENTAGE  OF  C  FIRES 

The  three  types  are  first  grouped  to  bring  out  strikingly  what 
the  actual  burned  area  has  been  in  the  several  years  of  record  and 
what  the  percentage  of  C  fires  has  been  in  each  of  these  years,  and 
to  determine  whether  a  consistent  relationship  exists  between  the 
two.  It  is  evident  that,  for  this  homogeneous  mass  of  data,  such 
a  relationship  does  exist,  and  that,  within  reasonable  limits  of 
variation,  if  one  factor  is  known  the  other  can  be  calculated. 

That  the  relationship  of  area  burned  to  percentage  of  C  fires  is 
a   very   consistent    and   important   one   is   indicated   in   Figure   6. 
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Figure  6. — Relation  of  percentage  of  class  C  fires  to  total  area  burned,  western 
yellow  pine,  mixed  conifer,  and  brush-field  types  combined 


16        TECHNICAL  BULLETIN    2  0  9,  U.  S.  DEPT.  OF  AGRICULTUBE 

Evidently  the  area  burned  increases  vety  much  more  rapidly  than 
does  the  percentage  of  C  fires,  and  a  small  percentage  increase  in 
C  fires  means  a  large  and  significant  increase  in  burned  area. 
Thus,  C  fires  are  important  not  only  because  they  contain  the  large 
fires  which  contribute  most  to  the  final  acreage  burned,  but  because 
they  are  the  simplest  and  most  easily  ascertainable  index  by  which 
a  fire-control  organization  can  measure  currently  its  accomplish- 
ment and  performance. 


RELATION   OF  PERCENTAGE  OF   C   FIRES   TO   SPEED   OF  ATTACK 

The  second  important  relationship  is  that  between  percentage  of 
C  fires,  for  a  homogenous  mass  of  data,  and  speed  of  attacking  fires. 

Speed  in  reaching  fires  is  the  first  essential  in  fire  control.  This 
general  relationship  is  amply  illustrated  by  the  fire  records  for 
1923  to  1928  from  the  Shasta  National  Forest.     (Fig.  7.)     Here 
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FiGUUB  7. — Spooil  of  attack  and  percentage  of  class  C  fires  (all  man-caused),  Shasta 
National  Forest,  1923-1928 

speed  is  measured  by  the  percentage  of  all  fires  that  were  reached 
by  suppression  forces  within  one  hour  after  start  of  the  fire.  The 
degree  of  success  is  meiasured  by  the  percentage  of  class  C  fires. 
The  reciprocal  relation  between  these  two  is  clearly  evident.  When 
average  speed  decreases,  average  percentage  of  class  C  fires  increases, 
and  vice  versa.  Within  reasonable  limits  of  variation,  if  one  factor 
is  known,  the  other  can  be  calculated.  Naturally,  because  of  varia- 
tion in  weather  from  year  to  year,  no  exact  mathematical  expres- 
sion of  this  relationship  can  be  given. 

This  illustration,  typical  of  every  national  forest  in  the  Cali- 
fornia region,  establishes  a  general  relationship  of  the  utmost  sig- 
nificance in  fire  protection.  The  invariable  recurrence  of  this 
relationship,  whether  the  basis  is  cover  type,  national-forest  unit, 
an  individual  year,  or  a  group  of  yeai-s,  makes  it  generally  useful  in 
this  discussion. 

The  relation  between  speed  of  attack  and  percentage  of  C  fires 
is  further  illustrated  and  elaborated  by  averaging  similar  types 
together  for  the  two  groups  of  difficult  and  less  difficult  years. 
(Fig.  8.)     Examination  of  tliis  comparison  leads  to  two  conclusions. 
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They  are : 

(1)  With  a  given  speed  of  attack,  the  percentage  of  C  fires,  and 
hence  area  burned,  cost,  and  damage,  vary  with  the  severity  of  the 
fire  season. 

(2)  Within  a  given  season  or  group  of  similar  seasons,  the  per- 
centage of  C  fires,  area  burned,  cost,  and  damage  vary  inversely 


HOUR  CONTROL 


FIRES  ATTAINING  CLASS  C 

IN    MORE   DIFFICULT   YEARS, 

I924-.  1926  .  1928 


FIRES  ATTAINING  CLASS  C 

IN    LESS  DIFFICULT    YEARS, 

1923.  1925  .  1927 


PER    CENT 
Figure  8. — Comparative  percentage  of  class  C  fires  in  relation  to  elapsed  time,  diflB- 
cult  and  less  difficult  groups  of  years,  average  of  all  types 

with  hour  control.     Progressive  slowing  down  in  speed  means  i:)ro- 
gressive  increase  in  percentage  of  C  fires. 

These  relationships  substantiate  the  conclusion  already  discussed, 
that  adequate  fire  control  is  a  problem  of  hour  control  for  the  most 
difficult  seasons.  Total  areas  of  fires  reached  by  present  hour  con- 
trol for  the  individual  types  and  the  difficult  and  less  difficult  year 
groups  are  given  in  Table  6. 

Table  6. — Areas  humed,  hy  types  and  elapsed  time  interval,  all  forests 

MORE  DIFFICULT  YEARS  (1924,  1926,  AND  1928) 


Type 

O-Vi  hour 

1^-1  hour 

1-2  hours 

2-3  hours 

3-4  hours 

4+  hours 

All  fires 

Yellow  pine. ...  .  ...  . 

Acres 

20, 370 

33, 571 

800 

1,085 

695 

37,  803 

425 

18,  038 

Acres 

23, 943 

59,  238 

800 

221 

18, 932 

30,203 

829 

575 

Acres 

34, 401 

87,  b76 

6,065 

14,  337 

3,355 

14,  256 

12,380 

690 

Acres 
13, 004 
17,  275 
2,375 
138 
1,938 
13,055 
12, 145 

Acres 

8,159 

84,  567 

465 

16 

72 

3,498 

25 

Acres 
63, 789 
60,740 
12, 089 
3,761 
23,  761 
63, 974 
10, 085 
825 

Acres 
163,  666 

Mixed  conifer 

343, 067 

Douglas  fir 

22,  594 

Fir 

19,  558 

Grass 

48,  753 

Brush 

162,  789 

Woodland 

35,  889 

20,128 

Total 

112,  787 
14 

134,  741 
17 

173, 160 
21 

59, 930 

7 

96,802 
12 

239,024 
29 

816, 444 

Distribution per  cent. 

100 

LESS  DIFFICULT  YEARS  (1923,  1925,  AND  1927) 

Yellow  pine 

1,364 
2,655 

4,467 
863 
100 

1,105 
4,  265 

440 
1,050 
1,042 
8, 855 

285 

1,055 

831 

25 

246 

2,502 

20 

5,307 

32,500 

612 

300 

6,914 

3,949 

14, 435 

.32 

13,  544 

43,  616 

1  197 

Mixed  conifer 

Douglas  fir ..     .     . 

Fir 

18 

1  368 

Grass 

316 

5, 416 

227 

200 

577 
1,245 

970 
2,500 

50 

60 

1,650 

8  899 

Brush..     .        .....  

390 
175 

19.915 
17  742 

Woodland 

Sugar  pine 

9  832 

Total 

4,602 

11,589 

17,  042 
16 

7,203 
6 

4,528 
4 

64,149 
59 

109  113 

Distribution per  cent. 

4 

11 

100 

2175°— 30- 
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LEGITIMATE  C   FIRES  AS  THE  BASIS  OF  DETERMINATION 

Before  illustrating  the  method  of  determining  needed  hour  control, 
the  question  must  be  asked  whether  all  C  fires  became  C  fires  either 
solely  or  principally  because  of  lack  of  speed  in  attacking  them. 

In  using  percentage  and  number  of  class  C  fires  as  a  basis  for 
determining  required  hour  control,  it  is  essential  to  eliminate  C 
fires  which  would  not  have  reached  this  size  provided  the  average 
best  present  suppression  practice  had  been  brought  into  use  when 
they  were  first  reached. 

Through  inspection  of  going  fires,  through  detailed  analyses  by 
boards  of  fire  review  of  action  on  fires,  and  from  study  and  interpre- 
tation of  data  on  the  individual  fire  reports  themselves,  it  is  clearly 
established  that  some  fires  which  reach  class  C  size  could  have  been 
held  to  Class  B  (less  than  10  acres  in  size).  The  most  common 
reasons  for  failure  to  hold  all  class  A  and  B  fires,  as  well  as  the 
smaller  C  fires,  to  the  minimum  possible  acreage  are  faulty  and 
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Figure  9. — Average  size  of  class  B  and  Class  C  flrps  when  reached  by  suppression 
forces,  western  yellow  pine  type,  Plumas  and  Shasta  National  Forests,  19l'3-1928, 
Inclusive 

inadequate  action  by  the  first  line  of  defense  after  reaching  the  fire: 
failure  to  have  available  or  to  use  in  the  first  attack  special  equip- 
ment such  as  back-pack  pumps ;  and  premature  abandoning  of  patrol 
after  the  fire  is  surrounded.  For  the  purposes  of  this  study,  those 
fires  were  eliminated  on  which  detailed  and  convincing  information 
indicated  poor  practice  in  attack. 

This  still  left  a  large  number  of  C  fires,  amon^  which,  presum- 
ably, there  were  still  a  considerable  number  that  might,  with  proper 
suppression  practice,  have  been  kept  from  reaching  class  C  size.  The 
most  common  failure  to  catch  fires  small  occurs  in  certain  very  in- 
flainmable  types,  in  bad  years,  or  on  bad  fire  days,  when  fires  spread 
rapidly  from  the  very  start.  Under  these  conditions  it  is  ^enerall}' 
only  tliose  fires  that  are  reached  within  one  hour  of  starting  that 
are  still  small  enough  to  give  the  first  line  of  defense  a  chance  to  hold 
them  as  class  B.  Fires  which  have  spread  for  a  longer  period  are 
usually  class  C  in  size  when  reached.  Analysis  of  the  man-caused 
fires  used  in  this  study   shows  that   on  the   Plumas   and   Shasta 
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National  Forests  (both  of  which  have  had  a  high  level  of  fire-sup- 
pression accomplishment),  for  the  inflammable  western  yellow  pine 
type  and  the  period  of  1923  to  1928,  the  average  size  of  the  fires 
reached  in  half  an  hour  and  held  as  class  B  fires  was  0.82  acre,  and 
that  the  average  size  of  those  reached  in  one-half  to  one  hour  and 
held  a,s  class  B  fires  was  1.57  acres.  (Fig.  9.)  The  average  of  these 
hour-control  groups  is  1.2  acres. 

Since  these  are  among  the  more  rapidly  spreading  fires,  on  which 
the  best  type  of  suppression  work  must  be  done  if  they  are  to  be 
caught  and  held  as  class  B  fires,  it  is  reasonable  to  assume  that 
nearly  all  fires  in  this  and  similar  types  that  are  reached  when  they 
are  1  acre  or  less  in  size  should,  with  correct  suppression  practice, 
be  held  to  class  B  size.  Therefore,  all  C  fires  that  were  1  acre  or 
less  when  reached  w^ere  eliminated  from  consideration. 

The  C  fires  remaining  after  these  two  eliminations  had  been  made 
have  been  termed  "  legitimate  class  C  fires."  They  are  those  which, 
because  of  very  rapid  spread  due  to  condition  of  cover  or  weather 
conditions,  or  because  of  long-elapsed  time  from  start  of  fire  to 
attack  by  control  forces,  could  not  have  been  held  to  a  smaller  size. 
The  total  number  of  class  C  fires  and  the  number  of  legitimate  C's  are 
given  in  detail  in  Table  7. 

Table   7. — Distribution    hy   types   and   elapsed   time   interval    {hour   control), 
between  start  of  fire  and  work  begun,  all  forests 

YELLOW  PINE  TYPE 


1924,  1926,  and  1928 

1923,  1925,  and  1927 

Hour  control 

All 

fires 

C  fires 

Legitimate  C 
fires 

All 
fires 

C  fires 

Legitimate 
C  fires 

Num- 
ber 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Half  hour  or  less 

203 
215 
214 
90 
66 
196 

34 
40 

55 
20 
21 
48 

» 
13 
19 
26 
22 
32 
24 

10 

36 
45 
18 
18 
43 

4 
17 
21 
20 
27 
22 

189 
138 
116 
66 
49 
120 

10 
20 
9 

8 

7 
26 

5 
14 

8 
12 
14 
22 

6 
14 

6 
6 

7 
26 

3  2 

10.  1 

1  to  2  hours 

5.2 

2  lo  3  hours J. 

9.1 

14.3 

More  than  4  hours 

21.7 

Total 

1,044 

218 

21 

170 

16 

678 

80 

12 

65 

9.6 

MIXED 

CONIFER  TYPE 

122 
96 

126 
65 
47 

174 

29 
34 
47 
17 
17 
83 

24 
35 
37 
26 
36 
48 

15 
23 
40 
15 
15 
76 

12 
24 
32 
23 
32 
44 

64 
54 
64 
33 

29 

82 

6 
5 
12 

6 
6 
16 

9 
9 
19 

18 
21 
20 

4 
4 

12 
4 
5 

15 

6.2 

^^  to  1  hour.   ..  

7.4 

18.8 

2  to  3  hours 

12.1 

3  to  4  hours 

17.2 

18.3 

Total 

630 

227 

36 

184 

29 

326 

51 

16 

44 

13.5 

DOUGLAS 

FIR 

13 
12 
23 
16 
13 
47 

3 

23 

3 

23.1 

5 

1 

8 
5 
15 

y-^  to  1  hour 

2 
2 

9 
25 

2 
2 

9.  1 

1  to  2  hours 

7 

7 

6 

21 

30 
44 
46 
45 

7 

6 

21 

30.4 
43.8 
46.2 
44.7 

25  0 

2  to  3  hours.. .. 

3  to  4  hours 

More  than  4  hours 

2 

13 

2 

13  3 

Total 

124 

44 

35 

44 

35.5 

63 

6 

10 

6 

9.5 
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Table   7. — IHxtribution   by   types   and   elapsed    time   interval    {hour  c(mtrol), 
between  start  of  fire  and  work  begun,  all  forests — Continued 

FIR 


1924,  1926,  and  1928 

1923,  1925,  and  1927 

Hour  control 

All 
fires 

C  fires 

Legitimate  C 
fires 

All 
fires 

C  fires 

Legitimate 
C  fires 

Num- 
ber 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per 
cent 

Num- 
ber 

Num- 
ber 

Per 
cent 

Num-I  Per 
ber    I  cent 

Half  hour  or  less 

26 
22 
30 

28 
17 
75 

2 
4 
4 
4 

8 
18 
13 
14 

15 
3 

22 
7 
5 

29 

1 
1 
2 

7 

33 
9 

1 
1 
2 

6.7 
33.3 
9.1 

}^  to  1  hour 

4 
3 
3 

18.2 
10.0 
10.7 

1  to  2  hours 

2to3  hours 

3  to  4  hours 

More  than  4  hours 

16 

21 

15 

20.0 

1 

3 

'I'l  "ii 

Total 

198 

30 

15 

25 

12.6 

81 

5 

6 

■t   1        «  o 

GRASS 


Half  hour  or  less 

27 
17 
30 
10 
7 
31 

6 
10 
10 

3 

2 
21 

22 
59 
33 
30 

29 
68 

4 
9 

10 
3 
2 

21 

14.8 
52.9 
33.3 
30.0 

28.6 
67.7 

9 
15 
13 
11 

8 
23 

1/^  to  1  hour 

2 
6 
5 
1 
10 

13 
46 
45 
12 
43 

2 

6 

5 

1 

10 

13.3 
46.2 
45.5 
12  5 

1  to  2  hours. 

2  to  3  hours 

3  to  4  hours 

More  than  4  hours 

43  5 

Total 

122 

52 

43 

49 

40.2 

79 

24 

30 

24 

30  4 

BRUSH 


Half  hour  or  less 

93 
79 
83 
43 
30 
87 

23 
22 
28 
14 
9 
42 

25 
28 
34 
33 
30 
48 

12 
18 
27 
14 
9 
42 

13 
23 
33 
33 
30 
48 

50 
37 
38 
21 

8 
48 

6 
6 
10 

7 

1 

18 

12 
16 
26 
33 
12 
38 

4 

5 

10 

1 
17 

8 
14 
26 
33 
12 
35 

H  to  1  hour 

1  to  2  hours. - 

2  to  3  hours. 

3  to  4  hours.. 

More  than  4  hours 

Total. 

415 

138 

38 

122 

29 

202 

48 

24 

44 

22 

WOODLAND 


Half  hour  or  less.. 

44 
38 
30 
14 
8 
21 

2 
11 

4 
2 

1 
8 

5 

29 
13 
14 
12 
38 

30 
17 
14 
5 
3 
7 

1 
5 
3 
4 
2 
5 

3 
29 
21 
80 
67 
71 

H  to  1  hour 

9 
3 
2 

1 
8 

23.7 
10.0 
14.3 
12.5 
38.1 

1 

4 
2 
5 

29 

1  to  2  hours.. 

21 

2  to  3  hours. - 

80 

3  to  4  hours. 

67 

More  than  4  hours .  . 

71 

Total.- 

155 

28 

18 

28 

14.8 

76 

20 

26 

19 

25 

SUGAR  PINE-FIR 


Half  hour  or  less. 

12 
8 
6 
3 
4 

19 

2 
3 
2 
2 

1 
2 

17 
38 
33 
67 
25 
11 

9 
6 
8 
3 
2 
10 

H  to  1  hour 

2 
2 
2 

1 
2 

25 
33 
67 
25 
11 

1 

17 

1  to  2  hours 

2  to  3  hours 

1 

33 

1 

33 

3  to  4  hours 

More  than  4  hours 

3 

30 

3 

30 

Total.- 

52 

12 

23 

9 

17 

38 

5 

13 

4 

11 

TOTAL,  ALL  TYPES 


Half  hour  or  less. . 

600 
487 
542 
269 
192 
660 

101 
124 
157 
69 
67 
241 

17 
25 
29 
26 
30 
37 

44 
101 
137 
64 
62 
228 

7 
21 
25 
24 
27 
35 

371 
292 
283 
154 
109 
334 

24 
42 
44 

31 
17 
81 

6 
14 
16 
20 
16 
24 

15 
33 
41 
27 
16 
79 

4 

H  to  1  hour 

11 

1  to  2  hours 

14 

2  to  3  hours .  . 

18 

3  to  4  hours.. 

15 

More  than  4  hours     -... 

24 

Total 

2,740 

749 

27 

626 

23 

1,643 

239 

16 

211 

14 
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It  will  be  evident  from  Table  7  that  even  with  half -hour  control 
and  the  very  rapid  attack  thereby  represented,  some  C  fires  must  be 
expected.  These  occur  mainly  on  the  worst  fire  days  in  the  worst  fire 
years.  For  the  period  1923-1928  the  average  size  at  time  of  attack 
of  C  fires  on  the  Shasta  and  Plumas  Forests,  when  reached  within 
one-half  hour,  was  11.5  acres.     (Table  8.)     In  other  words,  they 

Table  8. — Si:se  ivlien  reached  of  those  fires  in  each  hour-control  group  which 
became  class  C  and  class  B,  western  yellow  pine  type,  Flumas  and  Shasta 
National  Forests,  1923-1928 


Class  B  fires 

Class  C  fires 

Hour  control 

Fires 

Average 
size 

Fires 

Average 
size 

Number 
77 
70 
51 
21 
18 
37 

Acres 
0.82 
1.57 
1.61 
1.95 
2.06 
2.16 

Number 
27 
25 
28 
13 
8 
24 

Acres 
11.5 

10.6 

1  to  2  hours                                                                   .  -  - 

19.2 

46.5 

3  to  4  hours                                           ....     .... .... 

52.6 

63.0 

were  already  of  class  C  size,  on  the  average.  For  the  mixed  conifer 
and  western  yellow  pine  types,  on  all  forests,  the  average  was  even 
higher.     (Table  9.) 

Table  9. — Size  ivhen  reached  of  those  fires  in  each  hour-control  group  lohich 
hecatne  class  C,  mixed  conifer  and  western  yelloio  pine  types,  all  fwests, 
1V2S-1928 


1924,  1926,  and  1928 

1923,  1925 

,  and  1927 

1923-1928 

Hour  control 

Fires 

Average 
size 

Fires 

Average 
size 

Fires 

Average 
size 

Half  hour  or  less                                     .  .  . 

Number 
62 
75 

100 
35 
39 

118 

Acres 
17  A 
19.2 
16.6 
23.0 
30.4 
131.5 

Number 
14 
27 
20 
14 
12 
44 

Acres 
n.7 
12.7 
16.0 
42.0 
40.9 
73.7 

Number 
76 
102 
120 
49 
51 
162 

Acres 
16.3 

17.5 

1  to  2  hours                            -     -      . 

16.5 

2  to  3  hours -  ...     ..... 

28.4 

32.9 

More  than  4  hours 

115.8 

For  the  purpose  of  determining  what  speed  of  attack  is  necessary 
to  attain  a  specified  percentage  of  class  C  fires,  only  these  legitimate 
C  fires  are  used.  Otherwise,  the  indicated  control,  and  hence  the 
transportation  and  personnel  needed  to  attain  it,  would  be  unneces- 
sarily elaborate,  being  determined  by  average  present  practice  rather 
than  average  best  present  suppression  practice,  which  should  be 
generally  attained  in  the  future.  The  capital  investment  and  annual 
expense  required  to  build  up  transportation  and  protection  improve- 
ment to  the  point  of  attaining  or  even  approaching  the  indicated 
hour  controls  wdll  necessarily  be  large,  and  they  should  not  be  dis- 
tended to  cover  class  C  fires,  which  with  the  best  suppression  prac- 
tice and  the  fullest  use  of  special  equipment  might  have  been  kept 
to  class  B  size. 
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DETERMINATION   OF   HOUR   CONTROL  BY  PERCENTAGE   OF   C   FIRES 

The  two  basic  relationships  of  area  burned  to  percentage  of  C  fires 
and  percenta<^e  of  C  fires  to  speed  of  attack  must  be  clearly  under- 
stood before  any  definite  answer  to  the  question,  "  What  is  adequate 
hour  control?"  is  attempted.  The  method  used  for  determining 
hour  control,  a  graphic  method  of  analysis,  is  illustrated  in  Figure 
10  for  three  similar  types  combined.  Since  the  area  of  the  com- 
bined types  is  10,171,000  acres,  the  allowable  burned  area  per  year 
may  be  set  at  25,000  acres,  or  0.25  per  cent.  It  is  then  evident  from 
the  chart  that  in  only  two  of  the  six  years  has  the  objective  been 
attained.  When  the  percentage  of  C  fires  for  each  year  (left  side 
of  chart)  is  plotted  opposite  the  burned  area  for  the  same  year,  an 
"  allowable  percentage  determination  inserted  in  the  same  relative 
position  as  "  allowable  acreage  "  on  the  other  side  falls  at  approxi- 
mately 15  per  cent.     The  exact  position  of  this  line  must  be  deter- 


25       15 
PER  CENT 


00     200     300 
M  ACRES 


-400 


Figure  10. — Relation  between  percentage  of  class  C  fires  and  area  burned,  western 
yellow  pine,  mixed  conifers:,  and  brush-field  types  con/bined,  10,171.000  acres. 
1923-1928 

mined  by  inspection  of  the  chart,  by  judgment,  and  by  balancing 
the  quantities  outside  and  inside  of  the  allowable-acreage  line.  As 
so  fixed,  however,  it  constitutes  a  very  general  statement  of  an  objec- 
tive for  the  group  of  types  in  this  region.  This  figure,  or  a  lower 
one,  indicates  successful  protection;  a  higher  figure  indicates  that 
the  burned-area  objective  is  not  attained. 

This  figure  (for  the  data  being  discussed)  answers  the  question, 
"  What  percentage  of  class  C  fires  will  represent  attainment  of  the 
burned  area  objective?  " 

A  second  question  must  then  be  answered :  "  What  hour  control 
is  necessary  to  attain  the  allowable  percentage  of  class  C  fires?  " 
The  next  step — using  the  same  data — is  to  determine  what  speed 
of  attack,  or  hour  control  will  result  in  15  per  cent  or  less  of  class  C 
fires. 

In  the  group  of  difficult  years  for  similar  types  only  8  per  cent 
of  the  fires  reached  in  a  half  hour  after  start  should  become  legiti- 
mate class  C's  as  shown  by  shaded  bars  in  Figure  11.     This  is  well 
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within  the  allowable  limit  of  15  per  cent  and  indicates  that  i/^-hour 
control  will  not  be  generally  necessary  in  these  types.  Of  the  fires 
reached  between  a  half  hour  and  one  hour  after  start,  20  per  cent 
become  class  C's,  and  thus  something  less  than  1-hour  control  is 
needed.  Three-quarter-hour  control  evidently  will  closely  fit  the 
data,  and  will  for  the  entire  area  of  the  types  insure  a  realization 
of  the  minimum  burned-area  objective.  Subject  to  later  analysis 
of  the  individual  types,  this  figure  can  be  regarded  as  correct. 

By  way  of  contrast,  in  the  same  group  of  types  in  the  less  difficult 
group  of  years,  anything  up  to  4-hour  control  gives  satisfactory 
results. 

The  importance  of  using  only  legitimate  class  C  fires  is  well  illus- 
trated in  Figure  11  by  comparing  these  fires  with  all  class  C  fires. 
The  open  bars  standing  for  all  C  fires  would  indicate  that  even 
half-hour  control  is  not  rapid  enough  in  the  difficult  years.     To 
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FIRES    ATTAINING     CLASS        C 

IN   more:  difficult   years, 

192^^,  1926,  1928 


FIRES  attaining   CLASS     C 
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5      0       5 
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J  ALL   CLASS    C    FIRES 


LEGITIMATE    C   FIRES 


Figure  11. — Relation  of  percentage  of  legitimate  and  all  class  C  fires  to  speed  of 
attack,  western  yellow  pine,  mixed  conifer,  and  brush-field  types  combined,  1923- 
1928 

accept  such  a  conclusion  w^ould  involve  either  a  willingness  to  accept 
losses  in  bad  years  greater  than  the  agreed-upon  minimum,  or  the 
necessity  for  building  up  an  unnecessarily  elaborate  and  costly  fire- 
control  plant  and  organization. 

A  more  direct  comparison  for  the  more  difficult  and  less  difficult 
years,  and  for  hour  controls  up  to  two  hours  is  shown  in  Figure  12. 
This  makes  it  clear  that  the  relation  between  acreage  burned  by 
fires  within  an  hour-control  group  and  the  percentage  of  C  fires 
within  the  same  group  is  direct  and  consistent  for  both  groups  of 
years. 

DETERMINATION  OF  HOUR  CONTROL  BY  NUMBER  OF  C  FIRES 


Estimating  the  fire-control  problem  in  terms  of  percentage  of 
C  fires,  as  has  just  been  done,  tends  to  direct  effort  toward  speeding 
up  attack  on  fires,  since  speed  is  the  principal  controllable  factor. 
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Fir.uRE    12. — Comparison    of   percentage   of  legitimate    class   C    fires    with   acreage 
burned  over  under  varying  hour  control  in  more  difficult  and  less  difficult  years 

Another  equally  realistic  way  to  think  of  the  problem  is  in  terms  of 
number  of  C  fires.  This  approach  tends  to  focus  attention  on  reduc- 
tion in  number  of  fires  as  well  as  on  speed.  Although  the  consistent 
relation  between  speed  of  attack  and  percentage  of  C  fires  is  used 
generally  in  this  bulletin  as  a  basis  for  determining  needed  hour  con- 
trol, the  relation  between  speed  of  attack  and  number  of  C  fires  could 
be  used  equally  well. 

As  an  example  of  the  latter  relationship,  Figure  13  presents  data, 
for  the  yellow  pine,  mixed  conifer,  and  brush-field  types  combined  for 
individual  years,  on  acreage  burned  and  the  total  number  of  C  fires. 
Here  it  appears  that,  in  order  to  attain  the  burned-area  objective, 
the  number  of  C  fires  must  be  held  to  about  50  per  year.  This  figure 
is  determined  by  the  same  method  of  inspection  of  graphic  data 
previously  used. 
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FIRES  ATTAINING  CLASS  C 

TOTAL  ACREAGE  BURNED  OVER 

LESS  DIFFICULT 
1927 

1925 

1923 

MORE  DIFFICULT 
1928 

1926 

1924 

^fegSftgt-E^  -^ 

ALLOWABLE 
r      ACREAGE 

— r 

24 

W/A- 

m 

Js 

• 

xm/. 

46  1 

wmm. 

M5| 

1    ( 

1                 1 

m^"//////////////////////, 

187  1 

1                 1 

^^k^^^^^i^ 

365  1 

1        1           1           1 

300 


200  100     SO       0  25 

NUMBER 


100  200 

M    ACRES 


300 


400 


Figure  \X — Relation  between  total  number  of  class  C  fires  and  area  burned,  western 
yellow  pine,  mixed  conifer,  uud  brush-field  types  combined,  1023-l»i;8 
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The  total  allowable  number  of  C  fires  for  the  group  of  three  most 
difficult  ye^rs  is  thus  150.  With  i/2-hour  control  (fig.  14)  the  num- 
ber has  been  86,  and  with  1-hour  control,  182,  for  this  group  of  years. 
Three-quarter-hour  control  would  thus  most  nearly  insure  holding 
the  number  of  C  fires  to  the  desired  minimum.  If  instead  of  the  total 
number  of  C  fires,  only  the  number  of  legitimate  C's  is  used,  the 
allowable  number  will  be  less  than  50  per  year.  It  will  lie  between 
32  and  36,  and  the  total  for  the  3-year  period  will  be  between  96  and 
108.  This  objective  is  not  attained  with  1-hour  control  (fig.  14), 
where  114  legitimate  C  fires  occurred,  and  is  more  than  attained  with 
1/2 -hour  control,  with  only  37  fires.  This  points  to  something  between 
1/2-hour  and  1-hour  control  as  needed,  a  conclusion  identical  with  that 
reached  by  the  other  methods  of  analysis.  As  in  the  other  method 
also,  4-hour  control  appears  generally  satisfactory  in  the  less  difficult 
group  of  years. 
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.l^HOURORLESS 


FIRES    ATTAINING   CLASS       C 

IN     MORE    DIFFICULT    YEARS, 

I924-,  I9E6.  I92Q 


FIRES  ATTAINING  CLASS    C 

IN    LESS    DIFFICULT   YEARS, 

1923,1925,1927 


ALLOWABLE 
/-^        NUMBER        '^ 


600       SOO       400        300        200 


100  0  100 

NUMBER 


200 


ALL    CLASS   C  FIRES 


[,_,,,,,]  LEGITIMATE   C   FIRES 


Figure  14. — Relation  between  the  number  of  legitimate  class  C  fires  and  speed  of 
attack,  western  yellow  pine,  mixed  conifer,  and  brush-field  types  combined 

There  is  no  apparent  reason  to  repeat  the  confirmatory  process  for 
all  the  individual  types.  On  the  whole,  the  use  of  number  of  C  fires 
as  the  basis  for  analysis  will  lead  to  the  same  conclusions  as  if 
percentage  of  C  fires  were  used. 

DETERMINATION  OF  HOUR  CONTROL  FOR  DIFFERENT  TYPES 

WESTERN  YELLOW  PINE  TYPE 

Using  the  graphic  method  previously  illustrated  and  explained, 
determination  of  needed  hour  control  for  any  distinct  type  is  made 
by  the  two  steps  already  described:  (1)  Determination  of  the  per- 
centage of  C  fires  that  will  attain  the  burned-area  objective,  and  (2) 
the  speed  of  attack  necessary  to  hold  the  percentage  of  legitimate  C 
fires  to  this  figure. 

In  the  western  yellow  pine  type  (fig.  15)  the  total  area  is  4,526,000 
acres  and  the  annual  allowable  burned  acreage    (0.2  per  cent  for 
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timber  types)  is  therefore  about  9,000  acres.  This  acreage  was  at- 
tained in  three  of  the  six  years,  in  which  the  corresponding  C-fire 
percentages  were  10, 11,  ana  17.     The  C-fire  percentages  for  the  three 


75 
M  ACRES 

Figure  15. — Relation  between  area  burned  and  percentage  of  class  C  fires,  western 

yellow  pine  types 

years  in  which  excess  acreage  was  burned  over  were  16,  23,  and  26. 
Apparently  the  best  approximation  of  allowable  percentage  of  C  fires 
is  15. 

The  comparison  between  speed  of  attack  and  percentage  of  legiti- 
mate C  fires  (fig.  16)  shows  that  with  %-hour  control  the  percentage 
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Figure  16. — Relation  of  percentage  of  legltininto  and  all  class  C  fires  to  speed  of 
attack,  western  yellow  pine  type 

of  C  fires  in  difficult  years  is  4,  and  with  %-hour  to  1-hour  it  is  17. 
The  required  hour  control  is  thus  between  these  two,  and  %-hour 
control  is  the  best  approximation.     If  the  percentage  of  all  C  fires 
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were  used,  a  similar  conclusion  would  be  reached.     In  the  less  diffi- 
cult group  of  years,  on  an  average,  4-hour  control  is  adequate. 

MIXED  CONIFER  TYPE 

In  the  mixed  conifer  type,  with  an  acreage  of  3,207,000  acres,  the 
allowable  annual  burned  area  (0.2  per  cent),  is  approximately  6,500 
acres.  This  has  been  attained  (fig.  17)  in  two  of  the  six  years,  with 
a  percentage  of  C  fires  of  12  and  17,  and  has  been  exceeded  in  four 
years,  with  percentages  of  18,  24,  39,  and  40.  The  allowable  per- 
centage of  C  fires  is  at  or  about  15,  possibly  17.5. 

The  comparison  between  speed  of  attack  and  percentage  of  legiti- 
mate C  fires  (fig.  18)  shows  that  with  i^-hour  control  the  percentage 
of  C  fires  is  12,  and  with  i/^-hour  to  1  hour  control  it  is  24.  The  goal 
of  15  per  cent  of  legitimate  C  fires  will  be  attained  with  %-hour  con- 
trol.    Here  the  percentage  of  all  C  fires  (24  per  cent)  for  %-hour 
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Figure  17. 


-Relation  between  area  burned  and  percentage  of  class  C  fires,  mixed 
conifer    type,    1923-1928 


control  in  the  more  difficult  years  would  give  a  false  and  unnecessar- 
ily exacting  idea  of  the  hour  control  needed.  In  the  less  difficult 
group  of  years,  1-hour  control  is,  on  the  average,  sufficient. 


BRUSH-FIELD  TYPE 


The  area  of  the  brush-field  type  is  2,438,000  acres,  and  the  allow- 
able annual  acreage  (0.2  per  cent)  is  5,000.  This  goal  has  been  at- 
tained according  to  Figure  19,  in  tw^o  of  the  six  years ;  in  the  other 
four  years  the  C  percentages  were  28,  28,  36,  and  41,  an  excess 
acreage  burned.  The  detailed  relation  between  percentage  of  C 
fires  and  area  burned  is  not  so  consistent  as  in  the  yellow  pine  and 
mixed  conifer  types,  but  holds  sufficiently  well  to  permit  an  estimate 
of  20  as  the  allow^able  percentage  of  C  fires. 

Relation  between  speed  of  attack  and  percentage  of  legitimate  C 
fires  is  consistent  in  both  the  more  difficult  and  less  difficult  group 
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of  years.  (Fig.  20.)  In  the  more  difficult  years  less  than  1-hour 
and  more  than  %-hour  control  is  required  to  hold  C  fires  to  20  per 
cent,  and  %-hour  control  is  indicated.     In  the  less  difficult  years 
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Figure  18. — Relation  of  percentage  of  class  C  fires  to  speed  of  attack,  mixer  conifer 

type 

anything  up  to  2-hour  control  is  adequate.  Use  of  all  C  fires  would 
lead  to  the  unwarranted  conclusion  that  something  even  more  rajiid 
than  1/2-hour  control  is  required  in  the  brush-field  type. 
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Figure  19. — Relation  of  area  burned  to  porcontage  of  class  C  flres,  brush-field  type, 

1923-1028 

This  detailed  analysis  of  the  yellow  i)ine,  mixed  conifer,  and  brush- 
field  types  shows  unmistakably  that  all  have  the  same  requirement 
for  %-hour  control.  The  earlier  combination  of  these  types,  in  the 
discussion  of  the  inethod  for  determining  hour-control  needs,  can 
therefore  be  accepted  as  proper  and  the  conclusions  as  valid. 


HOUR  COXTEOL  FOR   FIRE   PROTECTION   IN   CALIFORNIA 


29 


HOUR  CONTROL 


FIRES    ATTAINING    CLASS       C 
IN    MORE    DIFFICULT    YEARS, 
1924,  1926,  1928. 


RRES  ATTAINING  CLASS     C 
IN    LESS    DIFFICULT   YEARS. 
1923.1925,1927. 


ALLOWABLE 
PERCENTAGE 


more: THAN  4  HRS 
2  TO  4  HOURS 
1  TO  2  HOURS 
!^  TO  1   HOUR 
J4  HOUR  OR  LESS 


5      0       5 
PER    CENT 


I  I  ALL  CLASS    C    FIRES 

ge  of  legit 
brushfield  type 


15  25  35 

LEGITIMATE    C    FIRES 


Figure  20. — Relation  of  percentage  of  legitimate  class  C  fires  to  speed  of  attack, 

■  "eld 


DOUGLAS  FIR  TYPE 

The  area  of  the  Douglas  fir  type  is  1,145,000  acres,  and  the  allow- 
able annual  burned  area  (0.2  per  cent)  is,  roughly,  2,500  acres.  The 
figures  for  four  of  the  six  years  (fig.  21)  have  been  at  or  below  this 
figure,  with  C  percentages  of  8,  8,  11,  and  26,  the  last-mentioned 
corresponding  to  an  even  2,500  acres.  In  the  other  two  years  with 
excess  acreage,  the  percentages  have  been  36  and  48.  The  allowable 
percentage  is  thus  about  20,  or  possibly  a  little  higher. 
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Figure  21. — Relation  between  area  burned  and  percentage  of  class  C  fires,  Douglas 

fir  type,  1923-1928 
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The  speed  of  attack  necessary  to  hold  legitimate  C  fires  to  20 
per  cent  of  the  total  number  in  difficult  years  is  clearly  indicated 
as  2-hour  control.  (Fig.  22.)  There  should  be  no  C  fires  among 
those  reached  within  a  half  hour  after  start.  In  the  less  difficult  years, 
anything  up  to  4-hour,  or  even  longer,  control  is  sufficiently  rapid. 

In  the  records  for  the  Douglas  nr  type  only  a  very  few'  fires  could 
be  eliminated  because  of  questionable  suppression  practice.  This 
is  perfectly  natural  in  a  type  where  fires  spread  slowly.  The  great- 
est chance  for  a  mistake  in  initial  attack  on  a  small  fire  occurs  when 
the  fire  is  spreading  rapidly  and  there  is  usually  only  one  chance 
to  do  the  right  thing,  which  must  be  done  immediately.  The 
problem  of  attaining  the  burned-area  objective  in  the  Douglas  fir 
type  is  therefore  almost  entirely  one  of  adequate  speed  of  attack. 


FIR  AND  SUGAR  PINE-FIR  TYPES 


A  detailed  analysis  of  the  fir  type  and  of  the  sugar  pine-fir  type 
showed  that  the  two  have  similar  hour-control  needs,  and  they  have 
therefore  been  combined.     The  acreage  of  the  two  types  is  2,120,000, 
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Figure  22. — Relation  between   percentage   of  legitimate   class   C  fires  and   speed   of 
attack,  Douglas  fir,  1023-1928 

and  the  allowable  annual  burn  is  thus  about  4,500  acres.  (Fig.  23.) 
In  three  of  the  six  years  this  figure  has  been  attained,  with  corre- 
sponding C  fire  percentages  of  8,  9,  and  10.  The  1928  record,  with 
12.5  per  cent  C  fires  and  14,500  acres  burned,  is  clearly  out  of  line 
with  the  records  of  the  other  years  in  this  and  the  other  major  types. 
The  reason  is  that  two  poorly  handled  fires  in  1928  burned  a  consid- 
erable acreage.  Taking  the  data  as  a  whole,  the  allowable  percentage 
of  C  fires  may  be  fixed  at  15. 

The  percentage  of  legitimate  C  fires  (fig.  24)  is  low,  regardless  of 
speed  of  attack,  even  in  the  more  difficult  group  of  years.  Assuming 
that  future  rate  of  spread  of  fire  will  be  no  greater  than  in  the  period 
under  review,  4-hour  control  is  rapid  enough  for  these  types. 

GRASS  AND   WOODLAND  TYPES 

These  two  types  can  properly  be  grouped,  for  in  both  the  spread 
of  fire  is  very  rapid  and  fuels  and  weather  conditions  are  essentially 
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alike.  The  total  acreage  involved  is  1,506,000  acres,  and  the  allow- 
able annual  burned  area  is  7,500  acres  (0.5  per  cent).  Previous  in- 
vestigation and  general  experience  combine  to  show  that  a  system 
of  fire  lines  and  fire  breaks  is  generally  needed  in  addition  to  hour 
control  if  burned  area  is  to  be  held  to  a  reasonable  figure. 
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PER   CENT  M    ACRES 

Figure  23. — Relation  between  acreage  burned  and  percentage  of  class  C  fires,  fir  and 
sugar  pine-fir  types  combined 

The  existence  and  use  of  a  partial  system  of  fire  breaks  in  these 
types  has  somewhat  obscured  the  relation  between  area  burned  and 
percentage  of  C  fires.  Superficially,  this  relation  is  fairly  consistent 
(fig.  25),  and  it  appears  that  the  best  approximation  of  allowable 
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Figure  24. — Relation  between  percentage  of  class  C  fires  and  speed  of  attack,  fir 
and  sugar  pine-fir  types  combined 

percentage  of  C  fires  is  20  per  cent.  This  figure  is  out  of  line,  how- 
ever, with  the  15  per  cent  limit  determined  for  the  western  yellow 
pine  type,  characterized,  like  the  grass  and  woodland  types,  by  rapid 
spread  of  fires.  It  seems  much  safer  to  say  that  15  per  cent  should, 
be  the  goal  in  all  of  these  types. 
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The  relation  between  speed  of  attack  and  percentage  of  C  fires  is 
fairly  consistent  and  regular.  (Fig.  26.)  For  the  difficult  years 
something  between  i^-hour  and  1-hour  control  is  needed — %-hour 
control  best  fits  the  data.  In  the  less  difficult  years  2-hour  control 
will  be  generally  adequate. 
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Figure  25. — Relation  between  area  burned  and  percentage  of  class  C  fires,  grass 
and  woodland  types  combined 

ALL  TYPES 

The  detailed  analysis  of  individual  types  leads  to  the  conclusion 
that  %-hour  control  will  on  the  average  be  required  for  the  yellow 
pine,  mixed  conifer,  brusli,  grass,  and  woodland  types;  2-hour  con- 


HOUR 
CONTROL 

LEGITIMATE   C  FIRES  IN 

MORE  DIFFICULT  YEARS, 

1924,1926,1928 

LEGITIMATE  C   FIRES  IN 

LESS  DIFFICULT  YEARS, 

1923,1925,1927 

4  HRS.OR  LESS 
3  HRS.OR  LESS 
2  HRS.OR  LESS 
1  MR.  OR  LESS 
iHR.OR  LESS 

^^^ALLOWABLE 

PERCENTAGE-*^ 

!                    f                    ' 

1                       I                       i                1 

\^e 

36    1              1 

1 

1                        1 

m, 

30  1 

1        i 

1 

ii9^> 

,4| 

1        1 

m 

M 

f 

J 

0 

|6        . 

P5 


5  0         5 

PER  CENT 


15 


25 


Figure   2G. — Relation   botwoen   porcentnRe   of   class    C    flros   and    speed   of   attack, 
grass  and  woodland  typos  combined 

trol  for  the  Douglas  fir  type;  and  4-h()ur  control  for  the  sugar  pine- 
fir  and  fir  types. 

It  should  require  little  argument  to  justify  the  statement  that 
iinder  the  conditions  whereby  detection  and  guard  forces,  protection 
improvements,  and  transportation  systems  are  actually  planned  and 
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put  into  effect  on  the  ground,  inflexible  adherence  to  these  hour- 
control  standards  will  be  impossible  and  undesirable. 

For  one  thing,  each  of  the  major  types  embraces  a  multitude  of 
local  variations,  and  these  differences  can  and  should  be  recognized. 
Obviously,  the  detailed  local  analyses  to  accomplish  this  do  not  come 
within  the  scope  of  this  bulletin. 

It  would,  however,  be  a  serious  mistake  to  regard  these  proved 
hour-control  needs  as  merely  a  rough  guide  to  general  judgment. 
Regardless  of  the  fact  that  local  variations  in  hour  control  and  per- 
centage of  area  covered  will  have  to  be  taken  into  account,  the  figures 
represent  the  safest  available  guide  in  making  fire-control  allot- 
ments. 

TIME  ALLOWANCE  FOR  TRAVEL  IN  SETTING  UP  HOUR  CONTROL 

Hour  control,  by  definition  and  as  used  in  this  bulletin,  means 
total  time  elapsing  from  start  of  fire  until  suppression  work  is 
started.  It  therefore  includes,  as  mentioned  earlier,  discovery,  re- 
port, get-away,  and  travel  time. 

In  the  process  of  translating  hour  control  for  each  type  into  a  fire- 
control  organization  capable  of  delivering  the  specified  protection, 
it  is  necessary  to  subdivide  the  total  time  into  its  elements.  It  is 
particularly  urgent  to  know,  for  example,  what  part  of  the  three- 
quarters  of  an  hour  set  up  as  the  objective  for  the  western  yellow 
pine  type  must  be  used  for  the  discovery,  report,  and  get-away 
steps.  When  this  allowance  is  known,  the  local  officers  can  use  the 
remaining  time  as  the  basis  for  planning  the  transportation  system, 
and  determining  the  number  and  placement  of  fire  guards.  It  will 
obviously  make  a  vast  difference  in  mileage  and  cost  of  the  trans- 
portation system  whether  a  half  hour  will  be  available  for  travel  or 
only  15  minutes. 

The  problem  can  best  be  stated  by  asking  the  question,  "  What  is 
the  average  minimum  allowance  needed  for  discovery,  report,  and 
get-away  time?  "  This  question  may  be  further  restricted  by  not- 
ing that  when  these  steps  combined  have  totaled  more  than  three- 
quarters  of  an  hour  the  opportunity  for  %-hour  control  has  passed. 
On  many  fires  discovery  time  alone  is  over  one  hour. 

Evidently,  when  %-hour  control  is  the  objective,  the  time  allow- 
ance for  the  discovery,  report,  and  get-away  ^teps  should  be  based 
on  the  average  best  of  present  performance.  This  would  mean  di- 
rect visibility,  and  consequently  short  .discovery  time;  an  efficient 
telephone  system,  and  consequently  short  report  time;  an  alert  and 
prepared  guard  force,  and  consequently  short  get-away  time.  These 
conditions  are  met  on  those  fires  which,  with  the  existing  organiza- 
tion and  protection-improvement  system,  have  been  reached  within 
one  hour  after  start.  / 

The  average  time  used  in  travel  has  been  determined  for  the  mixed 
conifer  and  western  yellow  pine  types  on  the  Shasta  and  Plumas 
National  Forests,  for  each  of  the  hour-control  groups.  (Table  10.) 
A  separate  figure  is  given  for  each  of  the  two  groups  of  years,  as 
well  as  the  average  for  the  six  years.  Similar  figures  for  the  pine 
type  alone  are  presented  in  Figure  27.  Except  for  the  travel  time 
on  fires  which  were  not  reached  until  three  hours  or  more  after  they 
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started,  the  figures  are  practically  identical  for  corresponding  hour- 
control  steps  in  the  two  groups.  This  shows,  again,  that  the  me- 
chanics of  fire  control  have  been  practically  the  same  in  the  more 
difficult  and  less  difficult  years. 

Table  10. — Travel  time  in  each  elapaed-time  group  in  two  3-ycar  groups,  Shasta 
and  Plumas  National  Forests,  western  yellow  pine  and  mixed  conifer  types, 
combined 


1924,  1926,  1928 

1923,  1925,  1927 

1923  to  1928, 
inclusive 

Hour  control 

Fires 

Average 
travel 
time 

Fires 

Average 
travel 
time 

Fires 

Average 
travel 
time 

Half-hour  or  less 

Number 
180 
120 
90 
36 
20 
62 

Hours 
0.14 
.33 
.55 
.60 
.64 
1.24 

Number 
133 
87 
68 
39 
35 
55 

Hours 
0.13 
.31 
.52 
.55 
.40 
3.40 

Number 
415 
264 
206 
99 
74 
165 

Hours 
0  14 

yi  to  1  hour 

32 

1  to  2  hours.- 

.50 

2  to  3  hours 

65 

3  to  4  hours.     .  . 

69 

More  than  4  hours 

2.20 

The  average  travel  time  going  to  all  fires  in  the  i^-hour  or  less 
and  %-hour  to  1-hour  control  groups  was,  respectively,  0.14  and  0.32 


TRAVEL  TIME   IN 

LESS   DIFFICULT  YEARS, 

1923,1925,1927 


FiGURB  27. — Comparative  distance  traveled  in  diff«'rent  hour-control  groups  by 
auto  and  by  foot,  western  yellow  pine  type,  Shasta  rind  I'lumas  National  For- 
ests, 1923-1928 

hour,  averaging  0.22  hour.  The  average  total  elapsed  time  from 
start  of  fire  to  work  begun  corresponds  closely  to  the  median  values 
of  0.25  and  0.75  hour  for  the  2-hour-control  groups,  or  0.50. 

The  difference  between  travel  time  and  hour  control  for  the  two 
groups,  or  0.28  hour,  is  thus  the  average  best  time  for  the  combined 
discovery,  report,  and  get-away  steps.  This  amounts  to  17  minutes, 
or  approximately  one-quarter  hour.  With  %-hour  control,  there- 
fore, it  can  be  concluded  that  a  half  hour  is  available  for  travel 
time.  The  road  and  trail  system  and  the  protection  personnel  in 
types  where  %-hour  control  is  needed  can,  therefore,  be  planned  on 
this  basis. 
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The  figures  given  indicate  clearly  the  truth  of  the  generally  rec- 
ognized conclusion  that  travel  time  is  by  no  means  the  only  factor 
contributing  to  delay  in  reaching  fires.  Among  man-caused  fires 
reached  over  four  hours  after  they  started,  travel  time  is  in  fact,  on 
the  average,  not  the  major  factor.  The  principal  delay  is  in  discov- 
ery time.  Though  it  is  not  proposed  to  discuss  the  detection  system 
in  detail  at  this  time,  it  is  well  to  note  that  the  increased  speed  in 
reaching  fires  attainable  through  increased  mileage  of  roads  and 
trails  is  not  by  itself  the  com- 
plete answer  to  adequate  hour 
control.  If  the  median  time  is 
taken  for  each  of  the  control 
steps  under  four  hours,  the  fol- 
lowing values  are  expressed  in 
hours:  0.25,  0.75,  1.5,  2.5,  3.5, 
and  the  corresponding  travel 
times  as  0.13,  0.32,  0.^50,  0.65, 
and  0.7  hour.  The  percentages 
of  travel  time  in  each  hour-con- 
trol group  are  thus  52,  43,  33, 
26,  and  20  per  cent,  respectively. 
The  travel  time  obviously  is 
increasingly  more  important  as 
higher  hour-control  standards 
are  set. 

CONDIXIONS  AFFECTING  TRAVEL  TIME 

The  time  consumed  in  travel 
is  governed  by  two  major  fac- 
tors, the  distance  covered  and  the 
means  of  transportation.  Some 
consideration  of  these  is  desir- 
able as  part  of  the  present  study. 

the  four  major  means  of  travel,  foot,  horse,  auto,  and  auto-foot  are 
given  in  Figure  28  and  Table  11  for  fires  in  each  of  the  hour-control 
groups  and  covering  the  western  yellow  pine  and  mixed  conifer  types 
on  all  national  forests  for  the  years  1923  to  1928.  The  expected  rela- 
tionships between  relative  speed  and  method  of  travel  evidently  exist 
in  practice.  With  auto  the  average  distance  that  was  covered  in  half 
an  hour,  or  the  allowance  for  %-hour  control,  is  approximately  5i^ 
miles,  with  horse  nearly  3%  miles,  and  on  foot  about  one-half  mile. 

Further  analysis  of  the  comparative  -  average  distance  covered 
where  auto  and  foot  travel  are  used  in  the  western  yellow  pine  type 
on  the  Shasta  and  Plumas  National  Forests  confirms  the  magnitude 
of  these  differences.  (Fig.  29.)  The  auto  increases  the  distance 
that  is  covered  in  a  given  time  within  the  smaller  hour-control 
groups  from  ten  to  twenty  times  the  distance  covered  by  foot  travel 
alone. 
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Figure  28. — Relation  between  means  of 
travel  and  distance  covered,  western 
yellow  pine  and  mixed  conifer  types 
combined,  all  national  forests,  1923-1928 

The  average  distances  covered  by 
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Table  11. — Comparative  dutance  traveled,  western  yellow  pine,  mixed  conifer 
types,  all  forest h,  1!)23-1D28 


By  auto 

By  auto  and  foot 

By  horse 

By  foot 

Hour  control 

Fires 

Average 
distance 

Fires 

Average 
distance 

Fires 

Average 
distance 

Fires 

Average 
distance 

Half  hour  or  less 

Number 
251 
212 
202 
90 
54 
161 

Miles 
3.04 
5.32 
7.8 
9.03 
8.4 
10.4 

Number 
15 
44 
54 
26 
24 
81 

Miles 
4.3 

4.6 
6.4 
7.7 
9.0 
12.7 

Number 
7 
7 

19 
9 
10 
23 

MiUs 
2.7 
3.0 
4.7 
4.4 
8.0 
7.2 

Number 
149 
61 
43 
28 
8 
35 

Miles 
0.17 

J^  to  1  hour 

.49 

1  to  2  hours 

.80 

2  to  3  hours. 

.60 

3  to  4  hours 

1.0 

More  than  4  hours 

1.24 

To  determine  whether  these  average  figures  can  be  accepted  as 
criteria  of  attainable  distances  for  a  given  hour  control,  a  further 
analysis  was  made  of  distances  covered  by  auto  in  the  less  than 
i/^-hour  control  group.     (Fig.  30.)     This  shows  that  the  distance 


Figure  29. — Comparative  distances  traveled  in  different  hour-control  groups  by 
auto  and  by  foot,  western  yellow  pine  type,  Shasta  and  Plumas  National  Forests, 
1923-1928 

traveled  was  less  than  5  miles  on  84  per  cent  of  the  fires  handled  in 
the  less  than  %-hour  control  group  for  the  two  forests  and  two 
types,  and  below  two  miles  on  60  per  Cent.  The  average  distances 
shown  in  Figure  28,  therefore,  represent  reasonably  usable  averages 
of  performance  for  the  types  of  road  now  generally  available. 
Changes  in  road  standards  would  change  the  speed. 

The  average  area  covered  by  a  fire  guard  in  a  given  length  of 
time  will  vary  about  as  the  square  of  the  speed  per  hour."  Using 
the  figures  derived  here,  the  comparative  areas  within  one  hour  of 
travel  time  would  be  as  follows : 

Acres 

Foot  travel ;_— 0.  25 

Horse  travel > '9.0 

Average ^ ; _. 4  6 

Auto  and  foot 13.  7 

Auto 18.  5 

Averaj^e Ift.  1 


5  This  is  a  rough  approximation  of  the  relation  of  radius  and  area  and  will  naturally 
vary  within  a  given  guard  unit. 
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On  an  average,  where  roads  were  available  and  autos  and  auto 
and  foot  could  be  used,  the  index  was  16.1  (the  average  of  13.7  and 
18.5)  as  compared  with  an  average  of  4.6  (the  average  of  0.25  and  9) 
where  trails  only  are  available  and  horse  or  foot  travel  must  be  used. 
On  an  average,  therefore,  the  existence  of  a  road  system  multiplies 
by  nearly  four  times  the  area  that  a  guard  can  cover  in  a  given  length 
of  time.     In  the  data,  the  exceedingly  slow  time  for  foot  travel  is 
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30. — Comparative  percentage  of  all  fires,  reached  within  one-half  hour  after 
in   which  different  distances  were  traveled  by  auto,   western  jellow  pine 
Plumas  and  Shasta  National  Forests,  1923-1928 


probably  due  in  the  main  to  absence  of  both  roads  and  trails  and 
the  consequent  necessity  of  cross-country  travel  through  heavy  cover. 
The  means  of  travel  used  to  reach  man-caused  fires  during  the 
6-year  period  have  been  segregated  for  five  of  the  more  important 
types.  (Tables  12  and  13  and  fig.  31.)  From  these  data  it  appears 
that  the  western  yellow  pine  type  is  at  present  the  most  accessible, 
having  a  higher  percentage  of  fires  reached  by  auto  than  has  any 
other  type.  The  mixed  conifer  is  somewhat  behind  it,  and  the 
Douglas  fir,  fir,  and  brush-field  types  form  a  third  group  consider- 
ably lower  in  the  scale  of  accessibility.     This  explains  in  part  why 
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major  variation  in  speed  of  attack  exists  in  the  different  types  (fig.  1), 
for  obviously  where  the  automobile  can  be  used  speed  of  attack  as 
governed  by  travel  time  is  greatly  reduced. 

Table  12. — Fires  reached  hy  different  typical  means  of  travel,  by  types,  all 

f(yre8tH,  1923-1928 


Type 

Auto 

Auto  and 
foot 

Horse 

Foot 

other 

Total 

Num- 
ber 

Per 
cent 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Western  yellow  pine j 

926 

413 

42 

83 

105 

68 

32 
29 

269 
166 
37 
44 
96 

16 
16 
23 
17 
26 

78 
131 
34 
49 
52 

6 
13 
21 
19 
14 

318 

81 
106 

20 
27 
28 
31 
29 

22 

16 

1 
3 
8 

1 
2 

1 
1 
2 

1,603 
973 

Douglas  fir 

168 

260 

Brush  field       

366 

Total 

1,669 

47 

691 

18 

344 

10 

806 

24 

60 

1 

3,360 

Table  IS.— Fires  reached  by  different  typical  means  of  travel,  western  yellow 
pine,  mixed  conifer,  and  brush-field  types  combined,  all  forests 
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cent 

Num- 
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Per- 
cent 

Num- 
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Per- 
cent 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Per- 

cent 

Num- 
ber 

192S 
1924 
192! 
192f 
192; 
192J 

178 
394 
166 
496 
286 
269 

48 
54 
56 
63 
52 
49 

65 
104 
43 
72 
99 
121 

18 
14 
14 
9 
18 
22 

50 
78 
18 
60 
27 
28 

13 
11 
6 
8 
6 
5 

72 
134 

65 
149 
135 
126 

19 
19 
22 
19 
24 
23 

.5 

6 

5 

8 

2 
2 
2 

1 

1 

371 



724 



298 

}     

783 

660 

662 

... 
Total 

1, 788         65 

604 

16 

261 

8 

681 

21 

44 

1 

3,278 
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FiauBB  31. — Comparative  percentage  of  fires  reached  by  dlfforont  means  of  travel  for 
different  types,  all  national  forests,  1923-1028 

There  have  been  progressive  changes  during  the  6-year  period  in 
the  relative  proportion  of  fires  reached  by  the  different  means  of 
travel.     (Fig.  32.)     A  slow  increase  in  the  percentage  of  fires  reached 
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by  auto  and  auto  and  foot  combined  has  about  absorbed  the  slow 
decrease  in  percentage  of  fires  reached  by  horse  travel. 

These  figures  alone  probably  do  not  give  a  complete  picture  of 
changes  in  travel  during  the  period.  For  one  thing,  the  progressive 
spreading  out  of  recreational  travel  has  meant  an  increasing  percent- 
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Figure  82. — Comparison  of  auto  and  auto  and  foot  with  all  other  modes  of  travel, 
in  percentage  of  all  fires  so  reached,  western  yellow  pine,  mixed  conifer,  and 
brush-field  types,  1023-1928 

age  of  smoker  and  camper  fires  in  inaccessible  territory.  As  between 
absolutely  comparable  groups  of  fires  for  the  years  1923  and  1928, 
the  percentage  reached  by  auto  would  have  increased  more  than  is 
indicated  above. 


FACTORS  AFFECTING  APPLICATION  OF  METHOD 

The  hour  control  needed  for  each  major  type  as  determined  in 
this  bulletin  and  the  portion  of  that  time  that  can  be  devoted  to 
travel,  obviously  can  not  be  fixed  inflexibly. 

In  studying  an  individual  national  forest  or  an  individual  ranger 
district  several  special  considerations  would  have  to  be  taken  into 
account.     These  would  include : 

Whether  the  entire  area  was  subjected  to  risk,  as  indicated  by  occurrence 
of  fires.  If,  as  is  commonly  the  case,  considerable  areas  have  had  no  fires 
for  a  period  of  5,  10,  or  more  years,  no  immediate  necessity  would  exist  for 
including  them  within  the  hour-control  net. 

Whether  local  variability  exists  within  the  type.  If,  for  example,  areas 
of  cut-over  land  are  present  within  the  western  yellow  pine  tyi^e  it  may  be 
necessary  to  plan  for  even  better  than  a  %-hour  control. 

Whether  areas  of  specially  high  risk,  hazard,  or  values  are  present,  which 
should  be  given  adequate  protection  at  all  costs.  The  existence  of  such  areas 
would  probably  dictate  early  construction  of  the  needed  protection  improve- 
ments rather  than  a  change  in  hour-control  standards. 

Whether  local  weather  conditions  indicate  need  for  variation  in  hour 
control.  If,  for  example,  a  part  of  the  Douglas  fir  type  is  within  the  fog 
belt,  where  fires  consequently  spread  more  slowly  than  the  average  rate  for 
the  type,  a  lower  than  average  hour  control  may  give  satisfactory  results. 
Or,  if  a  portion  of  the  western  yellow  pine  type  lies  in  a  basin  which  is  a 
wind  gap,  and  consequently  fires  usually  spread  more  rapidly  than  the  av- 
erage for  the  type,  a  faster  than  average  hour  control  may  be  indicated. 
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Whether  complete  dependence  must  be  placed  on  the  first  line  of  defense. 
If,  for  example,  because  of  the  complete  absence  of  potential  fire  fighters, 
fires  over  a  large  area  must  be  handled  by  Forest  Service  employees  alone, 
a  safety  factor  an  the  form  of  faster  than  average  hour  control  may  be 
desirable.  In  such  situations  the  alternatives  are  ordinarily  to  catch  fires 
small  with  the  employees  present,  or  to  accept  very  large  and  costly  fires, 
on  which  labor  must  be  imported  from  long  distances. 

All  of  these  local  factors  can  be  determined  and  their  importance 
and  significance  weighed  by  analyzing  the  local  fire  history  for  the 
particular  area.  It  is  unnecessary  and  generally  undesirable  to 
measure  them  by  assumption.  The  general  approach  to  local 
studies  should  be  that  the  average  values  for  hour  control,  which 
are  based  on  all  available  data,  are  correct  for  individual  situa- 
tions, except  where  definite  demonstrable  and  sufficient  reasons  for 
departure  exist.  These  departures  are  likely  to  be  less  numerous 
than  the  agreements. 

In  using  this  method  the  entire  allowable  burned  acreage  in  each 
type  has  been  assigned  to  man-caused  fires.  The  assumption  has 
therefore  been  that  the  detection,  communication,  personnel,  trans- 
portation, and  suppression  practice  that  will  deliver  the  hour  con- 
trol indicated  for  each  type  will  at  the  same  time  hold  lightning 
fires  to  a  negligible  acreage.  This  assumption  very  clearly  leads  to  a 
conservative  determination  of  hour-control  needs,  but  is  proper  and 
correct  to  the  degree  that  lightning  and  man-caused  fire  zones  coin- 
cide, and  to  the  degree  that  human  failure  in  suppressing  lightning 
fires  can  be  eliminated  in  the  future.  In  this  region  are  only  a  few 
large  zones  in  which  lightning  is  the  sole  risk.  On  such  areas  an 
analysis  of  lightning  fires  can  readily  be  made  to  determine  the 
needed  hour  control. 

Obviously,  even  after  average  hour-control  objectives  have  been 
translated  into  local  objectives  to  meet  the  needs  of  particular  areas, 
further  work  must  be  done  to  determine  the  exact  protection 
improvements  and  protection  personnel  needed  to  attain  these 
objectives.  A  method  or  technic  for  translating  the  hour-control 
objective  into  a  transportation  and  personnel  system  has  been 
developed  by  T.  W.  Norcross,  chief  engineer  of  the  Forest  Service, 
but  has  not  yet  been  published.  The  systematic  use  of  this  method 
will  insure  the  most  economical  and  best  balanced  fire-control 
organization. 

CONCLUSIONS 

Continued  advance  toward  the  ultimate  solution  of  the  fire  prob- 
lem on  the  national  forests  and  elsewhere  requires  additional  pro- 
tection, additional  knowledge  of  how  best  to  use  the  resources  obtain- 
able, and  better  execution  or  known  steps  and  jobs.  The  fire  problem 
can  no  longer  be  regarded  as  a  simple  proposition  for  which  a  ready 
solution  in  terms  of  things  to  be  done  can  be  set  forth.  It  is,  on  the 
contrary,  an  exceedingly  complex  group  of  overlapping  and  inter- 
twined problems,  and  each  o'f  these  must  be  isolated  and  a  separate 
solution  worked  out  before  fire-control  organizations  can  guarantee 
reasonable  and  systematic  success  under  every  set  of  circumstances. 

The  best  and,  indeed,  the  only  method  by  which  phases  of  the 
whole  problem  can  be  examined  and  by  which  specific  needs,  financial 
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and  other,  can  be  met  is  that  of  test  and  analysis.  Actual  experience 
is  the  only  guide.  But  experience,  if  it  is  to  serve  adequately,  must 
be  analyzed  critically  and  systematically.  Otherwise,  important  and 
critical  relationships  which  would  furnish  leads  to  more  successful 
performance  may  easily  be  obscured. 

All  fire-control  organizations  now  collect  and  record  more  or  less 
detailed  facts  regarding  each  fire  that  they  handle.  These  facts 
furnish  the  indispensable  basis  for  analytical  studies,  such  as  this, 
dealing  with  one  phase  or  another  of  the  fire  problem.  Further, 
such  studies  as  this  accentuate  the  importance  of  a  sustained  and 
systematic  effort  to  obtain  and  record  accurately  the  complete  facts 
regarding  each  fire.  Great  differences  exist  in  this  respect  between 
different  fire-control  organizations.  It  is  to  be  doubted  whether 
full  understanding  of  the  fire-control  problem  either  regionally  or 
nationally  will  be  attained  until  the  complete  facts  on  each  individual 
fire  are  systematically  recorded. 

But  it  is  to  be  doubted  whether  full  use  is  being  made  by  any 
fire-control  agency  of  the  records  of  experience  that  are  now  steadily 
accumulating.  Certainly  it  appears  that  such  an  available  and  useful 
tool  for  a  comprehensive  attack  on  the  fire  problem  should  be  more 
generally  employed.  Indeed,  a  clear  obligation  rests  on  fire-control 
agencies,  both  to  determine  their  complete  needs  by  means  of  such 
analyses,  and  to  control  expenditures  and  direct  them  into  the  most 
profitable  channels  by  taking  full  account  of  analyzed  experience. 

Whether  the  exact  method  of  analysis  developed  in  this  bulletin 
would  be  applicable  to  another  and  different  region  is  a  matter  of 
conjecture.  Only  scientific  analysis  of  adequate  records  can  answer 
that  question. 

APPENDIX 

COVER  TYPES  OF  NORTHERN  CALIFORNIA 

The  region  studied  is  one  of  varied  and  rough,  broken  topography  with  a 
great  range  in  elevation  varying  from  1,000  feet  above  sea  level  in  the  valleys 
to  14,000  feet  at  the  crest  of  the  Sierra.s.  Cover  type  consequently  varies  enor- 
mously. The  nine  major  cover  types  employed  in  this  study  are  those  used  in 
national-forest  administration,  (Table  14.)  They  may  be  summarized  briefly, 
as  including  (1)  the  western  yellow  pine  type,  of  which  western  yellow  pine 
{Pinus  ponderosa)  is  the  principal  tree,  and  (2)  the  mixed  conifer  type,  in 
which  western  yellow  pine  grows  in  mixture  with  sugar  pine  {P.  lamhertiana) , 
and  in  which  Douglas  fir  (Pseudotsii^ga  taa^ifoUa),  incense  cedar  {Libocedrus 
decurrens),  and  white  fir  {Abies  conoolor)  occur  as  associate  trees  in  varying 
proportions.  Douglas  fir  also  occurs  as  a  distinct  type  (3).  The  sugar  pine-fir 
type  (4)  is  composed  of  white  and  red  fir  (A.  concolor  and  A.  maffnifloa)  in 
mixture  with  sugar  pine.  In  some  places  Jeffrey  pine  {Pinus  jeifreyi)  takes 
the  place  of  the  western  yellow  pine  in  the  stands  or  may  grow  with  it  in 
mixture  with  other  species.  The  pure  fir  type  (5)  includes  white  fir,  mixtures 
of  white  and  red  firs,  and  red  fir  alone.  Within  the  timber  belt  a  temporary 
association,  the  brush  field  (6),  has  in  many  places  captured  the  land  following 
the  destruction  of  the  forests  by  fire,  logging,  or  both.  This  type  is  in  general 
considered  separately  from  the  even  less  promising  chaparral  type  (7). 
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Table   14. — Distribution   of   cover-tvpe    areas   in   national-forest    groups^    of 

northern  California 


[Thousan 

ds  of  acres 

i.e.,  000  omitted] 

Cover  type 

Northern 
forests 

East  side 
forests 

North 
Sierra 
forests 

South 
Sierra 
forests 

All  forests 

Total 

Percent 

"Western  yellow  pine 

1,491 

1,328 

1,101 

91 

341 

105 

258 

248 

1,045 

1,244 

138 

6 

43 

266 

277 

38 

332 

213 

1,049 

635 

35 

341 

567 

76 

12 

39 

385 

770 

1,026 

3 

4,554 

3,127 

1,145 

475 

1,644 

555 

403 

951 

2,239 

30  2 

Mixed  conifer 

20  7 

Douglas  fir... 

7  6 

Sugar  pine-fir 

3  1 

Fir 

470 
97 
95 
332 
596 

10  9 

Grass 

3  7 

Chaparral 

2.7 

Woodland 

6  3 

Brush 

14.8 

All  types 

6,008 

2,557 

3,139 

3,389 

15,093 

100  0 

>  Northern,  Klamath,  Trinity,  Shasta,  and  California  National  Forests;  east  side,  Modoc  and 

National  Forests;  north  Sierra,  Plumas,  Tahoe,  and  Eldorado  National  Forests;  south  Sierra,  Stanislaus, 
Sierra,  and  Sequoia  National  Forests. 

Grouped  for  the  sake  of  simplicity  and  because  of  similarity  are  several  wood- 
land types  (8),  including  the  oak  {Quercus  douglasii),  oak-digger  pine  (Pinus 
sabiniana)  and  digger  pine  of  the  western  Sierra  Nevada  slopes,  the  juniper 
(Juniperus  occidentalis)  and  juniper-mountain  mahogany  {Cercocarpus  ledifo- 
lius)  of  the  eastern  slopes,  and  the  California  black  oak  {Q.  kelloggU)  and  ma- 
drono {Arbutus  menziesii)  mixtures  of  the  north  Coast  Ranges.  The  grassland 
type  (9)  includes  areas  on  which  occur  sage  (Artemesia  tridentata),  bitter  brush 
(Kuntzia  tridentata),  and  the  rabbit  brushes  {CJirysothamus  sp.).  The  alpine 
and  subalpine  types  are  practically  free  from  fires  and  are  not  considered. 

In  a  broad  way  the  major  types  succeed  each  other.  On  the  Sierra  foothills 
are  grass  and  chaparral;  eastward,  oak  and  digger-pine  woodland,  followed 
by  commercial  forests  of  western  yellow  pine,  mixed  conifer,  sugar  pine-fir, 
and  pure  fir;  then  across  the  summit  are  scattered  alpine  protection  forests; 
lower  on  the  east  slope,  pure  fir,  commercial  mixed  conifer,  pure  western  yel- 
low and  Jeffrey  pine  forests  and  juniper  woodland ;  and  on  the  eastern  plateau, 
sagebrush  and  grassland.  An  exception  is  the  Douglas  fir  type,  which  is 
largely  confined  to  the  northern  group  of  forests.  Locally  the  types  follow  no 
simple  successive  altitudinal  arrangement,  but,  because  of  minor  variations 
in  topography,  aspect,  or  soil,  are  intermingled.  The  normal  zonation  is  fur- 
ther upset  and  in  places  obscured  by  the  presence  of  brush  fields. 

The  important  physical  differences  between  cover  types  in  climatic  factors, 
fuels,  and  behavior  of  fires — particularly  the  composition  of  the  commercial 
timber  stands  and  forage  types — exhibit  great  variation  within  tlie  region,  and 
Indicate  the  complexity  of  the  fire  problem  and  the  extreme  fiexibility  neces- 
sary in  a  control  organization  designed  to  cope  with  the  problem.  Even  the 
individual  types,  because  of  site  differences  and  effect  of  previous  fires,  vary 
enormously  within  themselves.  Density,  height,  and  age  of  the  timber;  degree 
and  direction  of  slope;  amount  and  character  of  associated  vegetation;  and 
presence  or  absence  of  young  growth,  all  vary  at  times  from  acre  to  acre  and 
hence  affect  the  spread  and  severity  of  fires.  With  given  fuel,  slope,  and 
soil,  the  spread  of  fires  also  varies  greatly  from  time  to  time  as  the  moisture 
content  of  tlie  fuel  and  the  velocity  of  the  wind  vary.  The  behavior  of  fire  in 
each  type  is  controlled  not  only  by  the  amount  and  kind  of  fuel,  but  also 
directly  by  the  climatic  elements  of  which  the  type  itself  is  an  expression. 
f 

DIFFBEENCES   IN*   TBMPERATUBE,    SOIL   MOISTURE,    AND   PRECIPITATION 

An  investigation'  conducted  by  the  Forest  Service,  which  covered  the  rela- 
tion of  air  temperature  and  soil  moisture  to  the  principal  timber  types,  except 


•  No  comprehensive  study  of  types  and  climate  has  been  completed  for  this  region.     The 
only  published  studies  are :  Varnky,  B.  M.     monthly  variation  of  the  PRBriPiTATiON- 

ALTITUDB    RBLATION    IN    THK    CENTRAL     SIERRA    NEVADA    REGION    OF    CALIFORNIA.       U.    S.    Mo. 

Weather  Rev.  48  :  648-650,  illus.     1920. 


SEASONAL  PRECIPITATION   IN   CALIFOENIA  AND  ITS  VARIATION. 

Rev.  53  :  148-163,  208-218,  illus.     1925. 


U.  S.  Mo.  Weather 
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Douglas  fir,  in  the  central  portion  of  the  Sierra  region,  has  brought  out  the 
differences  between  the  upper  and  lower  portions  of  the  commercial  timber 
belt.  (Table  15.)  The  frostless  season  ranged  in  length  from  97  days  in  the 
fir  types  to  162  days  in  the  western  yellow  pine  and  length  of  the  growing 

Table  15. — Climatological  data  from  stations  characteristic  of  various  forest 
types  on  Plumas  National  Forest,  1014-1017 


Cover  type 

Eleva- 
tion of 
station 

Aspect 

Mean 
temper- 
ature, 
August 

Frost- 
less 
season 

Grow- 
ing 
season 

Hours  during 
growing  sea- 
son- 

Soil 
temper- 
ature, 
August 

Soil 
mois- 

Above 
85°  F. 

Above 
70°  F. 

August 

Western  yellow  pine 

Mixed  conifer    .    

Feet 

2,700 

4,000 

{  5,000 

4,000 

5,000 

/  6,000 

\6,000 

/  7,000 

\  7,000 

South 

...do 

...do 

North 

...do 

South 

North 

South 

North 

°F. 
74.4 

70.4 

66.5 
}    66.3 

}     51. 1 

Days 
162 

158 

108 
104 

97 

Days 
200 

180 

155 
150 

135 

No. 
498 

262 

84 
14 

1 

No. 
1,396 

1,070 

841 
360 

219 

°F. 
72 

69 

66 
63 

Per  cent 
3 

5 

6 

Fu-,  white.. 

8 

Fir,  red                     

season  from  135  to  200  days.  But  neither  length  of  frostless  season  nor  that 
of  the  growing  season  can  be  regarded  as  directly  controlling  the  length  of  the 
fire  season;  rather,  each  is  a  useful  indicator  thereof.  The  difference  between 
the  two  extremes,  65  days  for  the  frostless  season  and  65  days  for  the  growing 
season,  both  exceeded  the  difference  between  the  same  types  in  length  of  fire 
season,  which  is  42  days.     (Table  16.) 

Table  16. — Average  length  of  fire  seasons  l)y  types  ^ 


Type 

Opening 
date 

Closing 
date 

Length 
in  days 

Type 

Opening 
date 

Closing 
date 

Length 
in  days 

W^estern  yellow  pine 

May  20 

---do 

— do..... 

June  10 
--do 

Oct.    31 
— do...- 
— do 

Oct.    10 
-.do 

164 
164 
164 
122 
122 

Grass 

June  10 
May  20 
June  10 
May  10 

Oct.    20 
Nov.  10 
Oct.    20 
Oct.    31 

132 

174 

Douglas  fir 

Woodland 

132 

Sugar  pine-fir 

Fir 

Brush 

174 

1  Basis:  Occurrence  of  fires  at  rate  exceeding  1  fire  to  100,000  acres  per  10  days,  12  timbered  forests. 

The  same  study  gave  further  information  on  type  differences.  The  mean 
temperature  for  August,  a  peak  month  of  the  fire  season,  ranged  from  58.7°  F. 
in  fir  to  74.4°  in  western  yellow  pine.  The  temperature  differences  between 
types  are  also  expressed  by  the  comparative  number  of  hot  hours  (over  85°) 
during  the  growing  season,  which  range  from  8  in  fir  to  498  in  western  yellow 
pine.  The  direct  effect  of  temperature  on  spread  of  fire  has  not  been  fully 
analyzed,  although  undoubtedly  it  has  some  effect.  In  so  far  as  temperature 
modifies  relative  humidity,  it  has  a  direct  bearing  on  the  spread  of  fire. 

Soil  moisture  is  important  because  of  its  effect  on  moisture  content  of  the 
litter,  and  hence  on  inflammability  and  rate  of  spread.  Experiments  in  Cali- 
fornia ^  and  Idaho*  indicate  that  with  a  litter  moisture  content  of  over  8  per 
cent  (on  an  air-dry  basis)  fires  do  not  start  readily  from  sparks  or  matches, 
and  with  over  25  per  cent  litter  moisture  even  bonfires  do  not  spread.  In  the 
fir  type  the  low  soil-moisture  content  for  the  season  is  reached  in  August  at 
8  per  cent;  whereas  in  the  western  yellow  pine  the  moisture  drops  to  3  per 
cent  during  the  same  month.  Thus  even  at  the  peak  of  the  fire  season  the 
high-elevation  timber  types  do  not  dry  out  to  the  degree  that  the  western 
yellow  pine  type  does.  The  litter  in  the  fir  type  becomes  dry  enough  so  that 
fires  start  readily,  but  do  not  spread  as  rapidly  as  in  the  western  yellow 
pine  and  are  more  readily  controlled.     Direct  measurements  of  litter  moisture 


'  Show,   S.  B.     climate  and  forest  fires  in   northern  California.     Jour.   Forestry 
17  :  965-979,  illus.      1919. 

*  GiSBOURNE.    H.    T.       MEASURING    FOREST-FIRB    DANGER    IN    NORTHERN    IDAHO.       U.    S.    Dept. 

Agr.  Misc.  Pub.  29,  64  pp.,  illus.     1928. 
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are  so  fragmentary  that  the  differences  between  types  are  by  no  means  certain. 
Those  available  indicate  that  for  the  period  from  June  to  October  the  mois- 
ture of  the  litter  in  fir  and  sugar  pine-flr  types  was  higher  than  the  danger 
point  (8  per  cent)  40  per  cent  of  the  time,  as  compared  to  29  per  cent  of  the 
time  in  the  western  yellow  pine  and  mixe<l  conifer  types. 

Table   17. — ScatfOnal   and   annual   rainfall   and   length   of  rainless   season   at 
northern  California  stations  ^ 


Type 


Station 


Period  of 
record 


Annual 
precipi- 
tation 


precipi- 
tation, 
May  to 
October 


Duration 
of  dry 


Grass 

Chaparral 

Woodland 

Western  yellow  pine 

Mixed  conifer 

Fir 


Sacramento  Valley  (2  stations). 

Mokelumne  Hill.. 

Shingle  Springs 

Sonora. 

Placerville 

Georgetown 

Grass  Valley 

Nevada  City... 

Cisco 

Colfax 

Iowa  Hill 

North  Bloomfield 

Emigrant  Gap 

Summit.- 

Bowman's  Dam 


1874-1923 
1882-1922 
1849-1912 
1887-1922 
1874-1922 
1872-1923 
1872-1923 
1863-1923 
1870-1916 
1870-1923 
1879-1910 
1870-1923 
1888-1923 
1870-1923 
1871-1916 


Inches 
29.01 

33.18 

35.02 

61.30 


51.56 


59.93 


Inches 
2.65 

3.68 

4.51 

6.43 


8.26 


Days 


123 
122 
121 

108 


105 


87 


From  summary  of  the  climatological  data  for  the  United  States,  U.  S.  Weather  Bureau  Stations  14  and 


The  long-period  records  of  the  United  States  Weather  Bureau  (Table  17)' 
show  that  total  annual  precipitation  is  least  in  gras.sland  (29.01  inches), 
followed  by  that  in  the  chaparral  and  in  the  woodland,  with  a  substantial 
increase  of  approximately  22.5  inclies  in  the  western  yellow  pine  and  mixed 
conifer,  and  a  further  increase  of  over  8  inches  in  the  fir  type.  Thus  the  total 
precipitation  at  higher  elevations  (59.93  inches)  is  over  twice  as  great  as  in 
the  grasslands  of  the  foothills. 

Of  even  greater  importance  from  the  standpoint  of  fire  control  is  the 
amount  of  precipitation  during  the  fire  season  (May  to  October,  inclusive). 
The  quantities  received  ranged  from  2.65  inches  in  grassland  to  8.26  inches  in 
fir,  an  increase  of  200  per  cent.  Increases  in  precipitation  in  the  interven- 
ing types  were  in  the  same  order  as  those  for  total  precipitation. 

The  length  of  the  fire  season,  as  well  as  the  ease  of  start  and  spread  of  fires 
during  that  time,  are  determined  quite  as  much  by  the  duration  of  the  rainless 
season  as  by  the  total  annual  precipitation.  The  average  length  of  rainless 
season  as  given  in  Table  17,  ranges  from  about  123  days  for  grass,  chaparral, 
and  woodland  to  87  days  for  fir.  This,  when  coupled  with  the  temperature 
differences  and  the  greater  total  and  seasonal  precipitation  already  noted, 
explains  the  shorter  fire  season  at  the  higher  elevations. 

FUELS    AND   BEHAVIOR   OF    FIRE 

The  nine  major  types  in  this  region  are  recognizable  as  well  by  the  char- 
acter of  associated  herbaceous  and  woody  plants  as  by  the  principal  key-tree 
species.  All  of  this  plant  life,  together  with  the  accumulation  of  partially 
decayed  vegetable  matter  In  the  form  of  mulch,  duff,  and  humus,  determines 
the  amount  and  character  of  the  fuel. 

Within  the  commercial  timber  belt  the  densest  stands  are  found  near  the 
upper  edge,  where  precipitation  is  greatest,  in  the  fir  types ;  and  the  most  open 
forest  is  found  at  the  lower  edge,  where  precipitation  Is  least,  in  the  western 
yellow  pine  type.  In  heavy  stands,  the  annual  fall  of  needles  and  twigs  soon 
becomes  compacted  into  a  dense  layer  of  duff,  iK)orly  aerated  and  moisture- 
retaining.  Close  stands  of  timber,  moreover,  prevent  the  growth  of  annual 
plants,  brush,  and  tree  reproduction,  so  that  the  duff  remains  the  principal 
fuel.  In  the  more  open  western  yellow  pine  stands  the  duff  Is  less  compact, 
dries  out  more  rapidly,  and  Is  better  aeratetl.  Because  of  the  general  oi^enness 
of  this  forest,  the  subordinate  vegetation  of  annuals  and  brush  is  relatively 
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abundant  and  in  late  summer,  when  the  plants  dry  out  and  burn  briskly, 
becomes  an  important  element  in  the  spread  of  fire.  Young  tree  growth  also 
may  be  present  to  add  to  the  fuel.  Hence,  whereas  fires  generally  creep 
slowly  in  the  fir  type,  where  duff  is  the  chief  understory  fuel,  in  the  pine  type 
they  spread  rapidly  through  the  considerable  understory  of  vegetation.  The 
form  in  which  the  fuel  occurs  is  often  more  important  than  the  total  quantity 
in  controlling  spread  and  severity  of  fire. 

The  mixed  conifer  type  is  usually  an  all-aged  forest,  with  a  considerably 
heavier  volume  per  acre  than  is  generally  found  in  the  western  yellow  pine 
type.  The  forest  forms  an  irregular  canopy,  pierced  by  innumerable  snags, 
which  are  a  serious  source  of  trouble  in  the  control  of  fires.  This  type  is 
richer  in  secondary  vegetation  than  the  western  yellow  pine  or  fir  types,  and 
openings  are  rapidly  occupied  by  brush  species,  these  forming  the  nuclei  of 
future  brush  fields.  Disintegration  of  fallen  leaves  and  humus  proceeds 
almost  as  rapidly  as  in  the  western  yellow  pine  type,  but  on  the  whole  the 
mixed  conifer  type  has  a  slightly  higher  fuel  content  than  has  the  western 
yellow  pine  type.  Surface  and  ground  fires  are  characteristic  of  this  type,  and 
crown  fires  are  uncommon. 

The  amount  and  kind  of  fuel  present  in  the  woodland  type  vary  greatly. 
In  the  drier  situations  the  oaks,  the  principal  species,  occur  as  isolated  trees, 
with  widespreading  crowns.  This  form  of  woodland  type  merges  with  the 
grassland  type  throughout  its  range;  the  ground  is  carpeted  with  grasses  and 
weeds  in  profusion,  and  these  form  the  principal  fuel.  Fires,  as  in  the  grass- 
land type,  spread  with  great  rapidity  over  the  surface,  though  rarely  running 
up  to  the  tree  crowns.  Where  precipitation  is  heavier,  the  woodland  type 
forms  a  close  canopy  of  many  hardwood  species,  and  the  ground  is  heavily 
covered  with  a  layer  of  dried  and  decayed  leaves,  and  lacks  any  understory 
of  grasses  and  weeds.  Fires  in  the  denser  stands  eat  their  way  slowly  through 
this  semicompacted  mass  of  organic  material,  flaring  up  occasionally  through 
the  trees  under  increased  wind  velocity. 

In  the  brush  fields,  where  fires  have  been  excluded,  new  coniferous  stands 
are  making  a  start,  and  a  heavy  layer  of  humus  and  duff  forms  under  the 
closed  canopy  of  the  brush.  The  brush  fields  have  the  highest  fuel  content  of 
any  type,  and  fires  sweep  through  them  with  great  fury.  Also,  the  progress  of 
any  given  fire  is  far  more  uncertain  and  difficult  to  check  than  in  the  chaparral. 
In  the  brush  fields  the  heavy  layer  of  humus  retains  smouldering  embers  for 
long  periods,  and  these  flare  up  at  the  first  wind  that  may  arise  and  start  a 
new  confiagration. 

In  the  chaparral  the  density  and  height  of  stand  depend  mainly  upon  the 
frequency  with  which  past  fires  have  swept  the  area.  Where  fires  have  been 
absent  for  a  decade  or  more  there  is  an  uninterrupted,  impenetrable  cover  of 
multistemmed  individual  shrubs.  The  principal  species  being  evergreen  and 
small-leaved,  comparatively  small  quantities  of  dead  material  fall  to  the 
ground,  and  the  dense  shade  prevents  the  establishment  of  grasses  and  weeds. 
Fires  race  with  fury  through  this  unbroken  canopy  of  chaparral  when  high 
winds  and  low  humidities  prevail.  On  the  other  hand,  fires  subside  quickly 
during  calm  weather  and  rising  humidities,  and  finding  little  fire-holding  fuels 
on  the  surface,  frequently  burn  themselves  out.  Thus,  a  fire  in  chaparral  may 
at  one  moment  be  a  raging  crown  fire  and  the  next  almost  completely  subdued. 
The  three  major  kinds  of  forest  fires — those  in  the  branches  and  tops  of 
forest  trees,  or  crown  fires ;  those  confined  to  the  subordinate  cover  of  grass, 
weeds,  and  litter,  or  surface  fires;  and  those  that  run  through  the  duff,  or 
ground  fires — occur  at  times  in  all  types.  Nevertheless,  without  overgeneraliz- 
ing,  each  cover  type  may  be  characterized  in  fire  control  by  the  frequent 
occurrence  of  one  kind  of  fire,  in  the  following  manner : 
Crown  fires : 

Chaparral  type. 

Brush  type. 
Surface  fires : 

Grass  type. 

Woodland  type. 

Western  yellow  pine  type. 

Mixed  conifer  type. 

Douglas  fir  type. 
Ground  fires: 

Sugar  pine-fir  type. 

Fir  type. 
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Fires  which  race  through  the  crowns  of  dense  stands  of  brush  or  chapar- 
ral have  very  properly  been  classified  as  crown  fires  in  this  region,  although 
the  term  "crown  fire"  has  been  almost  entirely  restricted  in  other  regions  to 
fires  which  run  through  the  crowns  of  trees.  Crown  fires  develop  where  a 
continuous  closed  canopy  is  found,  and  the  chaparral  and  brush  types  are 
distinctly  of  such  character.  Only  rarely  in  the  daytime,  more  commonly  at 
night,  do  fires  burn  as  surface  fires  in  these  types,  particularly  the  chaparral, 
and  then  only  to  burst  into  crown  fires  with  the  first  considerable  decrease  in 
relative  humidity  or  increase  in  wind  velocity.  Crown  fires  sometimes  occur 
in  the  virgin-forest  types,  but  if  so  they  are  localized,  except  in  the  severest 
fire  years ;  they  are  more  common  in  second-growth  forest.  Crown  fires  gen- 
erally spread  the  most  rapidly,  surface  fires  less  rapidly,  and  ground  fires 
least  rapidly;  and  the  degree  of  damage  is  ordinarily  in  the  same  sequence. 
The  rapidity  with  which  crown  fires  spread  is  indicated  by  the  average  of  55 
acres  per  hour  in  the  chaparral  type,  and  by  13.79  acres  in  the  brush-field 
type,  in  both  of  which  most  fires  are  crown  fires. 

Surface  fires  generally  develop  where  an  irregular  low  canopy  of  flash  fuels 
exists,  such  as  characterizes  the  grass,  woodland,  western  yellow  pine,  mixed 
conifer,  and  Douglas  fir  types.  In  the  first  two  of  these,  grasses  and  weeds 
are  the  most  important  fuels,  and  the  average  rate  of  spread  is  greater  than 
in  the  commercial  timber  types,  where  needles  and  twigs  are  the  important 
fuels.  This  difference  in  fuels  is  refiected  in  the  average  rates  of  spread  of 
17  and  5.3  acres  per  hour,  respectively,  for  the  grass-woodland  and  timber 
groups. 

Ground  fires  occur  where  a  compact  and  poorly  aerated  layer  of  humus  and 
duff  permits  only  a  small  supply  of  oxygen  to  reach  the  fire  and  where  there 
is  a  scarcity  of  flash  fuels.  Under  normal  conditions  ground  flres  eat  their 
way  slowly.  The  observed  rate  of  spread  for  the  sugar  pine-flr  type  is  4.33 
acres  per  hour,  and  for  the  fir,  the  lowest  in  the  entire  scale,  1.07  acres  per 
hour. 
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ADVANTAGES  AND  LIMITATIONS  OF  THE  GRAPHIC  METHOD 

Problems  in  forest  research  almost  inevitably  involve  a  considera- 
tion of  .the  relations  between  two  or  more  variable  factors.  Results 
depend,  for  example,  on  the  increase  of  tree  diameter  or  volume  with 
age,  on  the  influence  of  site,  on  the  vitality  of  seed,  or  on  other  similar 
relations.     Although  the  relation  is  sometimes  one  involving  cause 
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and  effect,  this  is  by  no  means  essential.  The  interrelation  between 
height  and  diameter  may  be  of  importance  although  neither  is  the 
cause  of  the  other,  the  two  being  more  or  less  closely  interrelated 
because  they  result  from  causes  which  are  in  part  common  to  both. 
Often,  moreover,  the  investigation  is  not  restricted  to  a  pair  of  vari- 
ables but  concerns  the  association  of  one  with  two  or  more  others, 
as  in  preparing  yield  tables  where  the  relation  is  sought  between  both 
age  and  site  and  such  factors  as  volume  per  acre.  In  some  cases 
there  is  no  certain  advance  knowledge  as  to  what  variables  are  in- 
volved, and  the  first  step  in  the  study  must  be  to  ascertain  what 
factors  are  related  and  what  are  not. 

The  graphic  method  has  conventionally  been  used  in  solving  such 
problems.  It  has  many  advantages,  chief  among  which  are  its  celer- 
ity and  flexibiHty.  Unfortunately,  it  lends  itself  to  careless  technic 
and  so  has  led  to  many  false  conclusions.  This  has  been  caused  in 
part  by  inherent  weaknesses  in  the  method  and  in  part  by  an  inade- 
quate analysis  of  potential  sources  of  error,  together  with  a  poorly 
developed  technic  for  checking  the  results  obtained.  There  is  need 
for  further  development  along  quantitative  fines. 

The  modem  statistical  method  suppfies  a  powerful  and  deficate 
machinery  to  replace  or  supplement  the  simple  graphs  which  foresters 
have  ordinarily  used.  Its  drawbacks  are  greater  intricacy  and 
apparently  greater  laboriousness.  However,  its  apparent  intricacy 
disappears  with  use,  and  the  labor  involved  is  more  formidable  in 
appearance  than  in  reality.  The  greater  deficacy  of  the  method 
usually  permits  a  given  degree  of  accuracy  to  be  obtained  with  a  much 
smaller  number  of  data,  providing  they  are  accurate;  and  in  many 
cases  the  saving  of  time  in  collecting  data  will  more  than  offset  any 
increased  labor  in  analyzing  them.  Until  recently  a  third  drawback 
was  the  rigidity  of  the  method.  Its  usefulness  was  restricted  to  those 
cases  where,  graphically,  a  straight  line  might  be  used  without  serious 
error  or  (with  a  large  increase  in  the  labor  involved)  to  those  where 
the  underlying  curve  was  of  a  type  for  which  the  form  of  equation 
was  known.  Recently,  however,  a  new  statistical  method  (9),^  ^  par- 
tially graphic  in  its  technic,  has  been  devised  which  is  free  from  this 
disadvantage  and  which  appears  particularly  suited  to  forestry 
problems.  It  is  this  methoa  which  will  be  described  in  the  follow- 
mg  pages.^  Before  discussing  it,  it  will  be  necessary  to  explain  the 
criteria  by  means  of  which  the  adequacy  of  any  method  may  be 
judged,  for  only  in  this  way  can  the  advantages  of  the  new  technic 
be  fully  appreciated.  By  means  of  this  discussion,  moreover,  it  will 
be  possible  to  define  and  explain  the  statistical  conceptions  used  in 
terms  of  the  graphs  with  which  foresters  are  famifiar,  instead  of  on  a 
purely  mathematical  basis. 

1  Italic  numbers  in  parentheses  refer  to  the  Partial  List  of  Statistical  Literature,  p.  85. 

»  This  new  method  was  originated  by  Mordecai  Ezekiel,  Bureau  of  Agricultural  Economics.    As  herein 

f)resented  it  has  been  materially  modified.  These  modifications  include  the  use  of  alinement  charts,  the 
nvestigation  of  a  possible  functional  form  of  the  dependent  variable,  and  a  new  type  of  final  correction. 
These  changes  considerably  reduce  the  labor  involved  and  increase  flexibility. 

»  The  authors  acknowledge  the  very  valuable  assistance  in  the  preparation  of  the  material  here  pre- 
sented, rendered  by  Misses  Mary  L.  Denoyer,  Lucile  L.  Gumaer,  and  Theresa  Uoerner,  statistical  clerks 
in  the  Office  of  Forest  Measurements. 
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STATISTICAL  MEASURES 

THE  STANDARD  ERROR  AS  A  MEASURE  OF  CURVE  ACCURACY 

One  of  the  primary  purposes  of  any  curve  is  to  permit  estimation 
of  values  of  one  factor  from  given  values  of  another.  It  is  useful 
perhaps  to  be  able  to  estimate  the  height  of  a  tree  if  its  age  is  known, 
or  the  number  of  trees  per  acre  in  a  stand  if  the  ages  and  site  qualities 
of  the  stand  are  given.  Judged  from  this  point  of  view  the  success 
of  any  curve  may  be  measured  in  terms  of  the  accuracy  which  results 
from  such  a  use.  If  the  curve  is  based  on  an  adequate  sample  of  the 
material  to  which  it  is  to  be  applied,  the  accuracy  of  such  appHcation 
is  essentially  the  same  as  that  which  will  result  from  applying  the 
curve  to  the  basic  data.  The  latter  may  be  readily  determined  by 
estimating  values  for  each  datum  and  then  comparing  these  estimates 
with  the  values  actually  measured.  Only  exceptionally  in  forestry 
has  accuracy  been  thus  determined.  In  most  cases  indeed  the  curve 
drawing  has  been  so  carried  out  as  to  obscure  it  completely. 

To  illustrate  this  statement,  Figure  1,  based  on  hypothetical  meas- 
urements of  age  and  diameter,  has  been  prepared.  The  lower  por- 
tion, C,  represents  the  usual  manner  in  which  curves  are  drawn  and 
presented.  The  individual  measurements  have  been  sorted  into  10- 
year  age  classes  and  average  diameters  for  these  age  classes  have  been 
plotted  and  assigned  weights  equal  to  the  number  of  data  in  each. 
The  advantage  in  this  procedure  is  that  the  drawing  of  the  curve  is 
easier,  particularly  if  the  individual  values  are  widely  scattered.  In 
Figure  1,  B,  the  individual  values  have  been  plotted.  A  zone  of 
points  results  which,  in  this  instance,  has  such  narrow  limits  that  the 
curve  could  have  been  drawn  readily  without  computing  and  plotting 
averages.  Figure  1,  A,  shows  a  case  of  wider  dispersion  where  the 
curve  location  would  have  been  somewhat  less  certain,  and  where 
averaging  is  clearly  advisable.  The  point  of  interest,  however,  is 
that  the  values  used  in  A  and  Bhave  been  so  chosen  that  C  may  be 
derived  from  either.  If  average  points  are  plotted,  the  two  cases  will 
appear  identical,  yet  obviously  they  are  not.  It  is  clear  that  in  case  B 
the  diameter  of  any  individual  tree  may  be  estimated  by  means  of  the 
curve  with  far  less  average  error  than  in  case  A.  Curve  B  must  then 
be  considered  the  more  effective  of  the  two.  Its  greater  reliability  is 
completely  concealed  when  form  C  is  used. 

A  measure  of  the  accuracy  of  estimate,  the  average  error,  can  readily 
be  obtained  for  either  A  or  B.  Its  computation  is  illustrated  by  Table 
1.  Columns  1,  2,  and  6  show  the  age  and  diameter  as  actually  meas- 
ured. Columns  3  and  7  show  the  diameter  as  estimated  from  the 
age  by  means  of  the  curve  of  Figure  1,  A.  In  columns  4  and  8  are 
entered  the  residuals,  a  term  which  is  used  for  the  differences  between 
the  measured  and  estimated  values.  Where  the  measured  exceeds 
the  estimated  value  the  residual  is  considered  positive,  and  otherwise 
negative.  The  sum  of  columns  4  or  8  (disregarding  signs)  divided  by 
the  number  of  observations  is  the  average  error.  Column  5  (and  9) 
should  be  disregarded  for  the  time  being. 
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FiQUBE  1.— The  closeness  with  which  a  curve  fits  all  its  data  may  be  concealed  by  the  use  of 
averages.    Curve  O  may  be  derived  from  either  A  or  B,  yet  B  is  obviously  superior  to  A 
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Table  1. — Computation  of  average  error  and  standard  error  for  Figure  1,  A  and  B 


Curve  A 

Curve  B 

Age 

(1) 

Measured 
diameter 

(2) 

Diameter 

estimated 

from 

curve 

(3) 

Residual 
(4) 

Residual 
squared 

(5) 

Measured 
diameter 

(6) 

Diameter 

estimated 

from 

curve 

(7) 

Residual 
(8) 

Residual 
squared 

(9) 

15 

5.0 
10.7 

9.5 
17.0 

9.7 
17.5 
17.0 
20.5 
22.0 
15.0 
24.5 
27.0 
21.1 
19.0 
25.0 
27.0 
26.0 
21.6 
26.1 
23.5 

6.5 
9.2 
11.0 
12.5 
14,2 
16.0 
18.5 
19.0 
20.5 
21.0 
21.5 
22.5 
22.6 
23.5 
23.5 
24.0 
24.5 
24.5 
24.6 
25.0 

-1.5 
+1.5 
-1.5 
+4.5 
-4.5 
+1.5 
-1,5 
+1.5 
+1.5 
-6.0 
+3,0 
+4.5 
-1.5 
-4.5 
+1.5 
+3.0 
+1.5 
-3.0 
+1.5 
-1.5 

2.25 
2.25 
2.25 

20.25 

20.25 
2.25 
2.25 
2.25 
2.25 

36.00 
9.00 

20.25 
2.25 

20.25 
2.25 
9.00 
2,25 
9.00 
2.25 
2,25 

6.0 
9.7 
10.5 
14.0 
12.7 
16.5 
18.0 
19.5 
21.0 
19.0 
22.5 
24.0 
22.1 
22.0 
24.0 
25.0 
25.0 
23.5 
25.1 
24.5 

6.5 
9.2 
11.0 
12.5 
14.2 
16.0 
18.5 
19.0 
20.5 
21.0 
21.5 
22.5 
22.6 
23.5 
23.5 
24,0 
24.5 
24,5 
24.6 
25.0 

-0.5 

+.5 

-.5 

+1.6 

-1.5 

+.6 

-.5 

+.5 

+.5 

-2.0 

+1.0 

+1.5 

-.5 

-1.5 

+.5 

+1.0 

+.5 

-1.0 

+.5 

-,5 

0  25 

19 

.25 

22                            

.26 

25 

2  25 

29 

2.25 

34 

25 

43 - 

.25 

45 

,25 

52 

25 

55. 

4.00 

58 

1.00 

65 

2,25 

66 

,25 

75 

2  25 

75 

,25 

81 

1,00 

88 

25 

89 

1,00 

91 

25 

100 

,25 

Total 

384.6 
19.2 

us 

384.6 
19.2 

.0 
,0 

171.00 

8,55 

384.6 
19.2 

384.6 
19,2 

.0 
.0 

19,00 

Average 

,95 

Total,  disregarding  sig 

51.0 
2.55 

17.0 

.85 

Average,  disregarding 

signs 

Standard  error 

VsTss 

2,924 

•vC95 

Or 

,975 



It  should  be  noted  first  that  in  both  cases  the  total  of  the  estimated 
diameters  (columns  3  and  7,  which  are  of  course  identical,  since  the 
curves  are  the  same)  equals  the  total  of  the  measured  diameters  (col- 
umns 2  and  6).  This  is  a  fundamental  criterion  '*  of  a  correctly  fitted 
curve.  An  inevitable  corollary  to  this  fact  is  that  the  sums  of  the 
positive  and  negative  residuals  are  equal.  Hence,  the  algebraic  sums 
of  columns  4  and  8  are  zero.  In  actual  practice  this  last  fact  is  the 
more  usable,  and  in  curve  fitting  the  differences  between  the  curve 
and  all  points  above  it  may  be  quickly  summed  and  compared  with  a 
similar  value  for  all  points  below  the  curve.  If  they  are  not  approxi- 
mately equal,  the  curve  should  be  so  shifted  as  to  eliminate  any  ma- 
terial difference.  This  test  can  be  applied  equally  well  to  a  graph  of 
form  1,  C,  by  weighting  (multiplying)  each  difference  by  the  number 
of  observations  involved  therein. 

The  dissimilarity  between  the  data  for  A  and  B  is  brought  out  by 
the  average  residuals  (last  values  in  columns  4  and  8),  disregarding 
signs  in  the  computation.  It  is  apparent  that  the  average  error  of 
estimate  is  nearly  three  times  as  great  in  case  A  as  in  case  B,  for  if 
curve  A  is  used  the  diameters  estimated  will  be  in  error  by  an  average 
of  2.55  inches,  while  if  B  is  used  this  average  error  will  be  reduced  to 
0.85  inch. 

A  somewhat  better  measure  of  accuracy  than  this  has  been  devised. 
It  is  called  the  ''standard  error"  ^  and  its  calculation  is  illustrated  by 

*  Although  a  curve  is  thus  accurately  balanced  it  may  still  be  so  tilted  or  poorly  shaped  that  it  fails  to 
fit  the  data. 

6  There  is  some  difference  in  the  usage  of  statistical  terms.  Standard  error  is  sometimes  used  as  synon- 
yomous  with  standard  deviation  of  a  mean. 
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columns  5  and  9.  In  computing  this  each  residual  is  squared,  and 
these  squares  are  totaled.  Their  sum  is  then  divided  by  the  number 
of  values  involved  and  the  square  root  extracted.  A  formula  which 
expresses  this  is — 

where  SE  is  the  symbol  for  standard  error,  Sum  signifies  the  sum  of 
all  the  values  for  the  expression  immediately  following,  e  is  the  residual 
and  N  is  the  number  of  observations  used.  The  standard  error  is 
superior  to  the  average  error  because  it  involves  the  generally  accepted 
theory  of  least  squares.  On  this  theory  a  properly  fitted  curve  of 
given  form  has  a  minimum  standard  error  rather  than  a  minimum 
average  error.  In  most  cases  where  the  dispersion  of  points  above 
the  curve  is  similar  to  that  below  the  curve,  the  standard  error  is 
approximately  one  and  one-fourth  times  the  average  error,  but  it  is 
often  unsafe  to  calculate  it  in  this  way.  In  the  present  instance  the 
standard  errors  thus  calculated  would  be  3.19  for  A,  and  1.06  for  B. 
These  values  differ  appreciably  from  the  more  accurately  determined 
standard  errors  for  A  and  B,  which  are  calculated  by  means  of 
columns  5  and  9,  Table  1,  and  Formula  I — 


(A)  ^^=^1^^  =  2.924 


(B)  SE^^'^^^   =0.975 


19m 

20 


Like  the  average  error,  the  standard  error  of  A  is  approximately 
three  times  that  of  B,  so  that  in  the  present  case  the  same  relative 
result  is  obtained  by  either  method  of  computation. 

Either  the  standard  error  or  the  average  error,  then,  measures  the 
accuracy  of  a  curve  as  a  means  of  predicting  values  of  one  variable 
from  values  of  another.  It  must  not  be  assumed,  however,  that 
small  standard  errors  necessarily  mean  that  the  curve  which  has 
been  drawn  is  useful  or  that  large  standard  errors  imply  that  it  is 
futile.  Its  effectiveness  depends  not  only  on  the  standard  error  but 
also  on  how  much  variation  was  originally  present.  If  the  variable 
investigated  was  relatively  stable  in  its  values,  a  small  standard 
error  might  be  obtained  even  with  very  bad  curve  fitting,  or  even 
by  estimating  without  any  curve  at  all  by  using  the  arithmetic 
average.  The  graphic  equivalent  of  this  average  is  a  horizontal 
straight  line  through  its  value.  To  use  this  obviously  disregards 
any  possible  variation  associated  with  the  independent  variable. 

What  has  been  accomplished  by  a  curve  is,  therefore,  better  judged 
by  the  relation  between  the  scatter  about  the  curve  and  the  scatter 
of  the  data  as  a  whole  about  its  arithmetic  mean.  The  measure  of 
the  scatter  about  the  arithmetic  mean  is  the  standard  error  of  the 
points  about  the  horizontal  straight  line  through  the  average.  This 
special  case  of  standard  error  is  called  the  standard  deviation. 

STANDARD  DEVIATION 

For  the  example  already  cited,  the  calculation  of  the  standard 
deviation  is  shown  in  Table  2.  In  the  first  and  fourth  columns  the 
measured  diameters  are  entered.     These  columns  are  summed  and 
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the  averages  obtained.  The  residuals  (the  differences  between  the 
individual  values  and  the  average),  which  are  in  this  case  called 
* 'deviations,"  are  next  computed.  The  calculation  of  the  standard 
deviation  then  is  exactly  similar  to  that  of  the  standard  error,  the 
formula  being — 


SD  = 


-4 


Sum^2 

N 


(11) 


where  SD  is  the  symbol  for  standard  deviation,  d  signifies  deviation 
and  A^,  number  of  observations.  The  resemblance  to  Formula  I  is 
obvious.  The  computations  in  the  present  case  are  in  columns  2,  3, 
5,  and  6. 

Table  2. — Computation  of  standard  deviations  for  data  used  in  Figure 

1,  A  and  B 


Curve  A 

Curve  B 

Measured 

Deviation 

from 

average 

Deviation 

Measured 

Deviation 

from 

average 

Deviation 

diameter 

squared 

diameter 

squared 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

5.0 

-14.2 

201.64 

6.0 

-13.2 

174.24 

10.7 

-8.5 

72.25 

9.7 

-9.5 

90.25 

9.5 

-9.7 

94.09 

10.5 

-8.7 

75.69 

17.0 

-2.2 

4.84 

14.0 

-5.2 

27.04 

9.7 

-9.5 

90.25 

12.7 

-6.5 

42.25 

17.5 

-1.7 

2.89 

16.5 

-2.7 

7.29 

17.0 

-2.2 

4.84 

18.0 

-1.2 

1.44 

20.5 

+1.3 

1.69 

19.5 

+.3 

.09 

22.0 

+2.8 

7.84 

21.0 

+1.8 

3.24 

15.0 

-4.2 

17.64 

19.0 

-.2 

.04 

24.5 

+5.3 

28.09 

22.5 

+3.3 

10.89 

27.0 

+7.8 

60.84 

24.0 

+4.8 

23.04 

21.1 

+1.9 

3.61 

22.1 

+2.9 

8.41 

19.0 

-  .2 

.04 

22.0 

+2.8 

7.84 

25.0 

+5.8 

33.64 

24.0 

+4.8 

23.04 

27.0 

--7.8 

60.84 

25.0 

+5.8 

33.64 

26.0 

--6.8 

46.24 

25.0 

+5.8 

33.64 

21.5 

+2.3 

5.29 

23.5 

+4.3 

18.49 

26.1 

+6.9 

47.61 

25.1 

+5.9 

34.81 

Total 

23.5 

+4.3 

18.49 

24.5 

+5.3 

28.09 

384.6 

802.66 

40.13 

V40  13 

384.6 
19.2 

643.46 

32.17 

V32.17 

5.67 

Average 19. 2 

Standard  deviation 

Or 1 

6.33 

1 

Were  nothing  known  about  age,  the  only  possible  method  of  esti- 
mating the  diameter  of  trees  from  the  material  at  hand  would  be  to 
guess  that  each  one  was  of  average  diameter;  in  other  words  to 
estimate  by  means  of  a  horizontal  line  such  as  has  been  mentioned. 
Individual  errors  would  be  large,  although  in  the  long  run  compensat- 
ing, if  the  material  is  an  adequate  sample  of  the  diameters.  The  use 
of  the  diameter-age  curve  permits  a  decided  improvement  ^  in 
estimating  as  is  shown  by  the  fact  that  the  standard  error  is  only 
2.924  in  case  A,  while  the  corresponding  standard  deviation  is  6.33. 
Similar  values  in  case  B  are  0.975  and  5.67. 


8  This  estimate  of  improvement  is  conservative.  It  is  relatively  easy  to  secure  sample  measurements 
of  diameter  and  age,  which  adequately  represent  their  relation  in  the  stand  in  which  they  are  taken.  Such 
measurements,  however,  may  be  entirely  inadequate  for  determining  either  the  average  diameter  or 
e.    A  sample  suitable  for  determining  such  averages  can  best  be  obtained  by  a  strip  survey. 
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AUENATION  INDEX 

The  estimating  is  not  perfect,  of  course,  even  where  the  curve  is 
used,  as  is  shown  by  the  existence  of  these  residual  standard  errors  of 
2.924  and  0.975.  Estimates  are,  however,  materially  improved  by 
using  the  curve,  and  it  is  helpful  to  measure  this  improvement. 
The  ratio  between  the  residual  variation  and  the  original  variation  is 
known  as  the  '*  alienation  index.''     Expressed  as  a  formula — 

^/=g  (III) 

where  AI  is  the  symbol  for  alienation  index,  SE  signifies  standard 

error,  and  SD  signifies  standard  deviation.     It  is  obvious  that  the 

values  of  this  index  may  range  from  0  to  1.00.^     In  the  present  in- 

2  924  0  975 

stances  these  alienation  indices  are  (A)  7r^^^  =  0.462,  and  (B)  ,  ^^  = 

0.172.  This  means  that  46.2  and  17.2  per  cent  of  the  variability  in 
diameter  is  associated  with  factors  other  than  age.  Among  these 
factors,  however,  errors  in  fitting  the  curve  may  be  included. 

CORRELATION  INDEX 

The  "correlation  index"  is  another  and  more  commonly  used  meas- 
ure of  this  improvement.  It  may  be  derived  from  the  alienation 
index  by  means  of  the  formula: 

CI=^/l-{AD'  (IV)' 

where  CI  signifies  correlation  index,  and  AI  alienation  index.  If 
the  alienation  index  is  1  (the  maximum  possible  value)  the  correlation 
index  is  evidently  0,  while  if  the  alienation  index  is  0  (only  possible 
where  the  standard  error  is  0),  then  the  correlation  index  is  1.  This 
fixes  the  limits  of  possible  values  for  the  correlation  index.  The 
alienation  index  measures  the  association  between  the  dependent 
variable  and  other  unconsidered  factors;  the  correlation  index  only 
indicates  the  association  between  the  dependent  variable  and  that 
independent  variable  which  was  considered.  Complete  association  is 
shown  by  a  correlation  index  of  1,  while  entire  absence  of  association 
is  shown  by  a  correlation  index  of  0.  Intermediate  values  show  par- 
tial association.  Unfortunately,  a  correlation  index  of  0.50  does  not 
mean  that  half  of  the  variation  present  in  one  variable  is  associated 
with  the  other  variable  used.  The  best  way  to  interpret  a  correlation 
index  is  to  compute  the  corresponding  alienation  index.  By  substi- 
tuting in  the  foregoing  formula  the  values  of  the  alienation  indices, 
which  are  0.462  and  0.172,  in  the  present  case,  the  correlation  indices 
are  found  to  be  0.887  and  0.985,  respectively.  To  avoid  computation, 
approximate  values  ®  may  be  read  from  Figure  2. 

It  will  be  seen  that  both  the  standard  error  and  the  alienation  or 
correlation  index  are  useful  as  measures  of  accomplishment  and  that 
neither  gives  complete  information  without  the  other.     The  standard 

^  A  value  greater  than  1 .00  can  conceivably  be  obtained,  but  only  through  grotesque  misfitting  of  a  curve. 
Such  a  value  indicates  that  the  curve  not  only  has  no  utility  but  is  completely  misleading  and  should  be 
discarded. 

I  See  also  Miner  (50). 
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error  shows  in  absolute  units  how  accurately  the  value  of  a  variable 
may  be  estimated  from  values  of  another;  it  does  not  show  whether 
an  estimate  might  have  been  made  as  accurately  or  nearly  as  accurately 
without  it.  The  alienation  index  is  a  more  abstract  value  measuring 
the  relative  improvement  of  estimate  consequent  on  the  use  of  a 
certain  independent  variable,  but  it  does  not  show  the  amount  of 
error  remaining.     Both  measures  should  ordinarily  be  calculated. 
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Figure  2.— The  relation  between  alienation  and  correlation  indices  is  shown  by  this  curve.  It 
may  be  used  to  obtain,  without  computation,  approximate  values  of  either  when  the  other  is 
known 


MULTIPLE  CORRELATION;  IMPROVING  THE  ESTIMATE  BY  THE  USE  OF  ADDITIONAL 

VARIABLES 

Where  the  coefficient  of  alienation  is  high,  the  possibility  of  further 
improving  the  estimate  by  the  use  of  one  or  more  additional  variables 
suggests  itself.  Volume  tables  afford  a  common  example.  These  may 
be  prepared  on  the  basis  of  diameter  alone,  but  the  resulting  standard 
error  and  alienation  index  will  prove  to  be  large.  It  is  customary  to 
include  height  as  an  additional  independent  variable.  The  graphic 
result  of  this  is  the  familiar  set  of  harmonized  curves.  The  accuracy 
of  estimate  should  be,  and  is,  improved  by  this  treatment.  The 
calculation  of  the  standard  error,  alienation  index,  and  correlation 
index  is  entirely  analogous  to  that  of  the  2-variable  case  just  discussed. 
In  reading  the  ''estimated  volumes  from  curve"  in  this  case,  it  will 

8553—31 2 
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be  necessary  to  interpolate  between  the  curves.  This  adds  con- 
siderably to  the  labor  involved. 

For  this  and  other  reasons  the  graphic  method  is  difficult  where 
there  are  three  variables  and  hardly  suitable  to  problems  involving 
more  than  three,  although  some  effort  has  been  made  to  adapt  it  to 
four,  as  for  taper  curves. 

The  terms  ''multiple  aHenation  index"  and  "multiple  correlation 
index"  are  used  to  distinguish  such  three  or  more  variable  cases 
from  those  where  but  two  variables  are  involved. 

It  has  now  been  shown  that  such  statistical  conceptions  as  the 
standard  error  and  the  aUenation  index  may  be  appUed  to  the  curves 
or  systems  of  harmonized  curves  with  which  foresters  are  famiUar. 
It  has  also  been  shown  that  they  give  us  a  quantitative  measure  of 
the  utility  of  these  curves.  Certain  substitutes  for  free-hand  curve 
drawing  will  next  be  described  and  the  relative  adequacy  of  the  results 
discussed. 

REGRESSION  EQUATION 

When  data  are  plotted  as  in  Figure  1,  it  may  be  that  a  straight  line 
is  defined  instead  of  a  curve.  When  this  is  so,  statistical  methods 
offer  a  purely  mathematical  means  of  locating,  with  rigorous  accuracy, 
the  best  position  of  this  straight  line  by  calculating  its  equation 
known  as  the  regression  equation.  Being  the  equation  of  a  straight 
line  it  must  be  of  the  type — 

Y=AX+B 

where  Y  is  the  dependent  variable,  X  the  independent  variable,  and 
A  and  B  are  constants  which  must  be  determined  from  the  data  at 
hand. 

These  constants  may  be  computed  by  the  standard  method  of  least 
squares,  but  the  same  results  may  be  obtained  by  the  application  of 
the  relatively  simple  product  moments  formula — 

7=Mr  +  ^^^{X-M^)  (V) 

where  X  is  the  independent  variable,  Y  the  dependent  variable.  My 
the  arithmetic  mean  of  X,  My  the  arithmetic  mean  of  Y,  and  dx  and 
dy  the  deviations  of  X  and  Y  from  their  means. 

In  statistical  work  it  is  not  uncommon  to  calculate  this  equation 
even  where  it  is  not  definitely  known  that  the  relation  is  strictly 
rectilinear.  This  may  be  because  any  curvilinear  trend  present  is 
poorly  defined,  or  because  the  straight-line  value  is  useful  as  a  first 
approximation,  as  will  later  be  explained.  It  is,  therefore,  not  un- 
reasonable to  use  the  material  already  presented  in  Table  1  as  an 
example  of  this  process.     The  data  for  curve  B  only  will  be  used. 

The  form  of  computation  is  shown  in  Table  3.  Columns  1  and  4 
list  the  measurements.  Column  2  contains  the  deviations  of  the 
individual  ages  from  their  mean,  with  the  signs  noted.  Column  3 
contains  these  values  squared.  These  two  columns  are  similar  to 
columns  5  and  6  in  Table  2.  In  column  5  are  Usted  similar  deviations 
for  diameter.  Column  6  is  not  used  in  the  present  computation.  In 
column  7  are  the  products,  for  each  item,  of  its  deviation  in  age  and 
in  diameter.  As  indicated  at  the  bottom  of  the  table,  the  equation 
becomes : 
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Figure  3  shows  the  Hne  representing  this  equation  plotted  through 
the  zone  of  points  upon  which  it  is  based. 
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Figure  3.— The  regression  line  for  the  data  used  in  Figure  1,  B.    This  is  the  straight  line  which 
best  fits  the  plotted  points,  but  it  is  obviously  less  satisfactory  than  the  curve  of  Figure  1,  B 

Table  3. — Calculation  of  regression  equation  from  data  of  Figure  1,  B 


Product 

Deviation 

Age 

Deviation 

Diameter 

of  diameter 

Age 

of  age  from 

deviation 

Diameter 

of  diameter 

deviation 

deviation 

mean 

squared 

from  mean 

squared 

and  age 
deviation 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

15 

-41.35 

1,709.8 

6.0 

-13.2 

174.24 

+645.82 

19 

-37. 35 

1,395.0 

9.7 

-9.5 

90.25 

+354.82 

22 

-34.35 

1,179.9 

10.5 

-8.7 

75.69 

+298.84 

25 

-31.35 

982.8 

14.0 

-5.2 

27,04 

+163.02 

29 

-27. 35 

748.0 

12.7 

-6.5 

42.25 

+177. 78 

34 

-22.35 

499.5 

16.5 

-2.7 

7.29 

+60. 34 

43 

-13.35 

178.2 

18.0 

-1.2 

1.44 

+16.02 

45 

-11.35 

128.8 

19.5 

+.3 

.09 

-3.40 

52 

-4.35 

18.9 

21.0 

+1.8 

3.24 

-7.83 

65 

-1.35 

1.8 

19.0 

-.2 

.04 

+.27 

68 

+1.65 

2.7 

22.5 

+3.3 

10.89 

+5.44 

65 

+8.65 

74.8 

24.0 

+4.8 

23.04 

+41. 62 

66 

+9.65 

93.1 

22.1 

+2.9 

8.41 

+27.98 

75 

+18.65 

347.8 

22.0 

+2.8 

7.84 

+52.22 

75 

+18. 65 

347.8 

24.0 

+4.8 

23.04 

+89.  62 

81 

+24. 65 

607.6 

25.0 

+5.8 

33.64 

+142.97 

88 

+31.65 

1,001.7 

25.0 

+5.8 

33.64 

+183. 57 

89 

+32. 65 

1,066.0 

.23.5 

+4.3 

18.49 

+140.40 

91 

+34.65 

1,200.6 

25.1 

+5.9 

34.81 

+204.44 

100 

+43.65 

1,905.3 

24.5 

+5.3 

28.09 

+231.34 

Total 

1.127 

13,490.1 

384.6 

643  46 

2,725.08 

Mean 56.35 

19.23 

Standard  deviatioi 

1 

26.0 

5.67 

(V)  Diameter-MDia.+^^^^^^-(Age-MA..) 

=  19.23+f^|^(Age-56.35) 
=0.202  Age+7.'85 
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AUENATION  AND  CORRELATION  COEFFICIENTS 

It  is  obvious  that  the  curve  in  Figure  3  fits  the  points  less  well  than 
did  the  curve  of  Figure  1 .  How  much  less  can  be  determined  quanti- 
tatively by  comparing  its  standard  error  with  that  of  the  curve.  This 
standard  error  is  computed  from  estimated  values  read  from  the 
straight  line  or  calculated  directly  from  the  equation.  The  result, 
shown  in  Table  4,  is  2.15.     By  equation  III,  then,  the  aUenation 

2  15 

index  is  ^^  =  0.379. 

o.d7 

index  is — 


By  equation  IV  the  corresponding  correlation 
Vl- (0.379)2  =  0.925 


In  such  a  case  as  this,  however,  the  alienation  index  and  the  correla- 
tion index  are  called  the  alienation  coefficient  and  correlation  coeffi- 
cient. The  only  difference  between  the  index  and  the  coefficient  is 
that  the  coefficient  is  based  on  a  straight  line  instead  of  a  curve.  The 
coefficients  may,  therefore,  be  considered  merely  as  special  cases  of 
the  more  general  indices.  They  are,  however,  more  widely  used, 
largely  because  they  can  be  computed  directly  by  a  shorter  method 
which  does  not  involve  the  use  of  estimated  values  of  the  independent 
variables.  This  method  does  not  apply  except  where  straight  lines 
are  used. 

Table  4. — Calculation  of  standard  error  from  the  regression  equation,  Diameter = 

0.202  Age+7.85 


Diameter 

Age 

Measured 
diameter 

estimated 

from 
regression 
equation 

Residual 

Residual 
squared 

(1) 

(2) 

(3) 

(4) 

(5) 

15 

6.0 

10.9 

-4.9 

24.01 

19 

9.7 

11.7 

-2.0 

4.00 

22 

10.5 

12.3 

-1.8 

3.24 

25 

14.0 

12.9 

+1.1 

1.21 

29 

12.7 

13.7 

-1.0 

1.00 

34 

16.5 

14.7 

+1.8 

3.24 

43 

18.0 

16.5 

+1.5 

2.26 

45 

19.5 

16.9 

+2.6 

6.76 

52 

21.0 

18.4 

+2.6 

6.76 

55 

19.0 

19.0 

.0 

.00 

58 

22.5 

19.6 

+2.9 

8.41 

65 

24.0 

21.0 

+3.0 

9.00 

66 

22.1 

21.2 

+.9 

.81 

75 

22.0 

23.0 

-1.0 

1.00 

75 

24.0 

23.0 

+1.0 

1.00 

81 

25.0 

24.2 

+.8 

.66 

88 

26.0 

25.6 

-.6 

.34 

89 

23.5 

25.8 

-2.3 

6.29 

91 

25.1 

26.2 

-1.1 

1.21 

Total 

100 

24.5 

28.0 

-3.5 

12.26 

384.6 

384.6 

.0 

92.44 

Average 

19.23 

19.23 

4.62 

Standard  error- V4.62-2.16 

The  formula  involved  is- 


.ri     _    /i         Sum^  dxdr 

ALxY  -  yl  1     (g^j^  ^^)  (Sun,  (Py) 


(VI) 


where  ACxy  is  the  alienation  coefficient  between  X  and  Y  and  the 
other  symbols  are  as  before.     The  values  to  be  entered  in  this  formual 
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have  already  been  computed  in  Table  3,  to  which  column  6  has  been 
added  for  this  purpose.     Using  these  values  we  have: 


^C'Dia..  Age  =  J  1  -  .o.r;:T.T;o-7^  =  0.380 


(2725.08)^ 
13490.1  X  643.46 


This  is  approximately  the  same  as  the  value  found  in  the  preceding 
paragraph  (0.379).  The  small  difference  is  due  merely  to  failure  to 
carry  out  the  computations  to  enough  significant  figures. 

It  is  interesting  to  compare  the  alienation  coefficient  based  on  the 
regression  straight  line  with  the  alienation  index  based  on  the  curve 
of  Figure  1,  B.  On  theoretical  grounds  it  is  obvious  that  since  the 
curve  is  the  better  estimating  mechanism  its  alienation  index  should 
be  the  lower.  This  is  found  to  be  true,  its  value  being  0.172  as  com- 
pared with  that  of  0.379  for  the  alienation  coefficient.  It  may  then 
be  said  that  the  curve  is  slightly  over  twice  as  effective  as  the  line. 

For  this  reason,  the  correlation  coefficient  {CC),  which  is  based  on 
the  straight  line,  will  naturally  be  lower  than  the  correlation  index. 
Its  value  is  0.925,  as  compared  with  0.985.  Obviously  the  correla- 
tion values  convey  a  less  definite  sense  of  the  relative  efficiency  of 
line  and  curve  than  do  the  alienation  values.  It  should  be  noted  that 
the  alienation  coefficient  (and  the  correlation  coefficient  associated 
therewith)  is  always  a  conservative  estimate  of  the  importance  of  one 
variable  in  determining  values  of  another. 

It  is  customary  to  use  a  plus  or  minus  sign  before  the  correlation 
coefficient  to  indicate  the  direction  of  slope  of  the  regression  line. 
The  plus  sign  implies  a  rising  line,  or  in  other  words,  that  increases 
in  one  variable  are  associated  with  increases  in  the  other,  while  a 
minus  sign  implies  the  reverse.  If  Formula  VI  is  used,  the  sign  of 
the  term  ''Sum  dxdy"  (before  squaring),  indicates  the  sign  of  the 
coefficient.  It  is  not  customary  to  attach  a  sign  to  the  correlation 
index  since  it  is  both  positive  and  negative  when  part  of  the  curve 
rises  and  part  falls. 

RELATIVE  ADVANTAGES     AND     DISADVANTAGES     OF  THE  STATISTICAL     AND   THE 

GRAPHIC  METHODS 

Although  the  nongraphic  methods,  considered  alone,  are  more 
laborious  than  simple  curve  drawing,  they  are  actually  less  laborious 
if  to  the  work  of  drawing  the  curves  is  added  that  of  checking  their 
adequacy.  The  statistical  methods  almost  simultaneously  produce 
both  a  predicting  mechanism  and  a  criterion  of  its  effectiveness. 
Furthermore  the  result  obtained  is  free  from  personal  bias,  and 
different  workers  using  the  same  data  will  arrive  at  identical  conclu- 
sions. On  the  other  hand,  the  greater  flexibility  of  the  graphic 
method  will  permit  greater  accuracy  in  the  vast  majority  of  instances 
where  only  two  variables  are  involved.  But  where  three  or  more 
variables  must  be  considered,  the  purely  graphic  method  is  less 
successful;  its  advantages  of  flexibility  and  accuracy  are  less  marked, 
and  its  difficulties  are  intensified.  It  follows  that  a  combination  of 
the  two  is  desirable  in  such  cases. 
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GRAPHIC  METHODS  OF  CHECKING  CURVE  FIT 

RESIDUAL  CURVE 

Before  passing  on  to  a  more  detailed  consideration  of  multiple  linear 
correlation,  certain  processes  will  be  described  which  have  little  or 
no  practical  utility  in  connection  with  2-variable  problems,  but  which 
are  more  readily  explained  in  connection  with  them.  These  pre- 
liminary considerations  will  be  of  great  service  in  facilitating  the 
discussion  of  multiple  correlation  problems. 

In  Table  1,  column  8,  have  been  listed  the  residuals  of  curve  B. 
Where  a  point  is  above  the  curve  a  plus  sign  has  been  used,  and  where 
it  is  below  the  curve  a  minus.  These  residuals  may  be  plotted  as  a 
dependent  variable  against  the  original  independent  variable,  which 
in  this  case  is  age.  The  result  is  shown  in  Figure  4,  A.  It  will  be 
seen  that  although  the  plotted  points  of  the  original  data  defined  a 
curve  (Fig.  1,  B),  the  plotted  deviations  from  this  curve  define  a 
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FiQURB  4.— The  residual  curves  corresponding  to  Figure  1,  B,  and  Figure  3.  Correctly  fitted  curves 
should  result  in  horizontal  straight  lines,  signifying  no  correlation  between  residuals  and  inde- 
pendent variables 

horizontal  straight  line.  (Fig.  4,  A.)  It  should  be  clear  without 
detailed  proof  that  this  always  results  from  correct  curve  fitting,  and 
it  follows  that  this  graph  of  residuals  may  be  used  as  a  means  of 
checking  the  correctness  of  any  curve.  Another  way  of  stating  the 
same  thing  is  that  the  residuals  should  not  be  correlated  with  the 
independent  variable.  A  test  of  this  might  equally  well  be  made 
mathematically  by  the  method  outlined  on  page  10.  If  this  were 
done,  the  evidence  of  perfect  curve  fitting  would  be  an  alienation 
coefficient  of  1.00  and  a  regression  equation  which  represented  a 
horizontal  line.  While  sound,  neither  of  these  tests  is  of  sufficient 
value  to  justify  the  labor  involved. 

As  a  case  of  poor  curve  fitting  to  compare  with  the  above,  Figure  3 
may  be  considered.  The  corresponding  residuals  are  given  in  Table  4, 
column  4.  If  these  are  plotted  Figure  4,  B,  results  and  a  well  defined 
curve  appears.  If  this  curve  is  drawn  and  values  read  from  it  are 
added  to  values  read  from  Figure  3,  the  sums,  when  plotted,  will 
produce  the  curve  of  Figure  1,  B.     This  illustrates  an  indirect  method 
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of  curve  fitting  in  which  the  regression  line  is,  as  it  were,  used  as  a 
first  approximation  to  the  truth,  and  is  afterward  converted  into  the 
true  curve  by  means  of  the  residuals.  In  the  present  instance  this 
method  is  of  no  value,  producing  no  better  results  than  the  direct 
method,  and  considerably  lengthening  the  work.  In  problems 
involving  several  variables,  however,  a  slight  modification  of  the 
principle  involved  will  be  of  great  utility. 

The  alienation  coefficient  of  the  residuals  in  Figure  3  will  be  found 
to  be  1,  and  their  regression  line  will  be  horizontal  in  spite  of  the 
obviously  poor  fit.  This  indicates  merely  that  the  straight  line  of 
this  figure  is  the  best  fitting  straight  line,  a  fact  which  does  not  pre- 
clude the  possibility  of  improving  on  the  straight  line  by  adding 
curvature.  This  illustrates  the  limitations  of  this  mathematical 
treatment.  It  will  not  distinguish  at  all  between  such  cases  as  those 
illustrated  in  Figures  4,  A  and  B.  In  fact  it  will  show  errors  only  in 
the  tilt  of  the  line  or  curve. 
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Figure  5. — Curves  showing  comparison  between  measured  and  estimated  values  for  correctly  and 
incorrectly  fitted  curves.  A  is  derived  from  Figure  1,  B,  and  B  from  Figure  3.  Correct  curves 
result  in  45  degree  straight  lines  passing  through  the  origin 


CURVE  OF  RELATION  BETWEEN  MEASURED  AND  ESTIMATED  VALUES 

The  second  type  of  derived  curve,  similar  in  purpose  and  usefulness, 
is  prepared  by  plotting  measured  against  estimated  values  of  the 
variable,  using  the  same  scale  for  each  axis.  If  this  be  done  for  the 
same  data  as  before,  i.  e.,  that  of  Figure  1,  B,  and  Figure  3  (the  values 
used  being  listed  in  columns  6  and  7,  Table  1,  and  columns  2  and  3, 
Table  4),  A  and  B  of  Figure  5  result.  It  will  be  seen  that  a  correctly 
fitted  curve  by  this  treatment  results  in  a  45-degree  straight  line 
radiating  from  the  origin  as  in  Figure  5,  A.  Any  other  line,  or  a 
curve  such  as  Figure  5,  B,  indicates  erroneous  fitting.  The  inter- 
pretation of  various  possibilities  is  as  follows: 

A.  A  45-degree  line  not  radiating  from  the  origin  means  that  the  fitted  curve 
should  be  raised  or  lowered  without  changing  its  tilt  or  form. 

B.  A  straight  line  not  45°  indicates  that  the  tilt  should  be  changed  without 
changing  the  form. 

C.  A  curve  indicates  the  desirability  of  a  change  in  form. 

As  in  the  previous  case.  Figure  5,  B,  may  be  used  in  conjunction 
with  the  straight  line  on  which  it  is  based  (fig.  3)  to  produce  the  true 
curve.     The  process  of  adjustment,  however,  differs  and  is  illustrated 
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in  Table  5.  In  this  the  column  1  values  are  arbitrarily  selected.  Column 
2  contains  values  read  from  Figure  3  (the  straight  line)  corresponding 
to  the  column  1  values,  while  column  3  contains  values  read  from 
the  curve  of  Figure  5,  B,  corresponding  to  the  column  2  values.  The 
result  is  practically  identical  with  the  curve  of  Figure  1,  B. 

Table  5. — Correction  of  regression  line  by  means  of  Figure  6,  B,  to  produce  curves 

similar  to  Figure  1 


Age 

Esti- 
mated 
diameter » 

Corre- 
sponding 
measured 
diameter » 

Age 

Esti- 
mated 
diameter! 

Corre- 
sponding 
measured 
diameter  > 

Age 

Est!- 

mated 

diameter ' 

Corre- 
sponding 
measured 
diameter* 

Years 
20 

Inches 
11.8 
13.9 
15.9 

Inches 
9.6 
14.3 
17.6 

Years 
60 

Inches 
17.9 
20.0 
22.0 

Inches 
20.0 
21.7 
23.1 

Years 
80 

Inches 
24.0 
26.1 
28.1 

Inches 
24.0 

30           .  — 

60 

90.. 

24.7 

40 

70 

100 

24.9 

»  From  Figure  3. 


>  From  Figure  5,  B. 


Like  the  last  process,  this  method  of  preparing  curves  indirectly 
by  means  of  the  regression  straight  line  has  no  utility  here,  but 
slightly  modified  it  also  will  be  used  with  advantage  in  multiple- 
correlation  problems. 

MULTIPLE  REGRESSION  EQUATION 

Where  more  than  three  variables  are  involved  in  a  problem,  a  non- 
graphic method  is  available  which  is  closely  parallel  to  that  already 
described  for  two  variables.  Since  a  form  analogous  to  a  straight 
line  is  assumed,  the  equation  employed  remains  in  the  first  degree, 
but  must  provide  for  additional  independent  variables.  Its  form  is 
(for  three  variables)  W=AX+BY+K;  (for  four  variables)  W=AX+ 
BY+CZ  +  K,  etc.,  where  W  is  the  dependent  variable,  X,  F,  and  Z 
are  the  independent  variables,  and  A,  B,  C,  and  K  are  constants  to  be 
determined  from  the  available  data. 

The  determining  of  these  constants  is  best  done  by  the  method  of 
least  squares.  It  may  be  accomplished  through  the  use  of  the  follow- 
ing procedure. 

It  is  first  necessary  to  rewrite  the  equation  in  slightly  different 
symbols.  This  revised  form  is  quite  closely  analogous  to  that  on 
page  10  for  two  variables,  thus — 

W=Mw+Brvx^iX-M:,)  +  B^y^{Y-My)        (VII) 


where  W  is  the  dependent  variable;  Mw,  Mx,  and  My  are  the  mean 
values  of  W^  X,  and  F;  SDw,  SDx,  and  SDy  are  the  standard  devia- 
tions of  W,  X,  and  F;  and  Bwx  and  Bwy  are  coefficients  to  be  determ- 
ined. The  means  and  standard  deviations  are  determind  by  the 
method  already  described  (p.  6),  but  the  determination  of  the 
coefficients®  Bwxi  etc.,  requires  the   use  of  two  or  more  ** normal 

*  CCwx  and  CCxw  are  identical,  but  Bwx  and  Bxw  are  not.    The  correct  signs  of  the  correlation coeffi* 
oients  must  be  used  (see  p.  13). 
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equations,"  which  are  as  follows,  VIII-A  serving  for  three  variables, 
and  VIII-B  for  four  variables — 

CCyx-Bwx~^  Bwy'^CCwy  J 


-ttwx'^  (^(^xyJ^wy^  ^^xz^wz^^^^^wx 

OC'YxJ^WX'^  ^WY~^  ^^YZ^WZ"^  ^^WY 

(-^(-^zxJ^wx'^  (^(-^zyJ^wy>  -^wz"^  (^^wz 


(VIII-B) 


etc.,  etc.,  each  additional  variable  adding  one  equation  and  length- 
ening each  equation  by  one  term.  By  observing  the  sequence  of 
terms  it  is  easy  to  write  the  four  equations  for  a  problem  with  five 
variables,  etc. 

To  illustrate  this  method  it  is  necessary  to  select  a  problem  involv- 
ing more  than  two  variables,  such  as  that  of  the  relation  between  bark 
thickness,  d.  b.  h.  (diameter  breast  high),  and  height  of  second- 
growth  longleaf  pine  trees.  A  considerable  number  of  data  will  be 
used  (564  tree  measurements)  and  it  would  be  out  of  the  question  to 
list  them.  The  computations  of  averages,  standard  deviations,  and 
alienation  coefficients  involve  no  new  principle.  These  values,  there- 
fore, may  be  taken  as  a  starting  point.     They  are : 

standard 
Mean  deviation 

Bark  thickness  (TF) 0.605  0.185 

Diameter  (X) 7.01  2.67 

Height  (F) 54.  99  16.  7 

Alienation  coefficients,  bark  and  diameter  (ACwx) 0.  893 

Ahenation  coefficients,  bark  and  height  (ACwy) •  968 

Ahenation  coefficients,  diameter  and  height  (ACxy) .  524 

From  these  the  following  correlation  coefficients  were  calculated: 

Bark  and  diameter  (CCwx) +0.  450 

Bark  and  height  (CCwy) +.  251 

Diameter  and  height  (CCxy) - +•  852 

Substituting  these  values  in  the  normal  equations  (VIII-A)  we 
have — 

Bwx+0.S52  BwY=0A50 

0M2  Bwx  +  BwY  =  0.251 

These  equations  must  now  be  solved  simultaneously  to  obtain  the 
values  of  Bwx  and  Bwy-  For  example,  we  may  multiply  the  second 
by  0.852  and  then  subtract  it  from  the  first,  thus — 

Bwx  + 0.S52  BwY=0A50 
0.726  Bwx+ 0'S52  Bwy  =  0.2U 
0.274:  Bwx  =0.236 

Bwx  =0.861 

Then,  if  this  value  of  Bwx  is  substituted  in  the  first  equation,  it 
becomes — 

0.861  +  0.852  BwY=   0.450 
0.852  i5^y=-. 411 

BwY=-AS2 

8553—31 3 
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The  values  of  the  coefficients  may  now  be  substituted  in  Equation 
VII,  as  may  also  the  given  values  for  means  and  standard  deviations. 
This  will  give — 

1^=0.605  +  0.861  Y§f  (X- 7.01) -0.482  ^^  (F- 54.99) 
=  0.0596Z-  0.00534F+  0.481 

which  is  the  required  multiple  regression  equation. 

The  accuracy  of  this  equation  as  a  mechanism  for  predicting  bark 
thickness  can  be  measured,  as  in  the  cases  previously  illustrated,  by 
computing  estimated  bark  thickness  for  each  of  the  564  trees  measured 
and  then,  by  comparing  estimated  and  measured  values,  calculating 
the  standard  error.  From  this  in  turn  the  multiple  coefficient  of 
alienation  and  the  multiple  coefficient  of  correlation  can  be  derived. 
In  the  present  instance  the  standard  error  is  0.158  inches.  The  mul- 
tiple alienation  coefficient  is  then — 

SD~  0.185~^'^^^' 

and  the  multiple  correlation  coefficient  is — 

Vl- (0.854)2  =  0.520 

This  method  brings  out  best  the  principles  involved,  but  time  can 
be  saved  by  calculating  the  alienation  coefficient  directly  and  then 
working  backwards  to  the  other  values  needed.  The  equation  which 
may  be  used  is — 

-^CwiXYz--)  ~  VI "~  (BwxCCwx'^ BwyC'Cwy'^ ^wzCCwz"^ )    (IX) 

where  ACwixyz-)  is  the  multiple  alienation  coefficient  between  W 
and  Xj  Y,  Z,  etc.     In  the  present  instance  this  becomes — 

ACw(XY)  =  Vl- [(0.861X0.450) +  (-0.482X0.251)]  =  0.856 

The  corresponding  correlation  coefficient  is  Vl~"  (0-856)^  =  0.517. 
Since  the  standard  deviation  of  the  bark  thickness  is  0.185,  the 
standard  error  may  be  obtained  by  means  of  Equation  III — 

0.856=  ^^ 


0.185 

5'^;=  0.158 

It  will  be  seen  that  the  values  are  approximately  the  same  as  before 
but  that  the  computation  is  simple  and  brief,  an  estimate  of  each 
individual  bark  thickness  being  unnecessary.  The  small  difference  in 
the  alienation  coefficient  could  be  eliminated  by  retaining  more  sig- 
nificant figures. 

The  alienation  coefficient  here  is  high.     Of  the  variation  in  bark 
thickness  85.6  per  cent  is  associated  with  factors  other  than  diameter 
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and  height.  As  a  predicting  medium  the  regression  equation  obvi- 
ously leaves  much  to  be  desired.  It  is  not  clear,  however,  how  much 
of  this  high  value  is  due  to  other  unevaluated  variables  and  how  much 
is  the  result  of  assuming  that  the  equation  is  linear.  It  has  been 
seen  that  the  alienation  index  may  be  much  lower  than  the  aliena- 
tion coefficient  where  proper  curves  are  used.  This  situation  then 
emphasizes  the  need  for  improved  methods  of  working  with  multiple 
curvilinear  correlation,  and  it  is  such  a  new  method  that  it  is  the 
primary  purpose  of  this  bulletin  to  present. 

The  linear  regression  equation  shows  that  both  height  and  diameter 
have  some  influence  on  bark  thickness  and  permits  an  approximate 
appraisal  of  their  relative  importance.  Moreover,  this  information 
can  not  readily  be  obtained  by  simple  graphic  methods.  To  illus- 
trate this.  Figure  6  is  presented  to  show  the  measurements  involved 


ml.O 


es__ 

91 

,40 

108 

-^^- 

3^0 

^ 

-^0 

3^ 

•1-2 

10 


20 


30 


40 


50  60  70 

Height   (feet) 


SO 


90 


100 


no 


531-5 

o 


o 
Ic  .5 


CO    0 


7688_ 

1L4^ 

lS-4^ 

♦=2424" 

+ 
2  ^ 

+ 
2 

+ 

2 

18^ 

6  8  10  12  14  16 

Breast-high    diameter   (inches) 


20 


22 


Figure  6. — Relation  of  bark  thickness  to  height  and  bark  thickness  to  diameter  as  brought  out  by 
2-variable  graphs.    The  correlation  in  each  case  is  apparently  positive.    Compare  with  Figure  7 

in  this  study  plotted  in  the  customary  way  over  both  diameter  and 
height.  While  the  points  indicate  some  curvilinearity,  in  neither  case 
can  a  straight  line  be  considered  a  poor  interpretation.  One  would 
conclude  from  examining  these  graphs  that  increases  in  height  and 
diameter  both  are  associated  with  an  increase  in  bark  thickness. 
However,  the  multiple  regression  equation  (p.  18) — 

Bark  thickness  =  0.0596  diameter -0.00534  height +  0.481 


shows  that  while  an  increase  in  diameter  is  associated  with  an  increase 
in  bark,  the  larger  the  value  used  for  height,  the  smaller  the  value 
which  will  result  for  bark  thickness.  This  is  an  apparent  contradic- 
tion to  the  conclusions  drawn  from  Figure  6,  B.  To  understand  how 
these  conclusions  may  be  reconciled  it  is  necessary  to  plot  this  equa- 
tion, as  in  Figure  7,  which  was  prepared  by  substituting  for  diameter 
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the  arbitrary  values  2,  4,  6,  etc.,  and  then  plotting  the  resulting  series 
of  straight  lines.  It  will  be  seen  that  each  individual  line  falls  as  the 
height  increases,  but  that  the  series  of  lines  viewed  as  a  whole  tends  to 
rise.  In  other  words,  the  net  effect  of  increase  in  height,  when  diam- 
eter does  not  vary,  is  to  decrease  bark  thickness;  but  when  diameter  is 
allowed  to  increase  with  height,  as  it  normally  does,  the  trees  will  have 
thicker  bark,  not  because  of  their  height  but  because  of  their  diameter. 
Clearly  both  graphs  represent  the  truth,  but  Figure  7  is  a  far  more 
complete  statement  and  is,  in  addition,  a  better  means  of  predicting 
bark  thickness.  This  same  information  can  be  obtained  directly 
from  the  regression  equation  without  plotting  the  graph.  The  plus 
sign  before  the  coefficient  of  diameter  (  +  0.0596)  means  that  the  net 
effect  of  diameter,  i.  e.,  the  effect  of  diameter  when  height  is  constant, 
is^^to  increase  bark  thickness,  while  the  minus  sign  before  the  coefficient 
of  height  (  —  0.00534),  means  that  the  net  effect  of  height  is  to  decrease 
bark  thickness.  Furthermore,  since  the  coefficient  of  diameter  is 
the  larger,  diameter  is  a  more  important  factor  than  height.  In 
comparing  the  coefficients  in  such  cases,  however,  the  range  of  values 
of  the  variables  must  be  borne  in  mind.     If  diameter,  for  example, 
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Figure  7. — Relation  of  bark  thickness  to  height  and  diameter  as  brought  out  by  the  multiple 
regression  equation  (linear) .  Correlation  between  bark  thickness  and  height  is  now  seen  to  oe 
negative.    Compare  with  Figure  6 

ranges  from  2  to  16  inches,  the  effect  of  diameter  will  cause  bark  thick- 
ness to  vary  from  0.0596X2  =  0.12  to  0.0596 X  16  =  0.95,  a  difference 
of  0.83  inch.  On  the  other  hand,  if  height  ranges  from  20  to  100  feet, 
its  effect  will  range  from  0.00534x20  =  0.11  to  0.00534X100  =  0.53, 
a  difference  of  0.42  inch.  The  maximum  difference  due  to  diameter 
is,  therefore,  only  about  twice  as  great  as  that  due  to  height. 

Another  even  better  method  of  analyzing  these  relations  is  to 
compare  the  alienation  coefficients  and  standard  errors  of  the  three 
regression  equations  which  are  based  on  height  alone,  on  diameter 
alone,  and  on  both.  On  pages  17  and  18  the  corresponding  alienation 
coefficients  have  been  given;  from  these,  standard  errors  may  be 
computed  in  the  usual  way,  as,  for  example: 

Variables                                                                                           Alienation  coefficient  Standard  error 

Bark  and  height.--. --- ---  0.  968  0.  179 

Bark  and  diameter .  893  .  166 

Bark,  diameter,  and  height .  856  .  168 

It  will  be  seen  that  while  all  these  alienation  coefficients  and 
standard  errors  are  high  the  use  of  diameter  alone  reduces  them 
considerably  below  what  is  obtainable  by  the  use  of  height  alone,  and 
the  use  of  both  factors  is  marked  by  a  still  further  improvement  of 
slightly  less  magnitude.     The  standard  error  is  improved  by  a  reduc- 
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tion  of  0.014  inch  through  using  diameter  instead  of  height,  and  an 
additional  0.007  by  using  both.  Information  of  this  sort  should  make 
possible  an  intelligent  decision  in  any  given  problem  as  to  what 
factors  should  be  used,  or  whether  a  further  search,  either  for  addi- 
tional variables  or  for  curvilinearity  in  the  relations  may  be  desirable . 

CURVILINEAR  MULTIPLE  CORRELATION 

It  should  by  now  be  obvious  that  a  method  of  handling  curvilinear 
multiple  correlation  is  needed  in  many  cases.  As  has  already  been 
said,  where  no  more  than  three  variables  are  involved,  harmonized 
curves  drawn  by  the  conventional  method  long  employed  by  foresters 
offer  a  solution.  In  the  case  just  described,  for  example,  much  the 
same  conclusions  might  have  been  reached  by  this  method.  In 
practice,  however,  this  method  is  far  from  satisfactory  because, 
(1)  a  very  large  number  of  data  are  required  for  satisfactory  curves, 
and,  (2)  it  is  next  to  impossible  to  keep  track  adequately  of  weights 


Figure  8. — Various  types  of  correlation  surfaces.  A  is  a  surface  of  the  type  assumed  in  ordinary 
linear  multiple  correlation.  The  equation  is  of  the  type  Z=AX-\-BY+C.  B  is  a  correlation 
surface  where  the  regression  equation  is  of  the  type  Z=fi(X)-\-f»(Y)+C.  O  is  a  surface  where 
the  regression  equation  is  of  the  type/o(Z)=/i(X)-f/2(Y)-fC 

during  the  construction  of  the  second  and  subsequent  sets  of  curves. 
As  a  result,  in  actual  practice  this  method  is  becoming  discredited 
even  for  3-variable  problems.  As  has  already  been  stated,  it  is 
unusable  for  problems  involving  four  or  more  variables. 

Clearly  then,  a  mathematical  method  is  needed.  The  chief 
difficulty  is  that  the  type  of  equation  involved  is  usually  unknown. 
In  instances  where  it  may  be  predicted,  the  least-squares  method  is 
available;  but  this  is  rarely  the  case  in  forestry  problems. 

Figure  8  illustrates  tliree  geometrically  different  types  of  relation- 
ship where  three  variables  are  involved.  Just  as  a  2-variable  equa- 
tion may  be  considered  as  geometrically  equivalent  to  a  line,  so  a 
3-variable  equation  may  be  considered  as  geometrically  equivalent  to 
a  surface.  If  a  2-variable  equation  of  the  first  degree  may  be  repre- 
sented by  a  straight  line,  a  3-variable  equation  of  the  first  degree 
may  be  represented  by  a  plane  surface.  Figure  8,  A  represents  such 
a  surface.  The  independent  variables  are  assigned  values  on  the 
two  horizontal  axes,  and  the  dependent  variable  is  measured  verti- 
cally.    Its  equation  is — 

Z=AX+BY+C 
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Figures  8,  B  and  C,  represent  two  cases  of  nonlinear  equations. 
Figure  8,  B,  represents  an  equation  of  the  form — 

where /i(  )  andy2(  )  signify  ^'any  function  of/' 

The  substitution,  in  such  an  equation,  of  a  series  of  values  for  X 
(or  F)»  is  equivalent  to  intersecting  the  surface  by  a  series  of  parallel 
vertical  planes.  The  lines  of  intersection  in  Figure  8,  A,  are  6c, 
6'c',  etc.,  and  these  are  analogous  to  the  harmonized  curves  of  the 
conventional  graphic  method.  It  is  obvious,  therefore,  that  in  the 
present  instance  these  harmonized  curves  are  a  series  of  parallel 
straight  lines,  and  this  is  true  whether  the  intersecting  planes  be 
parallel  to  the  X  or  to  the  Y  axis.  In  Figure  8,  B,  however,  the 
resulting  harmonized  curves  are  nonlinear  but  still  ''  parallel."  The 
curve  systems  with  which  foresters  are  accustomed  to  deal  are  seldom 
of  this  type,  and  it,  therefore,  follows  that  a  more  flexible  type  of 
equation  must  be  used.     If  it  is  assumed,  however,  that — 

/„(Z)=/i(X)+/,(D  +  <7 

the  geometrical  analogy  may  appear  like  Figure  8,  C,  and  in  this  the 
harmonized  curves  are  no  longer  necessarily  parallel,  because  of  the 
functional  character  of  the  dependent  variable. 

The  appropriate  method  for  such  cases  can  perhaps  best  be 
explained  by  a  concrete  example.  To  permit  a  comparison  of  the 
relations  empirically  obtained  with  the  true  relations  a  hypothetical 
case  will  be  set  up  by  means  of  the  assumed  equation — 


(fJ=VZ+10  1ogF 


It  will  be  seen  that  this  has  been  so  chosen  as  to  conform  to  the  more 
general  type  just  defined.  Table  6  shows  30  sets  of  observations,  the 
values  of  X  and  Y  being  selected  at  random,  and  the  corresponding 
value  of  Z  being  calculated  (to  the  nearest  unit)  by  means  of  this 
equation.  (These  calculated  values  are  to  be  considered  equivalent 
to  the  measured  values  of  an  actual  problem  based  on  field  data.) 
The  problem  is  to  find  the  essential  equivalent  of  this  equation  by 
means  of  these  30  sets  of  values.  With  so  few  data  it  would  be 
futile  to  attempt  it  by  the  conventional  graphic  method  of  harmonized 
curves.  The  method  of  attack  will  be,  first,  to  determine  the  multiple 
regression  equation  and  then  later,  by  a  series  of  successive  approxi- 
mations based  on  an  analysis  of  the  residuals,  to  modify  the  graphic 
equivalent  of  the  equation  by  introducing  whatever  curvilinearity  is 
present.     The  procedure  will  be  described  step  by  step. 
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THE  CORRELATION  ALINEMENT  CHART  ILLUSTRATED  BY  AN 

EXAMPLE 

Step  i.— The  first  step  is  the  determination  of  the  multiple  regres- 
sion equation  by  the  method  already  described.  This  has  been  done 
and  found  to  be — 

Z=  0.0635Z+  0.3684F+  9.392 

The  multiple  aUenation  coefficient  is  0.54.     The  corresponding  plane 
surface  is  illustrated  in  Figure  9. 
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PiQUBK  9.— The  plane  of  the  linear  regression  equation  (the  first  approximation)  and  the  curved 
surface  representing  the  second  approximation  for  the  material  in  Table  6 

Siej)  2. — The  second  step  involves  the  calculation  of  estimated 
values  of  Z  by  means  of  this  equation,  a  decidedly  tedious  process 
were  there  several  hundred  observations  instead  of  30.  Up  to  this 
point  in  this  discussion  short-cut  methods  have  not  been  described, 
since  to  do  so  would  merely  confuse  the  reader.  In  the  present  in- 
stance, however,  the  use  of  a  time-saving  mechanism,  the  alinement 
chart,  is  so  intimately  associated  with  the  whole  procedure  that  it 
will  be  necessary  to  describe  it.  An  example  of  an  alinement  chart 
which  permits  rapid  computation  by  the  regression  equation  just 
given  is  shown  in  Figure  10.  Its  properties  are  such  that  any  straight 
line  which  cuts  the  three  axes  will  intersect  them  at  values  which 
satisfy  this  equation.     It  therefore  follows  that  if  values  of  X  and 
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T  are  given,  a  straight  line  connecting  them  will  intersect  the  Z 
axis  at  the  required  value.  How  such  charts  may  be  constructed 
will  be  described  in  later  pages.  For  the  present  it  will  be  assumed 
that  the  required  chart  is  at  hand.  It  is  used  to  determine  esti- 
mated values  of  Z,  which  are  entered  in  the  fourth  column  of  Table  6. 
Step  3. — The  residuals,  or  differences  between  each  original  (meas- 
ured) value  of  Z  and  the  corresponding  estimated  value  obtained 
in  step  2  are  next  computed.  These  are  entered  in  column  12  of 
Table  6. 
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Figure  10.— Alinement  chart  for  the  equation  (first  approximation)  Z=  0.0635  X+0.3684F-I-9.392. 
A  straightedge,  or  straight  line  on  a  celluloid  strip,  laid  across  the  chart  in  such  a  manner  as  to 
intersect  the  X  and  Faxes  at  any  given  values  of  these  variables  will  intersect  the  Z  axis  at  the 
same  value  as  would  be  obtained  by  means  of  the  equation 

As  a  preparatory  step  for  the  use  of  these  residuals,  the  multiple 
regression  equation  is  next  converted  into  two  net  regression  equa- 
tions by  substituting  in  it  first  the  mean  value  for  Y  and  then  the 
mean  value  for  X.     These  substitutions  give — 

Z=0.0635X+ 12.79 

Z=0.3684F+9.97 


Lines  corresponding  to  these  two  equations  are  then  drawn,  the 
straight  lines  of  Figure  11.  The  residuals  are  next  plotted  about 
the  net  regression  line  for  X,  their  horizontal  position  being  deter- 
mined by  the  corresponding  X  values  and  their  vertical  positions 
being  measured,  not  from  the  horizontal  axis,  but  from  the  regres- 
8553—31 4 
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for  the  data  in  Table  6.    The  straight  lines  fit  the  data  poorly 
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sion  line,  above  or  below,  according  to  their  signs.  (Class  averages 
rather  than  individual  values  are  shown  in  fig.  11.)  The  same  pro- 
cess is  then  repeated  for  the  net  regression  line  for  Y.  Free-hand 
curves  are  then  fitted  to  each  series  of  points  without  difficulty.  In 
both  cases  there  are  decided  indications  of  curvature. 

This  process  is  analogous  to  that  outlined  on  page  14  and  illus- 
trated in  Figure  4,  except  that  the  residuals  are  plotted  about  the 
regression  line  instead  of  about  a  zero  horizontal  axis.  Had  the 
regression  equation  been  an  adequate  expression  of  the  data,  there 
would  have  been  no  correlation  between  the  residuals  and  either  of 
the  independent  variables.  The  points  plotted  hj  means  of  the 
residuals  (as  in  fig.  11)  would  then  define  the  regression  lines.  That 
this  is  not  the  case  in  the  present  instance  is  evidence  of  the  existence 
of  curvilinearity. 

Step  4- — These  curves  are  next  used  to  calculate  the  second  esti- 
mated values  of  Z  (column  5,  Table  6).  This  may  be  done  by  read- 
justing the  graduations  of  the  X  and  Y  axes  of  the  alinement  chart 
to  make  them  agree  with  these  curves  instead  of  the  straight  lines 
from  the  regression  equations.  For  example,  in  the  lower  part  of 
Figure  1 1  it  will  be  seen  that  the  value  from  the  curve  corresponding 
to  Y=20  is  the  same  as  that  from  the  regression  straight  line  for 
F=  15.5.  The  revised  20  graduation  is,  therefore,  placed  where  the 
15.5  graduation  was  originally  located.  In  a  similar  way  19  is  placed 
where  15.3  was  originally,  etc.,  etc.  When  both  X  and  Y  scales  of 
the  alinement  chart  are  thus  completely  revised  (fig.  12),  the  second 
estimated  values  for  Z  may  be  read  from  it  directly. 

Although  the  second  estimate  residuals  are  not  used,  they  are 
entered  in  column  13  for  the  purpose  of  comparison. 

Figure  9  shows  how  the  plane  of  the  regression  equation  has  in 
effect  been  modified  by  this  treatment.  The  curved  surface  is  of 
the  type  shown  in  Figure  8,  B. 

Step  5. — It  is  at  this  point  that  the  possibility  of  a  functional 
relationship  between  Z  and/i  (X)  +  J2  (Y)  may  be  investigated.  In 
correcting  the  alinement  chart,  variably  spaced  graduations  have  been 
substituted  for  those  of  uniform  interval  on  the  X  and  F  scales.  The 
possibility  of  an  improvement  through  a  similar  transformation  of 
the  Z  scale  is  obvious.  Such  a  transformation  may  be  readily 
accomplished  as  follows: 

For  convenience,  the  measured  and  second  estimate  values  of  Z 
are  first  sorted  into  classes,  the  sorting  basis  being  the  second  esti- 
mates, as  illustrated  in  Table  7. 

Table  7. — Example  of  sorting  of  second  estimate  and  measured  values  on  basis  of 

second  estimates,  in  step  5 


Num- 
ber of 
items 

Average  value  of  Z 

Second-estimate  class 

Num- 
ber of 
items 

Average  value  of  Z 

Second-estimate  class 

Second 
estimate 

Meas- 
ured 

Second 
estimate 

Meas- 
ured 

8.0  to  8.9 

2 
1 
2 
0 
4 

8.25 
9.5 
10.3 

8.0 
9.0 
10.5 

13.0  to  13.9 

5 
11 
4 

1 

13.4 
14.5 
15.4 
16.0 

13.2 

9  0  to  9  9 

14.0  to  14.9 

14.5 

10.0  to  10.9            

15.0  to  15.9 

15.2 

11.0  to  11.9 

16.0  to  16.9 

16.0 

12.0  to  12.9 

12.5 

13.0 
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The  desired  correction  is  to  place  the  8.0  graduation  where  the 
8.25  graduation  (which  is  not  actually  marked)  now  is,  and  so  on. 
The  various  corrections  indicated  must  be  harmonized,  however, 
and  this  is  accomplished  by  plotting  the  average  measured  values  of 
this  table  over  the  average  second  estimates  and  fitting  a  curve  to 
them.  (Fig.  13.)  By  means  of  this  curve  the  Z  axis  may  be  regrad- 
uated.  For  example,  reading  the  curve  backwards,  the  revised  8.0 
graduation  is  placed  where  the  original  8.3  graduation  was  located. 
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Figure  12,— Alinement  chart  for  the  second  estimation  of  values  of  Z  from  values  of  X  and  Y. 
This  is  derived  from  Figure  10  by  means  of  the  curves  of  Figure  11.  The  folding  back  of  the 
graduations  of  Xis  the  result  of  the  rising  and  falling  curve  for  that  variable  In  Figure  11 

In  the  present  instance,  the  curvature,  though  well-defined,  is  slight, 
and  hence  may  be  accidental.  It  would  not  be  at  all  surprising  to 
see  it  eliminated  in  later  stages.  As  will  be  seen,  however,  it  becomes 
more  and  more  accentuated. 

With  the  Z  axis  of  the  alinement  chart  regraduated  to  correspond 
to  this  curve,  the  third  estimates  of  Z  are  obtained. ^°  (Column  6, 
Table  6.) 


'0  if  preferred,  these  third  estimates  may  be  read  directly  from  Figure  13  (the  curved  value  of  measured 
Z  corrosi)onding  to  the  second  estimate  becomes  the  third  estiniate),  but  the  alinement  chart  must  be 
revised  in  any  event  for  use  in  subsequent  steps. 
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This  step  will  be  recognized  as  similar  to  that  described  on  page  15 
and  illustrated  in  Figure  5.  Had  no  correction  been  required,  the 
points  of  Figure  13  would  have  defined  the  45-degree  straight  Hne 
passing  through  the  origin.  Had  they  defined  a  straight  line  not 
passing  through  the  origin,  this  would  have  indicated  slight  errors 
in  fitting  the  curves  of  Figure  1 1 . 

Step  6. — The  next  process  is  a  repetition  of  the  third  and  fourth 
steps  and  is  illustrated  by  Figure  14  and  columns  14,  7,  and  15  of 
Table  6.  The  residuals  of  this  estimate  are  plotted  about  the  curves 
of  Figure  11  instead  of  about  the  regression  straight  lines.  It  will 
be  seen  that  in  both  portions  of  Figure  14,  the  curvature  has  been 
reduced.     In  regraduating  the  axes  of  the  alinement  chart  to  corre- 
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Figure  13.— The  average  measured  values  of  Table  7,  plotted  over  the  average  second-estimate 
values.  The  ourve  fitted  is  used  for  revising  the  Z  axis  of  Figure  12.  It  can  also  be  used  for 
reading  a  third  estimate  from  the  second-estimate  values 

spond  to  the  revised  curves,  it  is  somewhat  easier  to  refer  the  new 
graduations  to  the  uniformly  spaced  graduations  of  Figure  10,  and 
for  this  reason  the  original  regression  lines  (dotted)  are  entered  in 
Figure  14. 

Step  7. — The  next  step  is  a  repetition  of  the  fifth  and  is  illustrated 
by  Figure  15  and  column  8  of  Table  6.  The  curvature  suggested  by 
Figure  13  is  here  more  strongly  defined. 

Subsequent  steps. — In  a  similar  manner  those  two  types  of  successive 
approximations  may  be  alternately  applied  until  it  is  is  seen  that  no 
further  improvement  is  being  made.  The  final  graph  of  the  type  of 
Figures  13  and  15  should,  of  course,  be  approximately  a  45-degree 
straight  line,  and  this  is  illustrated  in  Figure  16. 

Final  step. — In  some  cases,  particularly  where  the  independent 
variables  are  closely  correlated  with  each  other,  the  successive  curves 
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Figure  14.— The  residuals  of  the  third  estimate,  column  14,  Table  6 
(plotted  about  the  second-regression  lines),  to  which  the  regression 
lines  for  the  fourth  estimate  iire  fitted.  The  curvature  is  less  in 
each  case.  This  is  not  unconunon  where  the  two  lines  curve  in 
the  same  direction 
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Figure  16.— Average  measured  values  plotted  over  the  averages  of  the  fourth-estimate  values, 
preparatory  to  again  revising  the  Z  axis  and  making  the  fifth  estimate.  The  slight  curvature 
indicated  by  Figure  13  is  not  only  confirmed  but  increased 
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Figure  16.— The  final  measured-estimated  Z  curve,  a  well-defined  46-degree  straight  line  showing 
that  little  further  improvement  can  be  made 
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may  be  found  to  swing  back  and  forth  instead  of  settling  down  into 
well-defined  and  stable  positions.  In  such  cases  the  final  correction 
may  be  made  by  calculating  a  multiple  regression  equation  between 
the  last  residuals  and  the  independent  variables,  such  as — 

e  =  AX+BT+C 

where  e  is  the  residual  of  the  last  estimate. 

Had  the  previous  steps  been  so  completely  successful  that  further 
corrections  were  impossible,  this  would  be  evidenced  by  zero  values 
for  A,  B,  and  C.  If  they  were  not  equal  to  zero  it  would  be  clear  that 
the  part  of  the  residuals  which  is  associated  with  X  and  Y  may  be 
eliminated  by  appropriate  corrections,  and  the  estimates  further 
improved  thereby. 

Although  there  is  no  evidence  in  the  curves  that  such  a  correction 
is  desirable  in  the  present  instance,  it  is  interesting  to  perform  it,  if 
only  to  illustrate  the  method.  If  a  regression  equation  be  computed 
from  the  values  of  column  18A  and  columns  1  and  2,  the  following 
results — 

e  =  0.0227J^+  O.OlSSr-  0.396. 

The  alienation  coefficient  is  0.884.  Obviously,  the  small  correc- 
tions implied  by  this  equation  are  insignificant.  An  accurate  appraisal 
of  their  importance  can  best  be  made  by  a  calculation  of  the  following 
type.  The  alienation  index  obtained  by  the  seventh  estimate  is 
0.126.  The  alienation  index  resulting  from  applying  this  correction 
will  be  the  product  0.126X0.884  =  0.111.  It  is  hard  to  conceive  any 
practical  case  in  which  an  improvement  of  this  magnitude,  0.126  to 
0.111,  would  justify  the  labor  of  making  it,  but  in  the  present  instance 
it  will  be  carried  out  in  order  to  illustrate  the  method. 

The  correction  equation  can  readily  be  expressed  by  an  alinement 
chart,  but  unfortunately  it  can  not  be  used  to  correct  the  existing 
chart  except  in  cases  where  the  dependent  variable  has  not  taken  on 
a  functional  form.  This  would  be  awkward,  since  an  additional  chart 
would  be  needed  for  the  final  correction.  The  diflGlculty  of  combining 
two  such  charts  comes  from  the  fact  that  the  correction  equation  is 
of  the  form 

ez  =  AX+BY+0 

and  this  can  not  be  added  to 

UZ)=MX)+UY) 

so  as  to  yield  an  equation  of  similar  form.  It  would,  however,  be 
possible  to  add  a  correction  equation  of  the  type 

ef,,,,=AX+BY+C 

or  this  would  result  in 

[corrected /o(Z)]  =  [/o(Z)  +  6/,cz)]  =  IMX)  +  AX]  +  [/a(F)  +  5F]  +  (7. 

Interpreted  graphically  this  difficulty  is  associated  with  the  diverg- 
ence and  convergence  of  the  graduations  of  the  Z  axis  of  the  aline- 
ment chart,  in  terms  of  which  the  residuals  are  expressed. 
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To  express  the  residuals  in  terms  of /o(Z)  all  that  is  necessary  is 
to  add  to  this  axis  a  convenient  auxiliary  scale  with  uniform  spacing.^^ 
The  multiple  regression  equation  between  these  residuals  and  the 
independent  variable  is  computed  and  substituted  for  that  just 
described. 

Figure  17  shows  the  alinement  chart  by  means  of  which  the 
seventh  approximations  are  computed,  with  this  auxiliary  scale  added 
to  the  Z  axis.  The  residuals  computed  thereby  are  given  in  Table 
6  in  column  18,  B.  The  multiple  regression  equation  between  these 
and  the  independent  variables  is 

ef^(z)  =  0.0272  X+ 0.0255  F- 0.508 

The  coefficient  of  alienation  is  0.925,  which  differs  but  little  from 
that  already  obtained  (0.884)  for  the  equation  for  ez.  Modification 
of  the  alinement  chart  for  the  seventh  estimate  to  provide  for  this 
correction  involves  raising  the  graduations  of  the  X  axis  sufficiently 
to  increase  the  final  readings  by  0.0272  X,  raising  those  of  the  Y 
axis  sufficiently  to  increase  the  final  readings  by  0.0255  Y,  and  finally 
raising  those  of  the  Z  axis  by  a  uniform  0.508  so  that  the  final  read- 
ings will  be  reduced  by  this  constant.  To  produce  this  result  ^^  the  X 
graduations  must  be  raised — 


0-0^^^  <ISSe£^I^I^ftS)  =  0.0272  XQ  =  0.185 


X 


the  result  thus  calculated  being  in  terms  of  the  auxiliary  units  added 
to  the  Z  axis.     In  a  similar  way  the  Y  graduations  must  be  raised — • 

Moreover,  instead  of  raising  the  Z  axis,  it  is  somewhat  easier  to  drop 
both  the  other  axes  the  same  amount,  thus  making  the  correction 
equations : 

e/^(z)  =  0.185^-0.508 

and  Cf^^z)  =  0.0299  Y-  0.508 

The  shifted  graduations  are  shown  in  Figure  17,  and  the  final  esti- 
mates and  their  residuals  are  given  in  Table  6,  columns  11  and  19. 

This  type  of  final  correction  is  not  as  laborious  as  might  appear  at 
first  sight.  The  intercorrelations  between  the  independent  variables 
have  previously  been  calculated  in  connection  with  the  first  step, 
which  materially  shortens  the  labor  involved.  In  most  cases  the 
alienation  coefficient  of  the  resulting  regression  equation  will  indicate 
that  the  application  of  the  correction  is  not  justified. 

The  progressive  improvements  which  result  from  the  successive 
approximations  are  indicated  by  the  values  of  the  standard  deviation 
and  standard  errors  and  of  the  alienation  and  correlation  indices 

11  The  absolute  distance  between  the  measured  and  last  estimated  values  on  the  Z  axis  is  measured  by 
this  auxiliary  scale,  or,  more  simply,  the  difference  is  computed  between  the  auxiliary  scale  values  opposite 
each  measured  value  and  its  corresponding  last  estimate.  These  are  the  residuals  expressed  in  terms  oj 
the  arbitrary  scale. 

12  See  page  50  for  a  more  complete  discussion  of  this  correction. 
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computed  therefrom,  entered  at  the  bottom  of  Table  6.  It  will  be 
seen  that  the  final  standard  error  and  the  final  ahenation  index  are 
exceedingly  low,  particularly  when  it  is  remembered  that  in  setting 
up  the  measured  values  the  calculations  were  carried  out  but  to  the 
nearest  unit. 


20- 
19- 
18- 
17- 
16- 
15- 
J4- 
13- 
12- 
II- 
10- 


V)     6- 

o 
u. 


X 

r20 


18 
17 

V-  16 
15 

h  14 
13 
12 
II 
10 


I- 


UJ 

eh 
V) 
W 

^l 

I- 

6  O 
Ui 

Ll 


3- -3 


2-- 


UJ 
!jl6 

z 

UJI5 

I 
h 

OI4- 
UJ 

o 

Zl3 

< 


-le- 

UJ 
UJ  II- 

O   9- 

8- 

7- 


Y 


J 
-9< 

O 


UJ 

^„ 

■70:  p' 

•5D  r5 
<  o 

-4        IU4 


2- 


■20 
■19 

18 

17 

16 

15 

14 

II  UJ 
,'n< 

7  UJ 

■6  r 

■5^ 
UJ 

•*s 


Figure  17.— Final  alinement  chart  used  for  computing  the  seventh  and  eighth  estimates,  showing 
an  auxiliary  scale  used  for  measuring  the  seventh  residuals  in  terms  of  /o  (Z)  for  use  in  the  final 
correction 


The  sums  of  columns  4  to  11,  inclusive,  constitute  a  valuable  check 
on  the  accuracy  of  the  work  as  it  progresses.  Each  sum  should 
equal  the  sum  of  column  3.  Minor  differences,  such  as  appear  in 
the  present  example,  may  be  attributed  to  slight  inaccuracies  in 
curve  fitting  or  the  like,  but  any  discrepancies  too  great  to  be  ex- 
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plained  in  such  ways  indicate  some  serious  error  either  in  computa- 
tions or  in  graphic  work.  It  should  also  be  noted  that  the  difference 
between  each  sum  and  that  of  column  3  should  equal  the  algebraic 
sum  of  the  corresponding  column  of  residuals.  It  is,  therefore,  worth 
while  to  add,  algebraically,  columns  12,  13,  14,  15,  and  16,  etc.,  to 
permit  this  additional  check. 

It  remains  to  be  seen  whether  the  curvilinear  functional  relation- 
ships which  have  been  empirically  determined  are  those  of  the  assumed 
equation  used  in  setting  up  the  problem.  Figure  18  shows  in  iso- 
metric projection  both  the  surface  of  the  original  equation  and  that 


X 


^ 

X     ^ 

? 

^ 

/ 

^ 

x,^ 

>c 

X      /^^  \ 

^^^ 

y^^^ 

X    /^        \ 

^^^ 

X          > 

V^         \ 

x 

< 

y^              \ 

\ 

XX 

<Vi 

N, 

C                          ^V                              y^ 

\               \^ 

^\^              ^v     y^ 

\       y^ 

^v               ^\y'^^ 

\  ^ 

^V        y^^   \\. 

r 

\  V 

\ 

^ 

f 

} 

o 

*v^ 

.6 

> 

Ky 

^K 

c^ 

Z 
'4 

^^        ><5 

Y 

^ 

C\ 

.2 

/O-^    X 

^< 

x^ 

^ 

y 

>< 

Figure  18. — The  close  agreement  between  the  equation  from  which  data  were  computed  and 
the  estimates  from  the  final  chart  is  shown  by  the  surfaces  representing  them.  Solid  lines 
represent  the  equation 


of  the  final  alinement  chart.     The  correspondence  is  as  nearly  perfect 
as  could  be  expected  with  the  limited  data  used. 

Certain  minor  modifications  of  the  general  plan  herein  outlined 
suggest  themselves.  For  example,  it  might  in  some  instances  be 
preferable  to  reverse  the  order  of  applying  the  two  different  graphic 
processes.  This  would  be  particularly  useful  in  cases  where  the 
dependent  variable  has  a  curvilinear  functional  form  as,  for  example, 
where  the  basic  equation  is  such  as — 

Y 
Here  a  correct  result  would  obviously  be  approached  far  more  rapidly 
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were  the  functional  relations  of  Z  tested  first.  Unfortunately  it  will 
probably  be  but  rarely  that  sufficient  advance  knowledge  is  at  hand 
to  permit  an  assured  determination  of  which  order  will  be  best. 

It  should  be  noted  that  equations  involving  a  multiplication  of 
functions  such  as — 

can  be  handled  by  the  use  of  logarithms  through  conversion  into — 

log  Z= log y,(X)  + log /2(F) 
In  a  similar  manner — 

Z=/i    (X)/2^^) 

can  be  converted  first  into — 

log  z=u  (D  log/i  {X) 

and  then  into — 

log  log  Z  =  log/2  (F)  +  log  log/i  {X), 

With  other  methods,  lack  of  advance  knowledge  as  to  the  form  of 
the  equation  involved  usually  prevents  taking  full  advantage  of 
this  fact.  It  is  always  possible,  of  course,  to  try  the  effect  on  the 
alienation  index  of  the  logarithmic  treatment,  but  the  amount  of 
labor  involved  is  excessive.  It  will  be  noted,  however,  that  in  the 
converted  forms  the  preceding  equations  are  of  the  type  assumed 
by  the  present  technic.  Since  this  technic  permits  a  functional 
form  of  Z  as  well  as  of  X  and  F,  the  preliminary  conversion  into 
logarithms  or  log  logarithms  is  not  necessary.  It  therefore  follows 
that  such  equations  can  be  handled  without  special  treatment,  and 
without  preliminary  knowledge  that  they  are  being  encountered. 

It  should  be  emphasized,  however,  that  wherever  a  preliminary 
analysis  of  a  problem  indicates  that  the  logarithmic  conversion  is 
suitable,  there  will  be  a  material  economy  of  time  and  labor  if  it  be 
performed.  If  not,  the  technic  which  has  been  described  will  ulti- 
mately arrive  at  the  same  result,  but  more  slowly.  The  fact  that  all 
the  functions  are  logarithmic  has  a  tendency  to  make  convergence 
towards  the  true  curves  abnormally  gradual.  Cases  of  this  type 
have  been  encountered  where  17  approximations  have  been  necessary. 

Problems  involving  more  than  three  variables,  although  somewhat 
more  tedious,  present  no  new  complexities.  Alinement  charts  may 
readily  be  constructed  for  four  or  more  variables,  and  the  successive 
steps  are  the  same  as  those  already  described. 

In  later  pages  several  illustrative  cases  will  be  presented  in  which 
forestry  problems  will  be  worked  out.  In  connection  with  each  of 
these  one  or  more  variations  in  technic  will  be  described  which  have 
not  previously  been  mentioned.  Before  taking  up  these  actual 
examples,  however,  it  will  be  necessary  to  digress  and  explain  more 
completely  how  the  alinement  charts  needed  may  be  prepared. 
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CONSTRUCTION  OF  THE  ALINEMENT  CHARTS  NEEDED 

This  discussion  will  be  restricted  to  the  design  of  that  type  of  aline- 
ment  chart  needed  to  express  multiple  regression  equations.  It  is 
unnecessary  to  explain  the  underlying  principle  ^^  or  to  discuss  other 
types,  but  it  is  desirable  to  present  two  methods  applicable  to  mul- 
tiple correlation  problems. 

The  chart  is  best  made  on  ordinary  cross-section  paper,  for  this 
gives  an  easy  basis  for  the  drawing  of  as  many  parallel  axes  as  may 
be  needed,  in  any  desired  position  and  already  graduated  at  uniform 
intervals. 

The  simplest  type  of  multiple  regression  equation  is 

Z=AX+BY+C 

In  this  case  the  two  edges  of  the  graph  may  be  adopted  as  the  initial 
or  X  and  Y  axes.  It  is  usually  convenient  to  disregard  temporarily 
the  values  A  and  B,  and  arbitrarily  to  use  any  convenient  scale  for 
graduating  these  two  axes.  The  only  precaution  necessary  is  that  a 
sufficient  range  of  values  be  entered  on  each,  and  that  they  shall  not 
be  too  crowded  together.  It  is  wise  also  to  leave  some  space  at  both 
the  upper  and  lower  end  to  take  care  of  possible  shiftings  and  expan- 
sions which  may  become  necessary  in  subsequent  stages  of  the  work. 
From  the  form  of  the  equation  it  is  known  that  the  Z  or  Sum  axis 
will  be  a  straight  line  located  somewhere  between  the  other  axes  and 
parallel  to  them,  and  that  its  graduations  will  be  uniform.  A  con- 
venient method  of  determining,  by  intersection,  its  position  and  the 
size  of  the  graduating  interval,  is  illustrated  by  the  following  example. 
Let  us  assume  that  the  equation  in  question  is 

Z=0.5X+0.7F+4 

and  that  we  have  graduated  the  outer  axes  as  illustrated  in  Figure 
19.  The  next  step  is  to  find  two  pairs  of  values  for  X  and  Y  yielding 
identical  values  of  Z;  for  example,  if  Z  equals  10,  this  equation 
becomes — 

10  =  0.5X+0.7r+4 


or, 
Now  if 


and  if 


0.5X+0.7r=6 
X=0,  then— 
r=A=8.57 

Z=10— 

X       Q^       1A3. 

Two  straight  lines,  one  connecting  the  point  X=0  with  the  point 
F=8.57  and  the  other  connecting  the  point  X=10  with  the  point 
F=1.43,  must  both  cut  the  Z  axis  at  the  10  graduation.  They  are 
drawn  as  indicated  by  the  broken  lines  AB  and  CD  in  Figure  19. 
Their  point  of  intersection  must  fall  on  the  Z  axis,  which  may,  there- 
fore, be  drawn  through  this  point  parallel  to  the  other  axes. 

"  For  a  more  complete  discussion,  see  Lipka  m,  ch.  S  to  5)  or  Peddle  (S6). 
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In  a  similar  way,  it  may  be  assumed  that  Z=5.     The  equation 
now  becomes — 

5  =  0.5Z+0.7F+4, 


or, 
Now,  if 


0.5X+0.7r=l 
X=0,  then — 


and  if 


^=077=1-^3 


X=5- 
^     0.7 


2.14 


The  corresponding  lines  are  drawn;  these  are  AD  and  EF.  The  fact 
that  their  intersection  lies  on  the  axis  attests  the  correctness  of  its 
position.     Furthermore,  the  distance  between  the  two  intersection 
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Figure  10.— This  illustrates  the  construction,  by  intersections,  of  an  alinement  chart  based  od  the 
formula  Z-0.6Z+0.7F+4 
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points  must  obviously  represent  10  —  5,  or  5  units  on  the  new  scale. 
One-fifth  of  this  distance  may  then  be  determined  and  used  to  locate 
the  remaining  graduations. 

Where  the  coefficient  of  X  is  much  larger  than  the  coefficient  of 
F,  the  Z  axis  will  fall  very  close  to  the  X  axis.  If  this  is  the  case  it 
is  somewhat  more  desirable  to  use  a  smaller  scale  in  graduating  the 
Y  axis  than  is  used  for  the  X  axis,  as  this  will  shift  the  Z  axis  toward 
a  more  central  and  hence  a  more  convenient  location. 

A  slightly  different  situation  presents  itself  where  one  of  the  regres- 
sion coefficients  is  negative;  as,  for  example,  in  an  equation  such  as — 

Z=0.5X-0.7F+4. 

This  can  be  handled  by  the  simple  expedient  of  graduating  Y  in  the 
opposite  direction  from  X,  i.  e.,  from  top  to  bottom,  and  if  this  is 
done,  the  intermediate  or  Sum  axis  falls  in  the  same  position  (and 
has  the  same  graduating  unit)  as  it  would  were  both  coefficients 
positive.  There  is  some  danger  of  erroneous  readings  where  this  is 
done,  however,  and  a  preferable  plan  is  to  so  transpose  the  terms  of 
the  equation  as  to  eliminate  the  minus  sign  of  the  variable  Y.  For 
example,  the  equation  can  be  written — 

0.5X=Z+0.7r-4. 

The  construction  now  proceeds  as  before,  except  that  the  X  axis 
instead  of  the  Z  will  now  be  in  the  central  position. 

Where  both  coefficients  are  negative  as,  for  example,  in  the  equa- 
tion— 

Z=-0.5Z-0.7r+4 

such  a  transformation  is  impracticable,   and  both  X  and   Y  axes 
must  be  graduated  in  a  direction  opposite  to  that  used  for  the  Z  axis. 
The  alinement  chart  for  four  or  more  variables  appears  more  com- 
plicated, but  no  new  principle  is  involved.     Take,  for  an  example — 

T7=  0.5X+  0.7r+  0.6Z+  2. 

The  method  is  to  split  this  equation  into  two  parts  by  assuming — 

^=0.5X+0.7F __.._(A) 

whence — 

TF=iS'+0.6Z+2 (B) 

An  alinement  chart  for  (A)  is  prepared  as  before.  In  Figure  20  this 
is  represented  by  the  axes  X,  F,  and  S.  Using  this  S  axis  as  a  starting 
point,  a  second  chart  is  now  prepared  and  superposed  on  the  first, 
the  Z  axis  being  arbitrarily  located,  and  the  position  and  graduating 
interval  of  the  W  axis  being  determined  by  intersections  based  on 
equation  (B). 

In  using  this  chart  a  straightedge  is  first  laid  across  the  values  for 
X  and  F  to  determine  the  value  of  S.  It  is  then  shifted  to  connect 
this  value  of  S  with  that  given  for  Z,  and  the  required  answer  is  then 
read  from  the  W  axis.  The  process  is  illustrated  by  the  dotted  lines 
of  Figure  20  by  means  of  which  the  W  value  8.3  is  obtained  when 
X=2,  F=5,  andZ=3. 


40       TECHNICAL  BULLETIN    210,  U.  S.  DEPT.  OF  AGRICULTURE 

The  sequence  in  which  the  axes  are  used  can  not  be  changed.  The 
proper  sequence  is,  therefore,  usually  expressed  by  a  key  which  gives 
the  specific  order  in  which  to  perform  the  various  shifts  of  the  straight- 
edge.    For  this  chart  the  key  would  be: 


From  (a  point  on)  X  (go)  to  (a  point  on) 
on  S]  (go)  to  (a  point  on)  Z,  read  W. 


Yf  hold  (the  intersection) 


The  parenthetical  expressions  are  usually  omitted,  and  the  above 
key  would  be  expressed : 

From  X  to  Y,  hold  S;  to  Z,  read  W, 
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Figure  20.— This  alinement  chart  expresses  the  4-variable  equation  Tr=0.5X+0.7Y'+0.6Z+2.  The 
graduations  on  the  S  axis,  while  useful  in  constructing  the  chart,  may  later  be  erased,  as  no  read- 
ings are  made  on  this  axis 

In  reading  these  charts  it  is  convenient  to  mount  them  on  a  drawing 
board  and  then  use  needles  (with  sealing  wax  heads  to  facilitate 
handling)  to  hold  the  points  read.  If  this  be  done,  the  graduations 
may  be  erased  from  the  iS  axis,  for  the  S  values  need  not  be  actually 
read,  their  positions  on  this  axis  being  held  with  a  needle  while  the 
straightedge  is  shifted. 

In  an  analogous  manner  charts  for  five  or  more  variables  may  be 
prepared.  Each  additional  variable  requires  two  more  axes  and  one 
more  shift  of  the  straightedge.  While  the  labor  in  using  these 
multivariable  charts  is  great  as  compared  with  the  S-yariable  ones, 
it  is  small  when  compared  with  that  involved  in  computing  by  means 
of  the  equation. 
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In  charts  for  equations  with  several  variables,  however,  this'graphic 
method  of  locating  the  positions  and  graduations  of  the  axes  by  inter- 
sections is  not  entirely  satisfactory.  Graphic  inaccuracies  may 
accumulate  in  the'  successive  stages  until  the  final  axis  is  materially 
in  error.  It  is  preferable  in  such  cases  to  determine  the  positions  and 
scale  units  by  computations  rather  than  by  graphics. 

The  term  ''modulus"  has  been  adopted  for  the  constant  which  iF 
used  in  graduating  any  axis.     It  may  be  defined  by  the  equation 

u-m )- — (X 

where  L  is  the  modulus  of  any  variable,  U  is  the  distance  of  any 
graduation  from  the  zero  point  on  the  corresponding  axis,  and/(  )  is 
the  function  of  the  variable. 

To  illustrate,  in  the  case  just  solved  graphically  (p.  37)  where 
the  equation  might  be  written — 

(Z-4)  =  0.5X+0.7r 

the  modulus  of  the  X  axis  is  given  by  the  equation — 

t7x  =  Xx(0.5Z) 

In  Figure  19  it  will  be  seen  by  inspection  that  where  X=  1,  C7x  =  one 
division  of  the  graph  paper  above  X=  0.     Therefore — 

l=ix(0.5) 
and 

The  equation  of  the  modulus  of  the  Y  axis  is — 

Uy  =  Ly{0.7Y) 

Since,  by  inspection  of  Figure  19,  where  Y=  l,f  C7y  =  one  division  of  the 
graph  paper  above  F=  0.     Therefore — 


and 

l=Xr(0.7) 
Xy=^=  1.429 

From  this  the" two' 

"graduating  equations  may 

_be  written, 

or 

and 

or 

C7x  =  2(0.5X) 

Ux-X 

Z7r=1.429(0.7F) 

Uy=^Y 

This  nrierely  illustrates  the  use  of  the  moduli,  and  serves  no  useful 
purpose  in  so  simple  a  case,  in  which  the  scale  was  arbitrarily  made  to 
coincide  with  the  ruling  of  the  coordinate  paper. 

8553—31 6 
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However,  if  Lz  be  the  modulus  of  the  Z  axis,  it  may  be  determined 
by  the  formula — 

^-^. (XI) 

In  the  present  instance — 

_2X  1.429     2.858 
^^  ~  2  +  1 .429  ~  3  .'429  ~  ^'^^"^ 

and  the  graduating  equation  for  the  Z  axis  is — 

Vz  =  Lz1{Z) 
=  0.833  (Z- 4) 

It  will  be  found  that  the  Z  axis  of  Figure  19  can  readily  be  gradu- 
ated by  means  of  this  equation  if  the  0  point  of  TJz  thereon  be  so 
chosen  as  to  fall  on  the  straight  line  connecting  the  0  points  of  the 
two  other  scales. 

The  position  of  the  sum  axis  is,  moreover,  defined  by  the  equation — 


XZLx 
ZY    Ly 


(XII) 


where  XZ  and  ZY  are  the  distances  from  X  to  Z  and  Z  to  F,  respec- 
tively. The  distances  are  from  the  left-hand  initial  axis  to  the  sum 
axis  and  from  the  latter  to  the  other  initial  axis;  distances  from  left 
to  right  are  considered  positive.     In  the  present  instance — 

XZ^     2 
ZY    1.429 

Furthermore,  the  X  and  Y  axes  have  been  arbitrarily  placed  12  units 
apart  so  that — 

XY=-XZ+ZI  =  12 

whence 


j^z=i2-zr 

We 

may, 

therefore, 

write- 

12-Zr        2 
ZY        1.429 

whe 
and 

nee 

ZF=  5.00 
ZZ=  12-5.00  =  7.00 

These  two  distances  will  be  seen  to  agree  with  those  obtained 
graphically  in  Figure  19. 

It  will  be  seen  that  when  any  convenient  assumptions  are  made  as 
to  positions  and  moduli  of  any  two  of  the  axes,  the  position  and 
modulus  of  the  third  may  be  rigorously  calculated  by  means  of 
Equations  X  and  XI.  In  eciuations  involving  several  variables, 
where  this  algebraic  method  is  always  preferable  to  the  graphic, 
any  desired  assumptions  may  be  made  concerning  the  first  two  axes, 


CORRELATION   ALINEMENT   CHARTS   IN   FOREST   RESEARCH      43 

such  as  X  and  Y  in  Figure  20.  The  position  and  modulus  of  the 
cumulating  or  Sum  axis,  S,  is  then  calculated  by  the  formulae.  A  new 
assumption  may  be  made  then  as  to  both  the  position  and  scale  of 
either  the  W  or  Z  axis,  and  similar  information  calculated  by  means 
of  the  same  formulae  for  the  other.  In  this  method  the  actual  gradu- 
ations need  never  be  entered  on  the  S  axis. 

The  positions  of  the  scales  on  the  axes  can  be  shifted  up  or  down 
as  desired,  whether  the  graduations  are  regular  or  not.  The  only 
point  to  keep  in  mind  is  that  any  set  of  values  must  give  the  same 
answer  after  shifting  as  they  gave  before.  This  property  of  straight 
axis  charts  is  of  value  sometimes  where  a  scale  is  greatly  expanded 
at  one  end  and  would  go  off  the  paper  if  the  entire  scale  was  not  shifted. 
Any  two  scales  may  be  placed  arbitrarily  in  convenient  positions,  and 
the  requisite  shift  of  the  remaining  scales,  necessary  to  compensate 
for  it,  can  then  be  determined  by  intersections. 

PRELIMINARY  ANALYSIS  OF  THE  PROBLEM 

Now  that  the  use  of  alinement  charts  in  correlation  problems  has 
been  explained,  a  series  of  examples  will  be  presented  to  illustrate 
how  the  method  works  when  applied  to  actual  forestry  problems. 
If  such  problems  are  to  be  solved  with  the  least  effort  and  the  greatest 
accuracy  a  thorough  preliminary  analysis  is  essential  before  the 
actual  correlation  calculations  are  undertaken.  The  chief  objective 
must  be  decided  on,  and  all  factors  entering  into  the  problem  should 
be  considered  so  that  those  of  minor  importance  may  be  determined 
and  rejected  when  such  rejection  becomes  desirable. 

The  primary  purpose  of  any  problem  to  which  this  correlation 
method  is  applied  will  be  (1)  to  define  the  quantitative  and  quali- 
tative relations  between  a  given  factor  and  the  factors  affecting  it; 
(2)  to  produce  a  mechanism  for  estimating  values  of  one  variable  from 
measurements  of  variables  associated  with  it;  or  (3)  to  accomplish 
both  of  these  results. 

In  the  first  class  of  problems,  where  the  chief  objective  is  to  define 
and  measure  the  relation  between  a  given  effect  and  its  causative 
factors,  it  is  necessary  to  consider  all  causative  factors,  separately  or 
in  groups.  For  example,  the  height  growth  of  a  stand  of  trees  is  the 
direct  result  of  duration  of  growth,  soil  and  climatic  conditions, 
inherent  characteristics  of  the  trees,  condition  and  vitality  of  the 
individuals  and  of  the  stand  as  a  whole,  and  of  various  abnormal 
influences  such  as  fire  and  attacks  of  insects  and  fungi.  Here  the 
climatic  conditions  may  be  treated  separately,  precipitation,  evapor- 
ation, insolation,  temperature,  etc.,  each  considered  by  itself,  or  the 
soil  and  climatic  conditions  may  be  treated  en  masse  as  site  quality. 

In  some  sciences  the  effect  of  any  one  of  the  variables  can  be 
investigated  by  keeping  all  others  constant.  In  such  cases,  of  course, 
the  results  apply  only  to  the  particular  set  of  conditions  under  which 
the  investigation  was  made.  Variation  in  the  dependent  variable 
may  be  due  to  the  joint  effect  of  two  or  more  causative  factors,  and 
a  repetition  of  the  investigation  must  be  made  for  other  combinations 
of  the  values  of  those  causative  factors. 

In  the  great  majority  of  forestry  problems  it  is  impossible  to  keep 
constant  or  to  control  any  factor  or  set  of  factors,  and  in  most  cases 
there  are  some  which  can  not  be  isolated  and  measured  directly. 
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Their  combined  effect  must  be  measured  and  treated  as  a  single 
factor.  Certain  abnormal  factors,  such  as  damage  from  fire,  insects, 
and  fungi,  can  be  eliminated  by  a  proper  choice  of  samples. 

In  the  second  class  of  problems,  where  the  chief  object  is  a  mech- 
anism for  prediction,  controlled  experiments  are  usually  impossible, 
and  a  limited  number  of  variables  must  be  used.  In  the  case  just 
given  (height  growth)  a  sufficiently  accurate  estimate  could  probably 
be  made  from  an  evaluation  of  two  of  its  causes,  age  and  site  quality. 
The  inclusion  of  more  variables  might  result  in  too  small  an  increase 
in  accuracy  to  warrant  the  greater  complexity  of  the  predicting 
mechanism  or  the  greater  expenditure  of  labor  necessary  for  its  con- 
struction. 

The  predicting  mechanism  just  cited  is  based  on  measurements  of 
the  causative  factors.  In  other  instances  an  estimate  of  the  result 
of  certain  causes  may  be  made  from  measurements  either  of  the 
immediate  causes  or  of  other  factors  less  directly  related  to  that 
result,  as  in  the  use  of  diameter  and  height  to  estimate  defect  in 
trees.  In  this  case  the  defect,  while  not  caijsed  by  either  height  or 
diameter  growth,  may  be  due  in  part  to  factors  influencing  both. 
In  still  other  cases  the  variable  estimated  may  be  in  part  a  mathe- 
matically exact  function  of  the  variables  used  in  its  prediction,  as  in 
the  estimation  of  tree  volume  from  measurements  of  diameter  and 
height. 

In  either  class  of  problem  the  dependent  variable  must  be  decided 
upon  in  advance  so  that  the  alinement  charts  can  be  properly  con- 
structed. The  variables  in  such  charts  can  not  legitimately  be  re- 
versed any  more  than  in  other  graphic  processes.  The  errors  resulting 
from  such  a  reversal  are  particularly  serious  when  the  alienation 
index  is  high. 

COLLECTION  OF  DATA 

Once  the  objectives  of  the  project  have  been  decided  on  and  the 
factors  entering  into  it  have  been  enumerated,  the  necessary  data 
should  be  collected  in  proper  form  for  the  method  of  treatment 
decided  upon.^^ 

Since  the  correlation  method  is  founded  on  mathematical  principles 
it  is  necessary  to  evaluate  all  factors  involved  in  quantitative  units, 
rather  than  in  qualitative  terms.  Of  the  three  major  variables 
involved  in  most  forestry  problems  (1)  duration,  or  time,  (2)  heredity, 
and  (3)  the  composite  site  quality,  the  first  is  easily  evaluated  in  the 
customary  units  of  time,  while  heredity  can  hardly  be  measured  and, 
therefore,  must  usually  be  eliminated  from  direct  consideration.  The 
composite  site  quality  must  be  evaluated  in  commensurable  units  ^* 
rather  than  by  the  customary  relative  classification  as  good,  medium, 
or  poor.  Of  the  many  subfactors  entering  into  site  some  can  be 
evaluated  directly,  while  others  must  be  measured  through  their 
effects  as  evidenced  by  size,  form,  strength,  etc.  The  climatic  factors 
entering  into  site  are  measurable,  but  complete  and  reliable  records 
are  costly  to  obtain  and  seldom  available,  so  that  measurements  of 
climate  must  usually  be  obtained  through  measurements  of  its  effects. 
Soil  quality  and  competition  can  seldom  be  measured  numerically, 

»♦  In  this  connection  it  will  be  well  worth  while  to  read  Day  (8,  ch.  t  andS).  Although  the  viewpoint  to 
that  of  business  statistics,  the  text  in  general  Is  valuable. 

»  Quality  of  site  can  be  expressed  in  terms  of  site  index.  Site  index  is  the  height  attained,  at  a  given  age, 
by  the  average  dominant  tree  growing  on  the  area. 
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and  they,  too,  must  be  measured  through  their  effects.  Site,  there- 
fore, must  usually  be  evaluated  as  a  composite  factor,  in  terms  of  a 
site  index. 

In  the  indirect  measurement  of  causes,  as  in  their  direct  measure- 
ment, quantitative  units  must  be  employed  instead  of  qualitative 
terms.  In  the  direct  measurement  of  insolation  the  units,  gram- 
calories,  should  be  used;  so,  also,  in  measuring  it  indirectly  through 
aspect  the  measurement  of  aspect  must  be  in  degrees  of  azimuth 
rather  than  in  the  descriptive  terms  of  the  points  of  the  compass, 
«uch  as  NE,  SE,  etc. 

In  certain  problems  consideration  must  sometimes  be  given  to 
incommensurable  factors  such  as  locality.  This  can  best  be  done 
by  first  treating  all  localities  together  and,  as  a  subsequent  step, 
analyzing  the  deviations  from  the  composite  of  the  material  obtained 
in  each  locality. 

In  other  problems  certain  established  facts  can  be  legitimately 
employed  in  their  solution  without  incorporation  into  the  specific 
data;  for  instance,  it  is  known  that  the  board  foot-cubic  foot  ratio 
increases  with  diameter,  and  such  knowledge  justifies  the  construc- 
tion of  a  continuously  rising  curve  for  this  relationship  where  the 
data  may,  especially  in  the  earlier  approximations,  indicate  a  dropping 
off.  Such  modifications  will  often  reduce  the  work  necessary  to 
arrive  at  the  final  stages  of  the  problem. 

EXAMPLE  OF  AN  ANALYSIS  OF  CAUSES  AND  EFFECT 

The  first  illustrative  example  w411  be  the  problem  of  decomposing 
dextrose  by  sulphuric  acid  at  high  temperature.^®  This  will  show  the 
type  of  analysis  required  for  problems  where  the  relationship  of 
variables  is  in  question.  It  will  also  illustrate  the  use  of  scale  moduli 
in  preparing  the  alinement  chart,  the  influence  of  known  facts  on  the 
shaping  of  the  curves,  and  the  interpretation  of  the  results.  The 
modification  of  the  chart  graduations  will  be  accomplished,  moreover, 
by  a  method  which  differs  in  two  respects  from  that  previously  de- 
scribed, and  which  in  some  cases  is  more  rapid. 

OBJECTIVE,  ANALYSIS,  AND  SOLUTION  OF  THE  PROBLEM 

The  object  will  be  to  define  th«  quantitative  and  qualitative  rela- 
tionships between  the  amount  of  dextrose  decomposed  by  sulphuric 
acid  at  high  temperatures  and  the  factors  causing  the  decomposition. 

The  various  factors  which  influence  the  decomposition  are:  (1)  The 
quantity  of  chemicals  used;  (2)  their  purity,  uniformity,  and  stability; 
(3)  the  temperature  maintained  during  the  reaction;  (4)  the  dm-ation 
of  the  reaction;  and  (5)  the  uniformity  of  the  reaction. 

The  necessary  data  can  be  obtained  from  laboratory  tests.  The 
quantities  of  the  chemicals  used  in  such  tests  can  be  easily  determined 
and  expressed  in  weight,  volume  or  any  chemical  equivalent.  Purity 
can  be  considered  as  a  separate  item  expressed  in  percentages,  or  the 
quantity  of  the  impurity  may  be  measured.  Uniformity  and  sta- 
bility are  harder  to  evaluate,  but  nonimiformity  can  be  virtually  elimi- 
nated by  proper  choice  of  materials,  and  the  factor  of  stability  can  be 
ignored  if  all  tests  are  conducted  within  a  reasonably  short  period  of 

'»  This  problem,  while  not  a  purely  forestry  problem,  has  been  selected  for  illustrative  purposes  because 
it  does  not  have  the  extreme  complexity  of  most  forestry  problems.  The  problem  and  data  were  taken 
from  Kressmann  (23,  p.  SO). 
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time.  The  uniformity  of  the  reaction  can  be  determined  by  repeated 
tests  under  uniform  conditions  and  expressed  in  terms  of  a  standard 
error  of  reaction. 

This  investigation  will  be  confined  to  the  study  of  the  effect  of 
sulphuric  acid  at  high  temperatures  upon  a  given  quantity  of  dextrose 
exposed  to  its  effects  for  a  constant  period  of  time.  The  quantity  of 
dextrose  and  the  duration  of  the  reaction  will  thereby  be  eliminated 
as  variable  factors.  Purity,  uniformity,  and  stability  of  the  chemicals 
will  be  eliminated  as  variables  by  using  suitable  materials  and  limiting 
the  tests  to  a  reasonably  short  period.  The  reaction  is  expected  to  be 
quite  uniform  and  its  variations,  if  any,  are  expected  to  be  com- 
pensating.    Of  the  factors  which  affect  the  decomposition  of  dextrose 
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Figure  21.— The  data  of  Table  8  on  the  decomposition  of  dextrose  plotted  in  conventional 
form.    It  is  apparent  that  the  fitting  of  harmonized  curves  would  be  quite  difficult 

there  remain  two  variables  to  be  considered— temperature  and 
quantity  of  sulphuric  acid. 

In  addition  to  the  factors  discussed  above,  the  results  of  the  investi- 
gation will  be  influenced  by  experimental  errors  (inaccuracies  in 
chemical  analysis  and  instrumental  and  observational  errors)  and  by 
personal  errors  in  handling  the  data.  These  can  not  be  evaluated 
and  are  therefore  not  susceptible  to  direct  consideration. 

Direct  consideration  can  be  given,  however,  to  certain  facts  known 
about  the  problem:  The  amount  of  dextrose  decomposed  can  vary 
from  0  to  100  per  cent;  the  quantity  of  sulphuric  acid  can  vary  from 
0  to  slightly  less  than  100  per  cent;  with  an  acid  concentration  of 
0  per  cent  no  dextrose  will  be  decomposed.  All  known  aspects  of 
the  problem  have  now  been  enumerated  and  further  information 
must  be  gleaned  from  the  results  of  the  laboratory  tests. 


CORRELATION   ALINEMENT   CHARTS   IN   FOREST   RESEARCH      47 


In  these  tests  solutions  of  1  gram  of  dextrose  in  25  cubic  centi- 
meters of  sulphuric  acid  of  various  concentrations  were  held  at 
various  temperatures  for  one-half  hour.  The  acid  concentration  is 
measured  in  percentages  and  the  temperature  in  degrees  centigrade. 
The  amount  of  dextrose  remaining  after  treatment  was  measured  as 
a  percentage  of  the  original  quantity.  The  data  for  32  such  tests 
are  recorded  in  the  first  four  columns  of  Table  8. 

With  but  two  independent  variables  (temperature  and  acid)  a  set 
of  harmonized  curves  could  be  used  to  represent  the  data.  In  this 
case  the  preparation  of  such  a  set  of  curves  would  be  difficult,  as  is 
suggested  by  Figure  21,  even  though  the  variables  have  been  limited 
in  the  tests  to  four  temperatures  and  eight  acid  concentrations. 
Had  an  irregular  distribution  of  temperatures  and  acid  concentrations 
been  used  it  would  be  totally  impossible  to  construct  harmonized 
curves  frorii  so  few  data. 

Beneath  these  data,  assembled  in  columns  2,  3,  and  4,  of  Table  8 
(with  the  dependent  variable  dextrose  last  for  convenience),  are 
given  the  statistical  measures  and  regression  equation  required,  with- 
out showing  the  computations,  which  are  routine  in  character. 


Table  8.- 

-Data  and  computations  for  the  dextrose  problem 

(S) 
Sul- 
phuric 
acid 
.     (2) 

(T) 
Tem- 
pera- 
ture 

(3) 

(D)  Residual  dextrose 

Item  No. 

Meas- 
ured 
(4) 

Estimates 

(1) 

First 
(5) 

Second 
(6) 

Third 
(7) 

Fourth 
(8) 

Fifth 
(9) 

Sixth 
(10) 

Seventh 
(11) 

Eighth 
(12) 

1 

Per  cent 

0.1 

.1 

.1 

.1 

.5 

.5 

.5 

.5 

1.0 

1.0 

1.0 

1.0 

1.5 

1.5 

1.5 

1.5 

2.0 

2.0 

2.0 

2.0 

2.6 

2.5 

150 
160 
175 
185 
150 
160 
175 
185 
150 
160 
175 
185 
150 
160 
175 
185 
150 
160 
175 
185 
150 
160 
175 
185 
150 
160 
175 
185 
150 
160 
175 
185 

Per  cent 
100.0 
94.4 
94.2 
88.8 
96.1 
92.7 
91.6 
50.0 
94.4 
83.3 
86.6 
33.3 
88.8 
80.5 
55.5 
31.1 
87.7 
75.0 
37.2 

5.5 
86.6 
72.2 
33.3 

5.0 
83.3 
71.0 
25.0 

2.7 
80.5 
38.8 

5.5 

0.0 

Per  cent 
115.7 
98.3 
72.2 
54.7 
110.6 
93.2 
67.0 
49.6 
104.2 
86.8 
60.7 
43.2 
97.8 
80.4 
54.3 
36.8 
91.4 
74.0 
47.9 
30.5 
85.1 
67.6 
41.5 
24.1 
78.7 
61.2 
35.1 
17.7 
53  1 

Per  cent 

122.5 

109.1 

85.8 

61.9 

112.8 

99.3 

75.8 

51.7 

101.3 

88.0 

64.3 

40.2 

91.2 

77.9 

54.2 

30.2 

82.8 

69.4 

45.9 

22.0 

76.0 

62.9 

39.0 

15.2 

.  70.5 

57.2 

33.5 

9.7 

KQ  n 

Per  cent 
98.1 
94.9 

88.8 
76.4 
95.8 
92.4 
85.9 
59.0 
92.9 
89.3 
79.0 
33.9 
90.2 
86.5 
64.0 
15.2 
87.9 
82.9 
46.9 

7.5 
85.9 
77.5 
31.2 

3.9 
83.5 
69.7 
20.6 

1.8 
72.7 
47.5 

7.7 
-1.1 

Per  cent 
99.0 
94.5 
89.5 
81.0 
96.4 
91.8 
86.5 
67.0 
93.2 
88.3 
79.7 
40.5 
90.4 
84.9 
63.8 
18.4 
87.8 
78.8 
44.2 

8.2 
85.8 
69.3 
28.8 

4.  1 
83.3 
58.8 
19.2 

1.8 
74.0 
36.5 

8.0 
-.6 

Per  cent 
102.6 
96.6 
90.2 
80.0 
99.2 
93.1 
86.6 
64.8 
95.0 
88.8 
78.2 
.    40.3 
91.4 
84.7 
61.6 
20.8 
88.0 
77.2 
43.5 
10.2 
85.6 
67.2 
30.2 
5.2 
82.8 
56.7 
21.7 
2.2 
71.9 
37.1 
10.0 
-2.0 

Per  cent 
102.6 
97.0 
90.6 
79.2 
99.0 
93.2 
86.4 
62.2 
94.8 
88.8 
78.4 
36.5 
91.4 
84.8 
62.  5 
19.0 
88.3 
78.8 
45.7 
10.0 
86.2 
71.0 
34.3 

5.7 
84.0 
61.8 
25.0 

3.0 
75.3 
42.5 
12.5 
-1.4 

Per  cent 
103.0 
97.2 
90.6 
79.0 
99.3 
93.3 
86.3 
61.5 
95.0 
88.8 
78.2 
35.2 
91.5 
84.7 
61.9 
17.3 
88.3 
78.5 
44.6 
8.3 
86.1 
70.5 
33.0 
3.9 
83.9 
61.  1 
23.5 
1.2 
75.0 
41.2 
10.9 
-3.4 

Per  cent 
102  9 

2 

96  7 

3.. 

90  2 

4 

79  6 

5 

99  0 

6 

92  8 

7   . 

86  1 

8.. 

63  4 

« 

94  9 

10 

88  4 

11 

78  4 

12 

38  0 

13 

91  2 

14 

84  0 

15. 

62  0 

16 

20  0 

17- 

88  3 

18 

78  3 

19 

45  2 

20 

10  1 

21 

85  9 

22 

70  0 

23 

24. ..- 

25 

26 

27.. 

28 

29-. 

2.5 
2.5 
3.0 
3.0 
3.0 
3.0 
5.0 
5.0 
5.0 
5.0 

33.3 
5.2 
83.4 
60.8 
24.7 
2.1 
75  1 

30   - 

35!  7  1       46^1 
9  5         00  A 

4,    2 

31 

11.3 
-2.6 

32 

-7.9 

-TJ 

Total. 

62.4 

5,360 

1,  970.  6 

1,  970.  7 

1, 976.  3 

1,  968.  4 

1,952.9 

1,  961.  4 

1,  989.  1 

1,  969.  4 

1.  978.  9 

Means 

1.95 
1.47 

167.5 
13.46 

61.  58 
33.13 

JSD 

1 

SE 

13.93 
.420 

12.17 

5.91 

5.91 

5.85 

5.36 

5.  35 

5  33 

AC. 

AL 

.367 

.178 

.178 

.177 

.162 

.161 

161 

■CC 

.908 

CI. 

.930 

.984 

.984 

.987 

.987 

.987 

987 

Regression  equation:  D=  -12.7787  S  -1.7426  T  +378  3924. 
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The  alienation  coefficient  of  0.420  indicates  that  only  100  —  42,  or 
58  per  cent  of  the  variation  about  the  mean  value  of  dextrose  ha& 
been  eliminated  by  using  the  regression  equation  (or  the  plane  it 
represents)  for  estimating  the  values  of  dextrose.  Figure  22  illus- 
trates the  original  data  and  the  plane  representing  tne  regression 
equation  of — 

P  =  -  12.77875'-- 1 .7426  T-\-  378.3924 

The  chart  used  is  illustrated  in  Figure  23,  B.  This  form  of  chart, 
with  the  center  scale  reading  down  and  the  outer  scales  reading  up, 
was  adopted  since  all  variables  could  not  be  given  positive  signs  by 
transposition  in  the  regression  equation. 


®^^® 

^e^"^ 


Figure  22.— The  plane  of  the  regression  equation  shown  above,  with  the  basic  data  indicated  by 
circles.  Note  that  impossible  values  over  100  per  cent  and  less  than  0  per  cent  are  shown  by 
the  plane.    These  indicate  the  need  of  curving.    Compare  with  Figure  25 

The  scale  for  sulphuric  acid  on  the  original  chart  was  chosen  as 
0.5  per  cent  per  inch  and  that  for  temperature  as  5°  per  inch.  The 
axes  were  located  6  inches  apart.  (Fig.  23  is  a  photographic  repro- 
duction on  a  reduced  scale.)  The  axis  for  dextrose  lies  between  them, 
and  its  position  and  scale  were  located  by  intersections  as  described 
under  Construction  of  the  Alinement  Charts  Needed,  page  37,  and 
checked  by  Formulas  XI  and  XII. 

GRADUATING  CURVES 

A  new  feature  is  here  introduced,  the  graduating  curve.  Instead 
of  computing  and  measuring  the  position  of  the  dextrose  graduations 
intermediate  between  zero  and  100  per  cent  a  graduation  distance- 
graduation  value  curve  was  prepared.     For  such  a  curve  the  distance 
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of  each  graduation  from  a  fixed  point  on  the  axis  is  plotted  over  the 
value  of  the  graduation  and  a  curve  fitted.  The  distances  of  inter- 
mediate graduations  from  the  fixed  point  are  read  from  this  curve. 
When  the  interval  between  graduations  is  uniform  the  graduating 
•curve  is  a  straight  line.  Such  is  the  case  with  this  scale,  and  but  two 
points  are  necessary  to  locate  the  line,  although  a  third  point  is  de- 
sirable to  check  the  work.  Figure  23,  C,  indicates  the  preparation 
of  the  graduating  curve  and  the  graduation  of  the  D  axis.  For  the 
dextrose  axis  the  three  points  to  define  this  line  were  located  by  inter- 
sections. Similar  graduation  distance-graduation  value  curves  are 
prepared  for  each  of  the  other  axes.  (Fig.  23,  A  and  D.)  These 
graduating  curves  somewhat  simplify  the  work  at  this  point  but  are 
chiefly  useful  in  later  stages.  It  will  be  apparent  that  this  type  of 
curve  is  merely  a  graphic  presentation  of  Formula  X  (p.  41),  to 


A 


Sulphuric  acid   (percent 


I 

D 


Residual  dextrose  (per  cent) 


Temperature  (°C  j 


Figure  23. — The  alinement  chart  for  the  regression  equation  on  page  48,  with  the  graduating  curves 
for  each  axis.  B  is  the  alinement  chart,  with  construction  Hnes.  A,  C,  and  D  are  graduating 
curves  for  the  three  axes;  the  straight  lines  apply  to  the  original  chart  while  the  curves  in  A  and 
D  result  from  the  first  estimate 

which  a  constant  term  has  been  added.     This  constant  is  the  distance 
from  the  fixed  point  on  the  axis  to  the  zero  point  of  the  scale. 

Sufficient  graduations  should  be  provided  on  the  D  axis  to  permit 
a  reading  for  any  pair  of  values  for  S  and  T,  even  though  such 
readings  may  be  negative  or  over  100  per  cent. 


COMPUTATION  OF  RESIDUALS  BY  ABRIDGED  METHOD 

The  first  estimated  values  are  now  read  from  this  chart  as  usual. 
These  values  are  entered  in  column  5,  Table  8.  As  a  short  cut,  in- 
stead of  computing  individual  residuals,  the  average  residual  is 
obtained  from  the  totals  of  measured  and  corresponding  estimated 
values,  grouped  first  by  acid  concentration  and  then  by  temperature. 
The  difference  between  the  total  of  measured  values  and  the  total  of 
estimated  values  of  each  class,  divided  by  the  number  of  items,  is 
the  deviation  of  the  measured  average  from  the  estimated  average. 
As  usual,  these  deviations  are  considered  positive  if  the  measured 
exceeds  the  estimated,  and  negative  if  the  measured  is  less  than  the 
estimated.     Column  5  of  Table  9  shows  these  values. 
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Table  9. — Group-average  deviations,  residual  dextrose 

GROUPED  BY  SULPHURIC  ACID 


Items 
<1) 

Class 
aver- 
age! 

(2) 

Aggre- 
gate 
meas- 
ured 

(3) 

First  estimate  D 

Third  estimate 

Fifth  estimate 

Seventh  esti- 
mate 

Aggre- 
gate 

(4) 

Aver- 
age 

resid- 
uaP 

(5) 

Aver- 

resid- 
ual 
times 
correc- 
tion 
dis- 
tance^ 

(6) 

Aggre- 
gate 

(7) 

Aver- 
age 

resid- 
ual 

(8) 

Aggre- 
gate 

(9) 

Aver- 

rSd- 
ual 

(10) 

Aggre- 
gate 

(11) 

Aver- 

rSd- 
ual 

(12) 

Number 

Per  cent 
0.1 
.5 
1.0 
1.5 
2.0 
2.5 
3.0 
5.0 

Per  cent 
377.4 
330.4 
297.6 
255.9 
205.4 
197.1 
182.0 
124.8 

Per  cent 
340.9 
320.4 
294.9 
269.3 
243.8 
218.  3 
192.7 
90.4 

Per  cent 
+9.12 
+2.50 
+.68 
-3.35 
-9.60 
-5.  30 
-2.68 
+8.  60 

Inches 

-1.46 

-.40 

-.11 

+.54 
+1.54 
+.85 
+.43 
-1.38 

Per  cent 
3.58.2 
333.  1 
295.1 
255.  9 
225.  2 
198.5 
175.6 
126.8 

Per  cent 

+4.80 

-.68 

+.62 

.CO 

-4.95 

-.35 

+1.  60 

-.60 

Per  cent 
369.4 
343.7 
302.3 
258.6 
218.9 
188.2 
163.  4 
117.0 

Per  cent 
+2.00 
-3.32 
-1.18 
-.65 
-3.38 
+2.22 
+4.65 
+1.95 

Per  cent 
369.8 
340.4 
297.2 
255.4 
219.7 
193.5 
169.7 
123.7 

Per  cent 
+1.90 
-2.50 

+.10 

+.12 
-3.58 

+.90 
+3.08 

+.28 

32 

1, 970.  6 

1, 970.  7 

1,968.4 

1,961.4 

1,969.4 

GROUPED  BY  TEMPERATURE 


8 
8 
8 
8 

150 
160 
175 
185 

717.4 
607.9 
428.9 
216.4 

736.6 
597.2 
388.2 
248.7 

-2.40 
+1.34 
+5.09 
-4.04 

+0.26 
-.15 
-.56 
+.44 

707.0 
640.7 
424.1 
196.6 

+1.30 

-4.10 

+.60 

+2.48 

716.5 
601.4 
422.0 
221.5 

+0.11 
+.81 
+.86 
-.64 

722.1 
615.3 
429.0 
203.0 

-0.  69 
-.92 
-.01 

+1.68 

32 

1, 970.  6 

1,970.7 

1,968.4 

1,961.4 

1,969.4 

1  S  in  top  section  of  table;  T  in  lower  section. 

i  The  deviation  of  the  measured  aggregate  from  the  estimate  aggregate,  divided  by  the  number  of  items. 

3  Correction  distances:  For  S  scale,  0.16  inch  per  1  per  cent;  for  Tscale,  0.11  inch  per  1  per  cent. 

USE  OF  CORRECTION  DISTANCES  IN  ALTERING  THE  GRADUATING  CURVE 

The  next  step  is  the  relocation  of  the  graduations  on  the  S  and  T 
axes  so  that  the  dextrose  readings  will  be  greater  or  less  than  formerly 
by  an  amount  equal  to  the  departure  of  the  measured  average  of  each 
class  from  the  estimated  average.  Correction  distances  are  first 
determined  for  the  S  and  T  axes.  In  each  case  this  is  the  distance  ^^ 
which  any  graduation  must  be  moved  along  the  axis  to  produce  a 
positive  change  of  one  unit  in  the  reading  of  the  D  axis.  These  cor- 
rection distances  may  be  determined  graphically  or  may  be  com- 
puted.    The  general  formulas  for  such  correction  distances  are — 


cor.   A  =  yy  Lz- 


(XIII-A) 


XY 


cor.  r=3^^  Lz - - (XIII-B) 


"  This  may  conveniently  be  in  terms  of  graph  paper  divisions. 
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where  cor.  X,  cor.  Y  denote  the  correction  distances  for  X  and  F,  and 
XY,  XZ,  ZY  are  the  distances  between  the  axes  and  Lz  is  the  modulus 
of  the  Z  axis.    For  this  problem  these  formulas  become — 

cor.  S=^Ld  =  y^( - 0.  0338")  =  - 0.  08  inch 

cor.  T=^Ld  =  y^(-0.  0338 V  -0.  06  inch 

Ld  could  be  computed  but  was  determined  in  this  case  by  measuring- 
the  distance  between  the  0  and  100  per  cent  graduations  and  dividing 
by  100.  By  inspection,  its  sign  is  negative  since  the  scale  increases 
downward  while  those  for  S  and  T  increase  upward. 

The  negative  correction  distances  indicate  that  a  downward  move- 
ment on  the  S  and  T  axes  is  necessary  to  increase  D.  The  algebraic 
products  of  these  correction  distances  and  the  class-average  devia- 
tions computed  above  (entered  in  column  6,  Table  9)  are  measured 
off  (according  to  their  signs)  above  or  below  the  proper  graduation 
distance — graduation  value  curve,  over  the  average  temperature  or 
average  percentage  of  acid  of  the  class.  (The  results  are  the  plotted 
points  in  Figure  23,  D  and  A).  Smooth  curves  are  drawn  through 
these  series  of  points;  these  curves  give  the  revised  graduation  dis- 
tances to  be  used  in  regraduating  the  S  and  T  axes  prior  to  making  a 
second  estimate.  There  are  two  advantages  in  this  method.  It  is 
unnecessary  to  compute  net  regression  equations  or  plot  net  regression 
lines,  and  each  regression  curve  is  drawn  to  such  a  scale  (its  direction, 
may  sometimes  be  reversed)  that  it  may  be  used  directly  as  a  graduat- 
ing curve.  Cases  may  arise,  however,  as  will  be  explained  later^ 
where  this  method  is  inadvisable. 

The  necessary  graduations  are  next  entered,  lightly,  with  soft 
pencil,  for  they  are  to  be  erased  subsequently,  and  the  next  estimate 
read  as  entered  in  column  6,  Table  8. 

The  measured-second  estimate  curve  is  prepared  (Table  10  and 
fig.  24),  as  in  the  previous  example.  Since  it  is  known  that  the 
limits  of  dextrose  are  0  and  100  per  cent,  this  curve  is  so  drawn  that 
it  varies  only  between  these  values.  The  curve  through  these  points 
is  now  used  for  relocating  the  graduations  of  the  D  axis.  The  method 
is  illustrated  by  the  broken  lines  in  the  lower  left-hand  portion  of 
Figure  24.  Any  reading  on  this  axis,  such  as  d,  should  be  altered 
to  read  d\  This  may  be  accomplished  by  placing  the  revised  d^ 
graduation  where  the  d  graduation  was  previously.  These  correc- 
tions may  profitably  be  incorporated  into  the  graduating  curve 
(fig.  23  C)  by  plotting  the  graduation  distance  of  d  over  d\  As  many 
such  points  are  plotted  as  are  desired  for  locating  this  new  curve  of 
graduation  distances,  by  means  of  which  the  new  graduations  are 
entered  (in  pencil,  as  previously  done  for  S  and  T). 


52       TECHNICAL  BULTJETIN    210,  U.  S.  DEPT.  OF  AGRICULTURE 


100 


c 

0)  90 
O 


<U  80 
a 


<L»  70 


-t-  60 


50 


4-0 


30 


T5 

L.  20 
(/)      d 


■ 

..-r- 

2j^ 

Jr — ' 

^v^ 

4vj^^ 

^^ 

^ 

/ 

/^ 

/ 

/ 

/ 

/ 

3,  J 

A^ 

/ 

y 

y^ 

v 

1 

> 

Id 

10 


10 


ZO      30      40       50       60      70       80      90       100     110       120      130 

Two    estimated     residual    dextrose    fper  centj 

Figure  24. — The  measured-second  estimate  D  curve,  for  reading  the  third  estimate  and  for  regraduat- 

ing  the  T)  or  dextrose  axis 

Table  10. — Computations  for  measured-estimated  D  curves 

SECOND  ESTIMATE 


Estimated  D 

Estimated  D 

Meas- 

Meas- 

Items 

ured  D, 

Items 

ured  D, 

Class  limits 

Average 

average 

Class  limits 

Average 

average 

Number 

Per  cent 

Per  cent 

Per  cent 

Number 

Per  cent 

Per  cent 

Per  cent 

1 

-10.0-0.0 

-1.5 

0.0 

4 

60-0.  69.9 

64.6 

80.6 

1 

.0-9.9 

9.7 

2.7 

4 

70. 0-  79. 9 

75.0 

85.5 

1 

10. 0-19. 9 

15.2 

5.0 

3 

80. 0-  89. 9 

85.6 

88.4 

2 

20. 0-29. 9 

22.2 

5.6 

2 

90. 0-  99. 9 

95.2 

90.8 

3 

30. 0-39. 9 

34.2 

29.8 

2 

100. 0-109. 9 

105.2 

94.4 

3 

40. 0-49. 9 

44.1 

36.4 

1 

110.0-119.9 

112.8 

96.1 

4 

60. 0-59.  9 

55.5 

64.2 

1 

120. 0-129. 9 

122.6 

100.0 

FOURTH  ESTIMATE 


1 

-10. 0-  0. 0 

-0.6 

0.0 

1 

60. 0-59. 9 

68.8 

71.0 

4 

.0-9.9 

6.5 

4.7 

3 

60. 0-69. 9 

66.7 

69.2 

2 

10. 0-19. 9 

18.8 

28.0 

3 

70.  0-79.  9 

77.6 

80.7 

1 

20.0-29.9 

28.8 

33.3 

8 

80.0-89.9 

86.9 

87.0 

30. 0-39. 9 

36.6 

38.8 

6 

90. 0-99. 9 

94.2 

94.4 

2 

40. 0-49. 9 

42.4 

35.2 

SIXTH  ESTIMATE 


1 

2 
3 
1 
2 
2 

-10.0-0.0 
.0-9.9 
10. 0-19.  9 
20. 0-29. 9 
30. 0-39. 9 
40. 0-49. 9 

-1.4 
4.4 
13.8 
25.0 
35.4 
44.1 

0.0 
3.8 
14.0 
25.0 
33.3 
38.0 

3 

5 
6 
6 

1 

60. 0-  69. 9 
60. 0-  69. 9 
70. 0-  79. 9 
80.  0-  89.  9 
90.  0-  99.  9 
100. 0-109.  9 

62.2 
76.6 
80.4 
94.3 
102.6 

68.8 
80.6 
85.5 
93.4 
100.0 

The  third  estimates  are  read  from  the  measured-second  estimate 
tcurve  of  Figure  24,  then  grouped  by  temperature  and  acid  classes,  as 
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before,  and  the  total  and  class-average  deviations  entered  in  columns 
7  and  8  of  Table  8.  The  sums  of  the  measured  values,  by  classes, 
will  be  the  same  as  those  previously  determined  and  need  not  be 
computed  anew.  Class-average  deviations  multiplied  by  the  correc- 
tion distances  are  plotted  around  the  second  graduation  distance- 
graduation  value  curves, ^^  which,  to  avoid  confusion,  are  copied  on 
to  another  sheet  of  paper.  These  curves  could  be  plotted  on  the  sheet 
on  which  the  alinement  chart  is  drawn,  but  this  is  apt  to  cause  con- 
fusion, especially  if  many  estimates  or  variables  are  necessary.  The 
pencil  graduations  previously  entered  are  erased  and  new  ones  entered 
(also  in  pencil). 
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Figure  25. — The  surface  represented  by  the  final  alinement  chart  of  the  dextrose  problem,  with 
basic  data  shown  by  circles.    Compare  with  Figure  22 

The  succeeding  estimates  present  no  peculiarities,  and  no  further 
change  is  necessary  after  the  eighth  estimate.  The  standard  error  is 
found  to  be  5.33,  and  the  final  alienation  index  is  0.161,  showing  that 
only  16.1  per  cent  of  the  original  variation  about  the  mean  value  of 
D  remains. 


18  This  relocation  of  the  independent  variable  graduations  is  not  strictly  comparable  with  the  correction 
made  after  the  first  estimate  because  of  the  variable  spacing  introduced  in  the  D  axis.  However,  in  a 
number  of  instances  besides  this  one,  this  method  gives  better  results  than  the  more  fundamentally  sound 
but  slightly  less  simple  method  described  later  (p.  72). 
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FINAL  CORRECTION 

The  multiple  alienation  coefficient  between  the  last  residuals,  tem- 
perature, and  acid  concentration,  was  computed,  using,  for  the  most 
part,  the  calculations  made  for  the  original  regression  equation.  The 
alienation  coefficient  obtained  was  0.9968.  Were  the  corrections 
indicated  made,  the  final  alienation  coefficient  would  be — 

final  ^/=(^7DST)(^/c8t)  =0.161X0.9968  =  0.1605 

indicating  a  reduction  of  variation  of  only  0.05  per  cent,  which  is  not 
sufficient  to  warrant  modifying  the  chart.  The  final  graduations  are 
therefore  entered  in  ink.  The  surface  represented  by  the  final  aline- 
ment  chart  is  shown  in  isometric  projection  in  Figure  25,  together 
with  the  basic  data,  shown  by  circles. 

INTERPRETATION  OF  RESULTS 

The  results  of  this  analysis  show  that  the  extent  of  decomposition 
of  dextrose  depends  primarily  upon  the  action  of  heated  acid,  and  is 
not  the  sum  of  the  effects  of  heat  and  acid  working  individually. 
Otherwise,  the  curves  (fig.  25)  for  various  values  of  acid  or  of  tem- 
perature would  have  been  similar  in  form.  That  the  reaction  caused 
by  variation  in  one  factor  is  not  similar  in  extent  for  all  values  of  the 
other  factor  is  quite  apparent  from  Figure  25.  This  conclusion  would 
also  be  reached  from  an  inspection  of  the  final  graduating  curves,  in 
which  extreme  reverse  curvature  is  exhibited  in  that  for  dextrose 
while  those  for  temperature  and  acid  are  somewhat  similar. 

The  remaining  variation  in  the  data,  16.1  per  cent  of  the  original 
variation,  may  be  attributed,  among  other  things,  to  discrepancies 
in  measurements  of  materials  and  in  analysis  of  chemicals,  to  varia- 
tions in  temperature  during  the  experiment,  and  to  nonuniformity 
of  materials. 

EXAMPLE  INVOLVING  THE  DEVELOPMENT  OF  A  PREDICTING 

MECHANISM 

An  example  of  the  second  type  of  problem,  in  which  a  predicting 
mechanism  is  the  primary  object,  is  a  study  of  bark  thickness.  The 
object  of  the  study  was  to  find  the  factors  giving  the  best  indication 
of  bark  thickness  (of  shortleaf  pine)  and  to  incorporate  them  into  a 
mechanism  for  predicting  bark  thickness  at  any  point  on  the  stem. 

The  analysis  of  the  problem  and  the  method  of  selecting  the 
measurements  to  be  employed  will  be  given.  The  construction  of  a 
chart  for  more  than  three  variables,  employing  one  axis  twice,  and  the 
combined  use  of  regression  lines  and  graduating  curves  will  be  new 
features  illustrated.  The  effect  of  high  intercorrelation  between 
independent  variables  will  be  shown,  and  the  approximate  standard 
error  will  be  used  for  measuring  improvement  in  predictions  . 

The  factors  affecting  bark  thickness  are  of  two  types,  those  causing 
bark  growth  and  those  causing  removal  of  its  outer  surface.  Direct 
measurement  of  either  type  of  factor  is  difficult,  and  for  a  predicting 
mechanism  recourse  must  be  had  to  indirect  measurements.  Of  the 
causes  of  cambium  activity  resulting  in  bark  growth  the  most  usable 
and  easily  obtained  measurements  are  age,  site  index,  and  dimensions 
of  the  tree.  Of  the  causes  of  bark  removal — such  as  furrowing  and 
action  of  frost,  wind,  rain,  and  fungi — no  good  indicator  can  bo  ob- 
tained.    Age  and  site  index  are  the  best,  but  site  index  is  chiefly  a 


CORRELATION  ALINEMENT   CHARTS   IN   FOREST  RESEARCH      55 

measure  of  combined  soil  and  climatic  effects  during  the  growing 
season,  whereas  bark  reduction  is  more  the  effect  of  climate  alone 
throughout  the  entire  year.  However,  site  index  will  be  given  con- 
sideration in  the  initial  steps. 

A  list  of  the  measurements  from  which  it  may  be  possible  to  predict 
bark  thickness  ^^  will  include  site  index,  age,  diameter  at  breast  height, 
total  height  of  tree,  and  diameter  of  the  stem  at  various  heights  (both 
absolute  and  as  a  percentage  of  total  height).  Several  other  factors 
might  be  listed,  such  as  crown  class,  crown  vigor,  crown  density, 
locality,  aspect,  and  heredity,  some  of  which  are  incommensurable. 
Crown  class,  vigor,  and  density  may  be  evaluated  by  some  expression 
of  current  annual  growth  (rings  per  inch,  current  annual  increment, 
etc.),  but  this  does  not  measure  their  cumulated  effect  upon  bark 
growth,  w^hereas  diameter  more  nearly  does.  Locality  and  heredity 
do  not  lend  themselves  to  easy  evaluation,  while  aspect,  in  terms  of 
azimuths,  is  a  very  unsatisfactory  value  to  work  with.  These  six 
last-named  variables  hold  little  promise  and  would  complicate  the 
predicting  mechanism.  They  are  accordingly  rejected.  To  deter- 
mine w^hich  of  the  remaining  variables  have  greatest  value  for  pre- 
dicting purposes  a  multiple  regression  equation  (A),  including  all  the 
remaining  variables,  was  computed  with  bark  thickness  as  the  de- 
pendent variable.     The  equation  obtained  was — 

A)— Bark  thickness  (inch)  =0.000775  site  index-f-0. 0626  d.  b.  h,-0. 00752  total  height. 
Range  of  variable         =  54  feet.  9  inches.  72  feet. 

RangeXcoefflcient        =    0. 0418  inch.  0. 563  inch.  0. 541  inch. 

+0. 00519  total  age-0. 0207  section  d.  i.  b.— 0. 000941  section  height  (feet). 
68  years.  15  inches.  85  feet. 

0. 333  inch.  0. 310  inch.  0. 0800  inch. 

—0. 00987  section  height  (per  cent)  —0. 00447  section  age  +0. 751. 
100  per  cent.  80  years. 

0. 987  inch.  0. 358  inch. 

The  multiple  alienation  coefficient  was  0.575. 

The  range  of  measurements  (difference  between  maximum  and 
minimum)  is  given  below  the  equation,  and  below  that  is  given  the 
corresponding  variation  in  bark  thickness  (range  of  measurements 
times  regression  coefficient).  Considering  both  the  regression  coeffi- 
cient and  the  maximum  variation  in  bark  thickness  associated  with 
each  variable,  the  use  of  site  index,  tree  and  section  ages,  and  section 
height  in  feet  will  not  increase  the  accuracy  enough  to  offset  the 
increased  number  of  measurements  needed  nor  the  increased  com- 
plexity of  the  predicting  mechanism.^^  Accordingly  these  variables 
are  rejected  and  a  new  regression  equation  (B)  computed  for  those 
remaining.  ^^ 

This  equation  was — 

(B) — Bark  thickness  (inch) 

=  0.070339  d.  b.  h-  0.006002  total  height  -  0.033235  section  d.  i.  b. 
-0.009778  section  height  (per  cent) +  0.78716. 

19  The  correlation  of  diameter  outside  bark  with  diameter  inside  bark  (and  other  variables)  is  an  alterna- 
tive treatment.  This  was  not  used,  however,  because  the  diameter  inside  bark  is  the  major  component  of 
diameter  outside  bark,  and  high  correlation  naturally  would  be  obtained.  Significant  differences  in  bark 
thickness  would  appear  as  very  minor  variations  in  the  relation  between  diagieter  outside  bark  and  inside 
bark,  thus  obscuring  the  presence  of  any  factor  having  an  appreciable  influence  on  bark  growth. 

20  Section  d.  i.  b.,  while  apparently  less  important  than  total  age  and  section  age,  must  be  retained  for 
practical  reasons.  It  will  be  needed  if  diameter  outside  bark  at  points  up  the  tree  are  for  any  reason  to  be 
calculated. 

21  The  squares,  products,  sums,  and  standard  deviations  necessary  have  already  been  computed  in 
connection  with  the  preceding  equation,  so  relatively  little  work  is  necessary  for  the  new  equation. 
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The  alienation  coefficient  was  0.577,  only  0.002  more  than  for  all 
variables,  a  fact  which  confirms  our  judgment  that  four  variables 
may  be  dropped  without  appreciable  loss  in  accuracy.  Although  the 
regression  coefficient  for  total  height  is  now  small  it  is  not  certain 
that  a  curvilinear  relation  does  not  exist,  and  it  is  therefore  retained.^ 
Of  the  four  independent  variables  retained,  it  is  quite  likely  that 
one  of  the  sectional  measurements  (section  d.  i.  b.  or  percentage 
height)  might  be  reflected  in  the  other  should  either  be  removed  from 
consideration.  With  total  height  and  d.  b.  h.  considered  there  should 
be  moderately  high  correlation  between  section  d.  i.  b.  and  percentage 
height,  although  form  varies  between  trees  of  the  same  height  and 
d.  b.  h.  To  analyze  this  two  regression  equations  were  computed 
with  section  d.  i.  b.  and  section  height  (per  cent)  omitted  in  turn* 
These  were — 

(O— Bark  thickness  =  0.0498  d.  b.  h.- 0.00666  total  height -0.00734 

section  height  (per  cent) +  0.702 

(D)— Bark  thickness  =  0.00366  d.  b.h.- 0.00862  total  height +  0.0775 

section  d.  i.  b.  + 0.434. 

The  alienation  coefficient  was  0.590  for  equation  C  and  0.724  for 
equation  D,  as  compared  with  the  0.577  for  equation  B,  with  both 
section  d.  i.  b.  and  section  height  (per  cent)  included.  The  small 
difference  between  the  coefficients  for  equations  B  and  C  indicates 
that  in  applying  the  result  to  trees  of  average  form  the  three  measure- 
ments d.  b.  h.,  height,  and  section  height  (per  cent)  are  sufficient. 
If  form  class  were  recognized,  it  would  be  necessary  to  retain  both 
section  d.  i.  b.  and  section  height  (per  cent)  or  to  include  form  quotient 
in  equation  C.  Obviously,  a  predicting  mechanism  based  on  equation 
D,  with  an  alienation  coefficient  of  0.724,  would  be  less  satisfactory 
than  one  based  on  equation  B  or  C. 

This  particular  study  was  for  application  to  trees  of  average  form, 
but  equation  (B)  including  both  section  d.  i.  b.  and  section  height 
(per  cent)  will  be  developed  because  it  illustrates  several  points  not 
encountered  in  the  development  of  equation  (C),  the  more  satisfac- 
tory of  the  4-variable  equations. 

THE  AUNEMENT  CHART 

An  alinement  chart  for  five  variables  requires  seven  axes,^  one 
for  each  independent  variable,  one  each  for  the  two  intermediate 
sums,  and  one  for  the  final  sum  (the  dependent  variable).  By  proper 
design  some  of  these  axes  may  be  made  to  coincide,  thus  reducing  the 
number  appearing  on  the  chart. 

The  initial  chart  (fig.  26)  was  constructed  as  follows,  to  agree  with 
the  regression  equation  B : 

The  chart  was  assembled  progressively,  starting  with  two  of  the 
independent  variables  and  adding  one  variable  at  a  time.  Because 
of  the  possibility  of  magnified  and  cumulative  errors  due  to  slight 
inaccuracies  in  mechanical  drawing,  the  graphic  method  of  locatmg 

"  Tho,  variables  rejected  ^ove  could  have  been  tested  for  curvilinearity  by  carryinp  them  through 
one  or  two  approximations,  but  the  lar^e  number  of  data  together  with  the  small  likelihood  of  developing 
appreciably  curved  regression  lines  led  to  the  omission  of  such  a  test  in  this  case.  Also,  site  index  and  ages 
are  closely  associated  with  the  retained  measurements  of  tho  tree,  and  are  thus  included  by  implication. 
Height  of  the  section,  in  feet,  is  also  included  in  another  form  in  tho  two  measurements  of  total  height 
and  percentage  height. 

"  The  number  of  axes  required  is  3  less  than  twice  the  number  of  variables. 
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Figure  26.— The  alinement  chart  for  the  bark-thickness  regression  equation  B: 
B=0.070339J9-0.006002H-0.033235d  -0.009778A+0.78716 
The  B  axis  is  also  used  to  hold  Si  values,  which  need  not  be  read  and  hence  require  no  scale 
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the  position  of  the  axes  was  abandoned  in  favor  of  calculated  values. 
For  the  start  two  variables  alike  in  sign  (a  matter  of  personal  prefer- 
ence) were  selected,  namely,  section  height  (per  cent)  as  A,  and 
section  d.  i.  b.  as  d,  both  with  negative  coefficients.  The  sum  axis 
(/S'l)  for  these  two  components  of  the  chart  will  be  between  the  others 
if  all  scales  increase  in  the  same  direction.  For  convenience,  these 
scales  will  be  made  to  increase  from  the  bottom  to  the  top.  The 
distance  between  h  and  d  was  made  8  inches,  the  scale  for  h  was  made 
+  0.1  inch  for  each  percentage  unit,  and  for  d,  +0.5  inch  per  inch  of 
diameter.     From  Formula  X  (page  41)  we  have — 


In  a  similar  manner — 


U,=L,f{h) 

J.               O.lh 

-10.23 

^»     (-0.009778A) 

Ua-L,j{d) 

-15.04 

Since  the  distance  hd  has  been  made  8.0  inches — 

hSi  =  M-Sid==^.{i-S,d 
Now,  from  Formula  XII  (p.42)— 

Sid    Li 
Substituting — 

Sid  =  4:,7Q 

/i/S'i  =  8.0 -4.76  =  3.24 

The  Si  axis  is  accordingly  entered  parallel  to  and  3.24  inches  to 
the  right  of  the  h  axis.  Its  scale  need  not  be  entered  since  no  values 
are  to  be  read  from  it,  but  the  modulus  will  be  needed  for  subsequent 
calculations,  and  so  is  computed  as  follows: 

-10.23(- 15.04) 


-10.23 +(-15.04) 
153.86 


-25.27 


6.09 


To  the  chart  as  it  now  stands  an  additional  axis  (H)  for  another 
independent  variable  is  added.     This  is  done  by  considering  the 
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Si  axis  as  one  component  of  a  new  chart  and  H  as  the  second  com- 
ponent. Another  axis  (>S'2)  will  be  needed  for  their  sum.  Total 
height,  with  a  negative  coefficient  —0.006002,  will  be  taken  for 
H.  The  axis  for  H  will  be  arbitrarily  placed  5.76  inches  to  the  right 
of  ^S'l,  with  a  scale  of  +0.1  inch  per  foot,  increasing  in  the  same 
direction  as  the  preceding  ones.  ^'2  will  therefore  lie  between  Si 
and  H.     The  following  computations  give  its  position  and  modulus — 

T    _    ^g  _  0-1^  _       .... 

"~fiH)~{-0.00Q002H)         ^^'^^ 

SiS2^SiH-S2H^5.76-S2H^Ls,^    -6.09 
S2H         S2H  S2H         Lh     -16.66 

S2H= 4^.22 

Ls.Lff  ^    -6.08(- 16.66)   ^    101.29^ 
^•"2    Ls.  +  Lh     -6.08+ (-16.66)     -22.74        ^'^^ 

There  now  remains  one  independent  variable  (d.  b.  h.)  to  be  added 
to  this  chart.  &  is  then  considered  as  the  first  component  of  a  new 
chart,  d.  b.  h.  (D)  as  the  second  component,  and  their  sum  will 
equal  bark  thickness  (B)  minus  the  constant  (by  transposition  in 
the  regression  equation.)  Since  the  regression  coefficient  for  D  is 
positive  it  w^ould  be  necessary,  in  order  to  have  all  scales  increase 
in  the  same  direction,  to  transpose  the  equation  as  follows — 

—  S2  +  D={B  —  constant) 

—  ^'2  —  (B  —  constant)  =  —D 

which  then  places  the  D  axis  between  those  for  S2  and  B.  However, 
it  is  desired  to  make  the  B  axis  coincide  with  the  Si  axis,  and  there 
is  rather  too  little  space  for  D  between  ^S'l  and  S2  (SiS2  =  SiH  —  S2H = 
5.76  —  4.22  =  1.54  inches).  Accordingly,  the  B  scale  is  made  to  read 
in  the  opposite  direction  from  the  others.  By  reversing  the  sign  of 
B  (and  hence  the  direction  of  the  scale)  the  equation  becomes — 

—  S2  +  D=  —  (B  —  constant) 

S2  =  D+  (B—  constant) 

thus  making  ^^2  the  central  scale.  The  scale  for  D  was  taken  as 
+  0.5  in.  per  inch  of  d.  b.  h.  Since  the  moduli  of  ;S'2  and  D  have  been 
fixed,  as  have  the  positions  of  the  B  and  ^2  axes.  Formula  XII  is 
used  for  finding  BD. 

^      0.5D 
^"^    0.070339Z>     '-^^ 

S2B    Ls,     -4.45 

^D=z^="7i:r="^-^2^ 


Since  S2B  =  S2S1  = -SiS2= -1.54: 

-1.54 


=  -0.626 


BD 

BD  =  2AQ 
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D  is  therefore  placed  2.46  inches  to  the  right  of  B. 
Bis— 


The  modulus  of 


LsoLd 


4.45X7.11 


-31.64 
2.66 


=  -11.9 


^^    Ls2  +  Ld     -4.45  +  7.11 

The  key  to  the  chart  is,  then, 

From  h  to  d,  hold  ^i  (B);  to  H,  hold  ^2,  to  D,  read  B  (Si). 

To  graduate  the  B  axis,  the  elevation  of  any  graduation  of  B  should 
be  determined  and  plotted  over  its  value  and  a  line  drawn  through 
this  point  with  a  slope  of  —11.9  inches  per  inch  of  bark.  From 
this  graduating  curve  the  scale  of  B  is  entered,  thus  completing  tho 
chart. 
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Figure  27.— The  regression  straight  lines,  first  estimate  residuals  and  regression  curves  for  bark 

thickness 

First  estimates  for  all  items  are  next  made,  the  measured  and  first 
estimated  values  are  grouped  by  independent  variable  classes,  and  the 
class-average  deviations  are  computed.  Correction  distances,  how- 
ever, will  not  be  used  in  this  problem.  This  is  advisable  because 
with  many-variable  charts,  the  correction  distance  for  some  of  the 
variables  may  become  too  large,  and  the  dispersion  of  residuals  so 
plotted  may  be  too  great  to  permit  of  the  fitting  of  a  curve  with 
facility.  In  such  cases  the  regression-line  method  used  in  the  first 
illustrative  problem  (p.  24)  should  be  reverted  to.  In  this  study 
regression  lines  will  be  used  for  all  variables,  although  the  correction 
distances  for  //  and  Z>  are  still  small  enough  to  permit  of  their  use. 

REGRESSION  UNES 

The  net  regression  straight  lines  are  drawn  (see  p.  25),  deviations 
plotted  about  them,  and  regression  curves  fitted.     (Fig.  27.)     It  will 
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be  noted  that  those  indicated  for  B 
and  for  H  curve  in  the  same  direc- 
tion; and  since  d.  b.  h.  and  height 
are  known  to  be  intercorrelated  it  is 
well  not  to  put  in  all  of  the  curvature 
indicated,  lest  some  may  have  to  be 
removed  in  later  approximations.  The 
curvature  for  h  is  considerable,  but 
well  defined.  That  for  d  tends  to  rise 
toward  the  right,  after  dropping  from 
the  left.  This  right  end  is  rather 
poorly  defined,  and  it  is  quite  prob- 
able that  the  rise  indicated  is  acci- 
dental. Accordingly,  this  rise  will 
not  be  put  in  until  its  correctness  is 
confirmed  by  subsequent  estimates. 
The  d  curve  is,  therefore,  kept  drop- 
ping toward  the  right,  instead  of  rising 
as  the  points  indicate. 

GRADUATING    CURVES  FROM  REGRESSION 
CURVES 

The  graduating  curves  correspond- 
ing to  these  regression  curves  are 
next  prepared  by  locating  a  series  of 
points  as  follows  (fig.  28): 

For  a  section  height  of  10  per  cent  the 
value  of  bark  thickness  is  read  from 
the  new  regression  curve.  The  sec- 
tion height  for  which  the  original  re- 
gression line  gives  the  same  bark  thick- 
ness is  next  determined  to  be  23  per 
cent.  On  the  graduation  distance- 
graduation  value  curve  for  h  a  point 
is  plotted  over  10  per  cent  at  the  same 
height  as  the  original  23  per  cent. 
A  number  of  points  are  thus  located 
and  the  new  graduating  curve  drawn 
through  them.  Graduating  curves  for 
each  independent  variable  are  thus 
prepared,  the  alinement  chart  re- 
graduated  and  a  second  estimate  read. 

Its  approximate  standard  error  ^^ 
was  0.117,  which  is  to  be  compared 
with  the  standard  deviation  of  0.300 
and  with  0.169,  the  true  standard 
error  of  the  first  estimate.  As  in 
the  previous  examples  a  measured- 

"  Because  of  the  large  number  of  data,  the  improve- 
ment with  each  estimate  was  indicated  by  the  approxi- 
mate standard  error,  1.253^^.  AE  can  be  obtained 
as  shown  under  Short  Cuts  in  the  Appendix  without 
computing  the  deviation  of  each  item.  Its  use  with 
small  numbers  of  data  is  inadvisable,  since  it  may  fail  to 
eflect  minor  improvements. 
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Figure  28.— Revising  the  graduating  curve, 
for  section  height  (ft),  from  the  regression 
curve.  The  method  is  illustrated  in  the 
location  of  the  10  per  cent  point 
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second  estimate  curve  is  prepared,  the  bark- thickness  axis  regraduated 
and  a  third  estimate  read.  The  third  estimate  is  treated  as  was  the 
first,  the  deviations  being  plotted  (fig.  29)  about  copies  of  the  second 
regression  curves  (broken  lines)  to  avoid  confusion.^^  The  D  and  H 
curves  (not  shown)  each  indicate  increased  curvature,  which  is  entered. 
The  h  curve  retains  its  general  outline,  but  reduces  its  curvature 
slightly.  The  curve  for  d  reverses  the  direction  of  curvature,  indicat- 
ing that  it  is  closely  correlated  with  another  variable,  h. 

EFFECT  OF  INTERCORRELATION  OF  TWO  INDEPENDENT  VARIABLES 

The  subsequent  curves  for  D  and  H  show  less  change  in  curvature 
and  have  become  quite  stable  in  position.  Those  for  d  and  h  give 
evidence  of  an  oscillation  in  curvature  as  shown  in  Figures  29  and  30. 
If  the  change  in  curvature  indicated  is  only  partly  entered,  they  will 
eventually  reach  a  stable  position.  However,  even  though  these  two 
curves  continue  to  shift,  the  shift  is  compensating  in  effect,  and  the 
accuracy  of  the  chart  is  not  affected,  as  is  shown  by  the  standard 
errors,  which,  for  the  third,  fourth,  and  fifth  estimates  (0.124,  0.123, 
and  0.121,  respectively),  are  almost  identical,  although  these  two 
regression  curves  have  shifted  considerably. 

At  this  stage  a  multiple  correlation  of  the  residuals  should  show 
whether  or  not  a  tilt  of  the  regression  curves  would  eliminate  the 
swinging.  Such  a  correlation  was  computed,  resulting  in  an  aliena- 
tion coefficient  of  0.955  and  a  regression  equation  of — 

Bark  thickness  residuals  (inch)  =  0.00040027 -0.0000862/7 -0.001 62c? 

-0.000132A  +  0.0174 

The  tilt  indicated  by  the  coefficients  is  very  small  for  all  variables. 
The  final  alienation  coefficient,  were  the  indicated  corrections  made, 
would  lower  the  alienation  coefficient  from  0.403  to — 


0.403X0.955  =  0.385 


an  improvement  too  small  to  warrant  the  effort  necessary.  The  cor- 
responding improvement  in  the  standard  error  would  be  from  0.121 
to  0.116. 

A  predicting  mechanism  has  been  developed,  enabling  the  calcu- 
lation, with  satisfactory  accuracy,  of  bark  thickness  and  hence  of 
outside-bark  diameters,  for  all  points  on  the  stems  of  second-growth 
shortleaf  pine  of  average  form.  Inside-bark  stem  measurements  must 
be  known,  of  course,  to  apply  the  results  when  bark  volume  or  outside 
bark  diameters  are  desired. 

A  simpler  chart,  easier  to  make  and  to  use,  could  doubtless  have 
been  developed  with  the  variable  of  section  diameter  omitted,  thus 
eliminating  the  oscillation  of  the  regression  lines.  For  some  purposes 
such  a  chart  would  be  adequate,  but  for  computing  bark  volume  or 
outside  bark  diameters  additional  information  as  to  stem  measure- 
ments is  as  essential  for  its  application  as  with  the  chart  which  has 
been  prepared.  It  might  also  be  advisable — were  the  object  the  de- 
velopment of  the  best  predicting  mechanism  rather  than  the  illustra- 
tion of  a  method — to  investigate  the  possibilities  of  an  even  simpler 
chart  in  which  but  two  independent  variables,  D  and  h,  are  usea. 

><  The  original  straight  regression  line  is  copied  also,  for  use  in  regraduating  the  chart,  sinoe  it  is  some 
what  easier  to  refer  the  new  curve  to  the  straight  line. 
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Figure  29.— Residuals  of  the  third  estimate  plotted  about  copies  of  the  second  d  and  A  regression 
lines.  The  first  (straight)  regression  lines  are  included  to  aid  in  regraduating  the  chart.  Note  the 
changes  in  curvature,  which  do  not  persist  in  the  following  steps 
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Figure  30.— Section  diameter  (d)  and  percentage  height  (A)  regression  curves  resulting  from  the 
fifth  estimate.  A  comparison  with  Figure  29  shows  an  oscillation  of  curvature.  This,  caused 
by  a  high  intercorrolation  between  these  variables,  may  be  checked  by  inserting  only  a  part  of 
the  indicated  curvature  in  each  case 
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COMPLEX  PROBLEMS  AND  INADEQUATE  DATA 

The  difficulty  of  interpreting  analyses  of  complex  problems,  par- 
ticularly when  based  on  records  in  a  form  not  suited  to  the  method 
of  analysis,  will  be  illustrated  by  a  study  of  the  damping-off  of  conifer- 
ous seedlings  ^^  in  which  the  variables  have  a  periodic  character. 

The  data  obtained  comprised  twice-daily  records  (1)  of  the  per- 
centage of  seedlings  showing  symptoms  of  damping-off,  and  continu- 
ous records  of  (2)  evaporation,  (3)  soil  temperature  (curved),  (4) 
air  temperatures,  and  (5)  soil  moisture. 

The  objective  of  the  problem  was  the  definition  of  the  type  of  varia- 
tion in  damping-off  associated  with  each  of  the  above  factors  or 
causes  contributing  to  the  appearance  of  damping-off  symptoms. 
Air  temperature  was  not  used  because  it  is  reflected  in  the  evapora- 
tion data.  Variables  will,  therefore,  be  restricted  to  (1)  number  of 
days  since  germination  of  first  seedling,  (2)  evaporation,  (3)  soil 
moisture,  (4)  soil  temperature,  and  (5)  number  of  damped-off  seed- 
lings, as  the  dependent  variable. 

Of  these  variables,  two  are  expressed  as  rates;  number  of  seedlings 
damped-off  is  given  as  the  percentage  (of  initial  number)  damped-off 
per  hour;  evaporation  is  given  in  cubic  centimeters  per  hour;  soil 
moisture  as  a  percentage;  soil  temperature  in  degrees  Fahrenheit. 

There  is  a  cycle  24  hours  in  length  involved  in  each  of  the  last  four 
variables,  but  only  for  the  last  three  variables  have  the  data  been 
taken  in  such  form  that  the  cyclic  fluctuations  can  be  analyzed.  In 
recording  the  data  for  damping-off  in  terms  of  average  values  for  day 
and  night  this  cyclic  fluctuation  is  obscured  and  it  therefore  becomes 
necessary  to  treat  the  other  variables  in  a  comparable  manner  to  avoid 
erroneous  results.  Accordingly,  average  values  for  each  period  are 
used  for  soil  temperature,  soil  moisture,  and  evaporation.  This  pro- 
cedure is  dictated  by  the  character  of  the  records  and  does  not 
represent  the  most  desirable  method  of  analyzing  this  type  of  problem. 

The  regression  equation  computed  for  these  data  was — 

Number  of  seedlings  damped-off  (percentage  of  initial  number)  = 
-0.0469_Xage  (days)  - 0.0069  X soil  temperature  (°  F.)  + 0.0288  X 
evaporation  (cubic  centimeters  per  hour)  — 0.0039  X  soil  moisture 
(per  cent) +  1.4713 

The  alienation  coefficient  was  0.785. 

Proceeding  with  the  analysis,  in  the  way  already  described,  the 
regression  curves  shown  in  Figure  31  were  obtained  with  the  sixth 
estimate.     The  final  alienation  coefficient  was  0.403. 

The  curves  for  age,  evaporation,  and  soil  temperature  appear  to  be 
reasonable;  the  older  seedlings  are  more  hardy,  and  fewer  of  the  dis- 
eased seedlings  will  show  decided  symptoms,  their  increased  stiffness 
making  detection  of  the  diseased  condition  harder.  Increased 
evaporation  increases  transpiration  and  the  wilting  indicative  of 
damping-off  becomes  more  apparent.  The  increase  in  disease- 
progress  with  an  increase  in  temperature,  up  to  about  70°  F.,  is  in 
accordance  with  general  knowledge  of  ifungus  growth.  The  first 
curve,  for  soil  moisture,  is  rather  peculiar,  since  it  is  known  that  the 

w  The  data  for  this  study  were  made  available  through  the  courtesy  of  Carl  Hartley  (I4,  p.  75-79),  of  the 
Bureau  of  Plant  Industry. 
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disease  progresses  more  rapidly  in  wet  soil  than  in  dry.  Several 
interpretations  may  be  given.  Since  the  dependent  variable  is  the 
number  of  seedlings  showing  symptoms  of  damping-off  (wilting),  one 
interpretation  may  be  that  when  soil  moisture  is  near  the  wilting 
coefficient  a  number  of  nondiseased  seedlings  may  wilt,  thus  indicating 
a  larger  number  affected  when  the  soil  moisture  is  low.  The  portion 
of  the  curve  above  20  per  cent  is  in  accord  with  the  loiown  relation  of 
moisture  to  the  disease  growth. 

The  shape  of  this  curve  lends  little  support  to  a  suggestion  made  by 
Hartley,  in  his  discussion  of  the  data,  that  increased  soil  moisture  will 
reduce  the  amount  of  air  in  the  soil,  thus  reducing  the  disease  activity. 
This  decrease  of  air  in  the  soil  is  a  variable  which  has  been  considered 
only  by  implication,  through  its  association  with  soil  moisture.  This 
hypothesis  is  reasonable,  but  seems  to  be  contradicted  by  the  rising 
right-hand  portion  of  the  curve. 

Several  disturbing  factors  may  be  responsible  for  the  peculiarity  of 
this  curve.  One  is  associated  with  its  data;  the  moisture  determina- 
tions were  limited  to  the  top  0.6  centimeter  of  soil  and  may  not  be 
entirely  indicative  of  the  moisture  content  throughout  the  entire  zone 
in  which  the  disease  was  active.  The  second  disturbing  factor  is  that 
the  present  value  of  the  dependent  variable  may  depend  on  previous 
values  of  the  independent  variables  as  well  as  on  their  present  values. 
The  symptoms  of  damping-off  may  not  be  related  entirely  to  the  soil 
moisture  during  any  particular  instant  or  short  period,  but  may 
rather  be  related  to  the  moisture  content  at  some  previous  period,  or 
to  the  accumulated  effects  during  a  longer  period,  or  to  an  optimum 
or  critical  value,  and  to  the  time  or  to  the  average  value  since  the 
optimum  or  critical  point  was  reached. 

It  is  evident,  therefore,  that  a  very  complex  relation  may  exist,  not 
only  in  connection  with  soil  moisture,  but  with  evaporation  and 
temperature  as  well.  A  certain  optimum  combination  of  these  three 
variables  may  produce  a  maximum  effect  at  a  later  date,  depending 
upon  the  conditions  obtaining  during  the  interval.  The  data  at  hand 
are  obviously  inadequate,  and  additional  information  is  necessary  as 
to  soil  temperature  and  moisture  at  other  depths,  as  well  as  a  more 
continuous  record  of  damping-off  in  which  bona  fide  damping-off  is 
distinguished  from  ordinary  wilting. 

TIME  SERIES 

The  correlation  of  time  series,  in  which  values  of  one  variable  at 
given  dates  are  correlated  with  values  of  other  variables  at  those  dates, 
is  a  most  difficult  problem  for  statistics.  Experience,  care,  and 
extreme  caution  are  necessary  to  avoid  nonsense  correlations  (48). 
Such  problems  often  involve  periodic  variations,  which  have  com- 
monly been  eliminated  before  correlating,  as  in  the  problem  on  damp- 
ing-off (p;  65).  Errors  are  often  introduced  by  such  procedure  and 
should  be  studiously  avoided.  The  use  of  serial  correlations  (4-1)  and, 
in  curvilinear  correlation,  the  use  of  seasonal  and  secular  variations 
as  additional  variables  offer  a  safeguard  against  illogical  results. 
This  phase  of  statistics  is  so  complex  and  undeveloped  that  its  presen- 
tation in  this  bulletin  is  ipadvisable.  The  difficulties  affect  all 
graphical  and  statistical  methods  and  are  not  peculiar  to  the  technic 
herein  described. 
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For  the  solution  of  such  complex  problems  it  must  suffice  to  point 
out  the  possibility  of  using  maxima  {26,  26),  minima,  modes  and 
means,  seasonal  trend  and  secular  variation  together,  moving  aver- 
ages, accumulations,  values  at  previous  times  (lagging  data),  interval 
since  a  given  occurrence,  such  as  rainfall. 

MINOR  VARIATIONS  IN  TECHNIC 

USE  OF  RATIOS 

The  basic  data  for  many  problems  may  often  be  expressed  both  in 
absolute  quantities  and  in  ratios  or  percentages.  Ratios,  or  per- 
centages, may  have  two  uses,  (1)  as  a  more  logical  measure  of  the 
variable,  as  in  the  dextrose  problem  where  the  relationships  change 
with  the  proportion,  rather  than  the  quantity  of  each  chemical;  and 
(2)  to  simplify  the  problem  by  reducing  magnitude  or  range  of  num- 
bers, or  by  reducing  curvature  of  the  regression  lines.  In  the  first 
instance  the  ratios  themselves  are  the  data  being  investigated,  while 
in  the  second  the  ratios  serve  merely  as  a  means  to  an  end. 

The  second  use  occurs  chiefly  in  constructing  charts  for  predicting 

purposes.     To  consider  such  a  chart  satisfactory  it  is  essential  that, 

when  checked  against  its  basic  data,  the  sum  of  the  values  estimated 

by  means  of  the  ratios  shall  not  be  appreciably  higher  or  lower  than 

the  sum  of  the  measured  values  in  absolute  units.     Because  of  an 

uneven  distribution  of  data  a  difference  between  these  sums  may 

exist  even  when  the  sums  of  the  estimated  and  measured  ratios  are 

exactly  equal.     A  correction  of  the  estimates  becomes  desirable  in 

such  instances  and  may  be  made  in  one  of  two  ways.     The  simplest 

way  is  to  multiply  each  estimate  by  the  ratio 

Sum  measurenients  (absolute  units)      rrcx  ^   ^  e 

— c r- 7 — rx — 1—7 rr^; Ihe  second  type  of  correc- 

oum  estimates  (absolute  units)  '^^ 

tion,  more  desirable  when  numerous  estimates  are  made,  is  a  mod- 
ification of  the  scale  for  the  dependent  variable,  to  increase  or 
decrease  the  readings  of  the  chart  by  the  ratio  given  above.  Thus, 
if  the  ratio  were  1.02,  the  1.00  graduation  becomes  1.02,  the  10.00 
graduation  becomes  10.20,  the  50.00  graduation  becomes  50.00  X  1.02 
=  51.00,  etc.  A  graduating  curve  through  a  few  such  points  will 
permit  a  regraduation  of  the  entire  scale. 

GROUPED  DATA 

The  basic  data  for  some  problems  may  be  so  numerous  that  a  pro- 
hibitive amount  of  work  would  be  involved  in  making  a  separate 
estimate  for  each  item.  Averages  by  classes,  such  as  diameter-height, 
age-site  index  classes,  may  be  used  in  such  cases,  but  all  residuals 
must  be  weighted  (multiplied)  by  the  number  of  items  in  each  class. 
When  this  is  done  a  standard  error  of  the  class  averages  may  be  com- 
puted for  following  the  improvement  in  estimates,  but  such  a  stand- 
ard error  is  meaningless  as  an  expression  of  the  variation  in  the 
original  data,  since  the  deviation  of  the  averages  is  influenced  greatly 
by  the  number  of  items  entering  into  each  average.  For  a  true 
standard  error  a  final  estimate  should  be  made  for  each  item  and 
the  standard  error  computed  from  their  deviations.  When  many  va- 
riables are  involved  the  number  of  items  in  each  class  may  be  so 
small  that  the  time  involved  in  weighting  the  averages  overbalances 
the  savings  in  number  of  readings  of  the  chart. 


CORRELATION   ALINEMENT   CHARTS   IN   FOREST   RESEARCH       69 
INCOMMENSURABLE  VARIABLES 

If  some  factors  are  not  commensurable  they  may  be  ignored  in 
the  initial  steps  and  their  effects  later  analyzed  as  follows.  A  com- 
posite chart  is  prepared  for  all  data,  using  commensurable  variables 
only.  The  residuals  of  the  final  estimate  from  this  chart  are  grouped 
by  the  recognized  classes  of  the  incommensurable  variables  (crown 
classes,  localities,  species,  collector  of  the  data,  etc.).  The  departure 
of  the  average  residual  for  each  of  these  classes  is  a  measure  of  the 
effect  of  the  variable. 

EFFECT  OF  HIGH  INTERCORRELATION  OF  INDEPENDENT  VARIABLES 

Occasionally  the  existence  of  very  high  intercorrelation  between 
two  of  the  independent  variables  will  cause  serious  difficulties.  This 
€an  best  be  illustrated  by  an  extreme  case,  based  gn  hypothetical 
data  in  which  two  of  the  variables,  X  and  Y,  are  by  intent  more 
closely  correlated  than  they  would  be  in  any  actual  forestry  problem. 
A  group  of  values  was  calculated  by  means  of  the  formula — 

A  regression  equation  for  these  values  was  computed  to  be — 

W=  +0.466X-0.958r+3.82Z-4.67 

The  alienation  coeflScient  was  0.290  and  the  standard  error  1.65. 
This  regression  equation  has  the  sign  for  X  opposite  to  that  in  the 
basic  equation,  showing  that  it  is  seriously  in  error. 

After  modification  for  curvature  the  alienation  coefficient  was 
lowered  only  to  0.276,  from  0.290,  and  the  standard  error  was  1.57, 
as  compared  with  1.67,  the  standard  error  of  the  first  estimate.  The 
discrepancy  in  the  sign  of  X  remained. 

This  failure  of  the  method  is  less  serious  than  might  first  appear  if 
a  predicting  mechanism  is  the  chief  aim.  If  one  of  the  two  variables 
which  are  highly  intercorrelated  is  omitted,  its  influence  will  be  car- 
ried into  the  final  estimates  through  that  which  remains,  its  final 
regression  curve  being  essentially  a  composite  of  the  direct  effect  of 
one  and  the  indirect  effect  of  the  other.  In  such  cases  a  predicting 
naechanism  is  produced  which,  while  based  on  but  one  of  these  va- 
riables, is  nearly  as  accurate  as  if  both  highly  intercorrelated  variables 
had  been  retained. 

VARIABLES   WITH  SMALL  REGRESSION    COEFFICIENTS,    BUT   WITH   CONSIDERABLE 

CURVATURE 

In  certain  problems  it  may  sometimes  be  desirable  to  retain  a  va- 
riable when  its  linear  regression  line  has  little  slope,  but  considerable 
-curvature  is  expected,  for  in  such  cases  the  final  influence  of  the  va- 
riable may  be  considerably  greater  than  is  indicated  by  its  regression 
•coefficient.  In  preparing  the  alinement  chart,  a  very  small  scale 
unit  should  be  used  for  the  axis  representing  such  a  variable,  for  sub- 
sequent corrections  will  almost  certainly  expand  the  scale,  and  some- 
times to  an  astonishing  degree.  A  relatively  small  scale  unit  on  one 
axis  can  be  secured  by  locating  it  very  close  to  the  sum  axis  associated 
with  that  variable.     In  such  problems,  moreover,  the  use  of  correc- 
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tion  distances,  as  described,  in  previous  pages,  usually  results  in  a 
wide  scattering  of  the  points  which  makes  curve  fitting  difficult.  The 
method  used  in  the  bark- thickness  problem — plotting  the  residuals 
around  the  net*  regression  line,  curving,  and  then  transferring  this 
curvature  to  the  graduating  curve — should  therefore  be  substituted. 
The  nearly  horizontal  position  of  the  regression  line  may  make  an 
accurate  transfer  of  the  regression  curve  to  the  graduating  curve 
difficult.  To  overcome  this  difficulty  it  may  be  desirable  to  copy 
both  regression  line  and  curve  on  to  a  new  graph  in  which  a  much 
larger  vertical  (and  smaller  horizontal)  scale  is  used,  thus  steepening 
the  lines  and  facilitating  the  reading  of  their  intersections  with  the 
with  the  horizontals  of  the  cross-section  paper. 

ASSUMED  CHARTS 

The  initial  ctart  for  each  of  the  problems  presented  in  these  pages 
has  been  based  on  a  regression  equation,  and  is  often  radically  changed 
in  the  subsequent  steps. 
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Figure  32. — A,  Curves  of  bark  thickness  resulting  from  use  of  assumed  alinement  chart;  B,  curves 
of  bark  thickness  resulting  from  use  of  correlation  alinement  chart 


The  radical  nature  of  these  changes  suggests  the  possibility  of 
starting  with  an  assumed  chart,  thus  eliminating  the  linear  correlation 
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step.  Varying  success  will  attend  such  procedure,  and  the  validity 
of  the  final  results  can  seldom  be  checked  except  by  comparing  with 
those  derived  from  a  chart  based  on  a  multiple  regression  equation. 
There  is,  then,  little  to  be  gained  by  such  procedure.  The  possibility 
of  serious  error  from  the  use  of  haphazardly  assumed  charts  can  be 
illustrated  by  the  following  example,  in  which  bark  thickness  at  stump 
is  correlated  with  breast-high  diameter  and  total  height.  A  multiple 
regression  equation  was  computed  to  be — 

Bark  thickness  =  0.0598  Xd.  b.  h.- 0.0054  X  height +  0.481 

An  assumed  chart  was  prepared  with  the  height  scale  purposely 
made  positive  in  sign  to  test  the  method.  A  comparison  of  the  final 
curves  shown  in  Figure  32,  A  and  B,  will  show  that  those  originating 
in  a  correlation  are  far  more  reasonable  than  those  obtained  with 
the  assumed  chart.  The  high  intercorrelation  between  breast-high 
diameter  and  total  height,  together  with  the  relatively  small  variation 
with  height,  combine  to  make  difiicult  the  definition  of  the  correct 
relationship. 

INITIAL  CORRECTIONS 

In  each  of  the  illustrative  examples  given,  the  first  correction  for 
curvature  was  made  for  the  independent  variables.  It  has  been  stated 
that  a  quicker  development  and  stabilization  of  curvature  sometimes 
results  when  the  dependent  variable  is  corrected  for  curvature  first. 
This  was  true  in  a  study  defining  the  relation  between  board-foot  and 
cubic-foot  ratio  of  trees  and  their  breast-high  diameter  and  total 
height.  In  one  such  study  the  number  of  estimates  necessary  was 
reduced  from  five  to  three  by  correcting  the  dependent  variable  first. 
Quite  naturally,  also,  each  of  the  curves  was  better  defined  than  those 
secured  when  the  independent  variables  were  corrected  first.  Un- 
fortunately, it  is  not  possible,  without  previous  experience  with 
problems  of  the  same  kind,  to  tell  which  type  of  correction  should  be 
applied  first. 

USE  OF  KNOWLEDGE  OF  CURVE  FORM 

In  connection  with  another  study  of  the  relation  between  the 
board  foot — cubic-foot  ratios  and  breast-high  diameter  and  total 
height,  an  interesting  example  occurred  of  the  use  of  knowledge 
of  curve  form.  It  can  be  deduced  from  a  comparison  of  the  board- 
foot  contents  of  logs  with  their  cubic-foot  volumes  that  the  board 
foot-cubic  foot  ratio  will  increase  rapidly  with  an  increase  in  the 
small  diameters,  and  less  rapidly  with  an  equal  increase  in  the  large 
diameters,  becoming  nearly  constant  for  very  large  logs  but  in  no 
case  showing  a  decrease.  This  should  also  hold  true  for  trees,  except 
that  the  ratio  will  be  slightly  lower  because  of  the  small  top  log 
always  present  and  because  of  the  top  itself,  which  has  no  board-foot 
volume. 

First-estimate  residuals  for  diameter  breast  high  as  computed  and 
plotted  about  the  original  graduating  curve  are  shown  in  Figure  33. 
The  curve  indicated  has  a  sag  in  the  center,  and  therein  is  unlike 
what  the  true  curve  is  known  to  be.  Accordingly  the  fitted  curve 
(though  correctly  balanced)  ignores  this  sag  and  assumes  a  contin- 
uously rising  curve  of  regularly  decreasing  slope. 


72        TECHNICAL  BULLETIN   210,  U.  S.  DEPT.  OF  AGRICULTURE 

By  ignoring  this  sag  the  final  curves  were  obtained  with  only 
five  estimates,  as  against  the  seven  required  when  the  sag  was 
incorporated. 
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Figure  33.— Because  of  what  is  known  of  curve  form  the  sag  in  the  regresiion  line  indicated  by 
the  residuals  over  d.  b.  h.  has  been  ignored,  and  a  continuously  rising,  balanced  curve  was 
drawn  through  the  points.    The  correctness  of  this  treatment  is  confirmed  by  the  final  curve 

RESIDUALS  IN  TERMS  OF  AN  AUXILIARY  REGULAR  SCALE 

In  the  first  problem  presented  in  this  bulletin,  residuals  were 
measured  in  two  ways — (1),  in  terms  of  the  dependent  variable 
itself  (differences  between  measured  and  estimated  values),  and  (2) 
for  the  final  correction,  in  terms  of  an  auxiliary  regular  scale.  This 
second  type  of  measurement  was  necessary,  as  was  explained, 
because  of  the  variable  spacing  of  the  final  graduations  for  the  depend- 
ent variable,  which  would  not  permit  adding  the  correcting  regression 
equation  to  the  final  chart.  Similar  situations  occur  wherever  the 
dependent  variable  scale  is  modified  after  an  estimate,  and  the 
measurement  of  all  residuals  by  a  regular  scale  might  seem  advisable. 
In  some  problems  such  a  procedure  is  advisable  and  assures  better 
results.  In  other  cases  the  reverse  is  true,  as  in  the  dextrose  problem. 
This  is  shown  in  Table  11,  which  lists  the  standard  errors  resulting 
froni  the  use  of  each  of  the  two  types  of  measurement  of  residuals. 
Obviously,  the  better  results  were  got  when  the  residuals  were 
measured  in  terms  of  the  dependent  variable.  This  table  also  lists 
the  standard  errors  resulting  from  both  types  of  treatment  of  the 
first  problem.  Here,  the  measurement  of  the  residuals  in  terms  of  an 
auxiliary  regular  scale  gave  decidedly  better  results. 


CORRELATION   ALINEMENT   CHARTS   IN   FOREST   RESEARCH       73 


Table  11. — Comparison  of  standard  errors  of  successive  estimates  in  problems  in 
which  residuals  were  measured  (1)  in  terms  of  the  dependent  variable,  and  (2)  in 
terms  of  an  auxiliary,  regular  scale 


A.  DEXTROSE  PROBLEM 


Residuals  in  terms  of— 

Standard  errors  of  successive  estimates 

First 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Dependent  variable                  - 

13.94 
13.94 

12.17 
12.23 

6.22 
5.81 

5.67 
8.07 

5.56 
7.23 

5.42 
6.89 

5.42 
7.15 

7.24 

B. 

PROBLEM  (page  22):  (f  )'-Vx+10  log  F 

1.14 
1.14 

.50 
.50 

.48 
.48 

.36 
.36 

.33 
.29 

.28 
.22 

.27 
.21 

.24 

Regular  scale                       .  . 

1  Note  the  increase  in  standard  error  in  the  fourth,  seventh,  and  eighth  estimates. 

A  third  course  is  to  measure,  not  individual  deviations,  but  class- 
average  deviations  in  terms  of  the  auxiliary  regular  scale.  This  may 
be  particularly  desirable  when  using  correction  distances,  since  the 
correction  distance  is  a  constant,  times  the  length  of  scale  covered 
by  one  unit  of  the  dependent  variable.  When  this  unit  length  is 
changed  by  modifying  the  scale,  the  correction  distance  changes  also. 
It  is  more  logical,  therefore,  when  using  correction  distances,  to 
measure  the  residuals  in  terms  of  the  scale  unit  on  which  the  correc- 
tion distances  are  based,  although,  as  indicated  by  the  footnote  on 
page  53,  better  results  may  often  be  obtained  by  applying  correction 
distances  to  the  residuals  in  terms  of  the  dependent  variable. 

Any  convenient  scale  may  be  used  for  measuring  these  residuals, 
but  since  the  original  scale  of  the  chart  is  regular  and  already  at  hand 
it  may  be  more  desirable  to  use  it  in  preference  to  another.  The 
first-estimate  residuals  in  terms  of  this  regular  scale  are  then  identical 
with  the  residuals  in  terms  of  the  dependent  variable. 

No  method  has  been  discovered  of  foretelling  which  treatment  is 
superior.  The  only  possible  procedure  is  to  adopt  one  at  random 
and  watch  the  results  closely.  If  the  improvement  is  unduly  small, 
especially  when  the  curvature  is  great,  one  of  the  others  should  be 
substituted. 

FIELD  OF  APPLICATION 

The  field  of  application  of  the  method  presented  in  these  pages  is 
wide.  It  includes  all  branches  of  forest  research  in  which  quantita- 
tive measurements  are  made,  wherever  more  than  two  variables  are 
involved,  and  wherever  curvilinear  relations  are  suspected.  It  would 
be  impossible  to  list  all  or  even  a  large  proportion  of  the  problems 
which  may  be  solved  by  this  technic,  and  it  must  suffice  to  point  out 
a  few  scattered  types. 

The  various  examples  already  illustrated  show  certain  apphcations ; 
possibiHties  exist  for  applying  it  to  physiological  studies,  in  associa- 
ting cell-sap  density  or  osmotic  pressure  with  site  quality,  soil  and 
air  temperatures,  soil  moisture,  and  position  of  samples  in  trees  in 
absolute  or  percentage  units  of  height;  resin  flow  may  be  related  to 
size  and  age  of  tree  and  to  climatic  factors;  viabihty  of  seed,   as 
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affected  by  size,  weight,  age,  and  storage  temperatures,  may  be 
studied ;  germinative  capacity  of  seed  may  be  related  to  size  and  age 
of  tree  and  site  quality,  or  to  length  of  storage,  depth  of  planting,  rain- 
fall, and  temperature. 

In  nursery  practice,  size  of  plants  may  be  related  to  amount  of  fer- 
tilizer or  other  chemicals,  amount  of  water,  and  growing  space. 

In  fire  studies  the  method  may  be  useful  in  associating  rate  of  spread 
with  atmospheric  and  fuel  conditions,  or  in  predicting  inflammability 
(fuel  moisture)  from  atmospheric  conditions. 

Skidding  time,  or  cost,  in  logging  studies  may  be  correlated  with 
log  diameter,  length,  and  skidding  distance,  or  sawing  time  in  the  mill 
may  be  correlated  with  size,  amount  of  defect,  etc. 

In  pulp  and  paper  investigations,  yields  or  breaking  strength  may 
be  related  to  composition  of  liquor,  temperature,  pressure,  duration 
of  cook,  percentages  of  species  or  types  of  pulp,  etc. 

Correlation  methods  have  been  used  so  much  in  economic  studies 
that  the  place  of  this  method  in  forest  economics  is  obvious.  Many 
economics  problems,  however,  require  the  correlation  of  time  series, 
which,  as  noted  before,  require  extreme  care. 

When  to  use  the  method  can  be  decided  only  after  consideration  of 
the  kind  and  characteristics  of  the  data  available.  In  3- variable 
problems,  where  the  curves  are  similar  in  form,  and  where  there  is  no 
intercorrelation  between  the  independent  variables,  as  in  yield  tables, 
the  use  of  anamorphosis  or  other  analogous  methods  will  give  results 
more  quickly. 

In  connection  with  controlled  experiments,  the  value  of  the  method 
is  not  always  sufficient  to  warrant  its  use.  If  the  results  are  erratic, 
however,  it  may  pay  to  use  it  as  a  smoothing  medium,  as  in  the  dex- 
trose problem,  and  for  ease  of  estimating,  as  well  as  for  interpreting 
the  results. 

CRITERIA  OF  APPLICABILITY 

The  criteria  by  which  to  judge  the  possibilities  for  solution  of  any 
particular  problem  by  this  method  are  not  rigid.  The  initial  aUena- 
tion  coefficient  gives  some  indication,  but  must  not  be  given  too  much 
weight.  For  instance,  in  a  taper-curve  problem,  obtaining  diameters 
at  any  point  from  percentage  height  of  the  point,  diameter  breast 
high,  and  total  height,  the  alienation  coefficient  was  only  0.354. 
This  was  low,  but  the  regression  equation  represented  the  best- 
fitting  cones,  and  obviously  was  not  a  good  fit  of  the  data,  although, 
as  a  starting  point  for  further  investigation,  it  is  quite  satisfactory. 

On  the  other  hand,  a  high  alienation  coefficient  between  the 
variables  may  not  prevent  a  satisfactory  solution.  In  the  construc- 
tion of  a  cubic-foot  volume  table  from  correlated  form  factors  the 
alienation  coefficient  was  0.929  and  the  final  aUenation  index  was  only 
reduced  to  0.909.  The  resulting  volume  table  was  satisfactory 
because  the  range  of  form  factor  values  was  very  small  (aS'Z?  =  0.0432). 
Since  the  volume  of  a  tree  is  determined  chiefly  by  its  height  and 
diameter  (volume  =  height  X  basal  area  X  form  factor)  a  small  varia- 
tion in  form  factor  produces  only  a  small  change  in  volume.  In 
other  words,  the  form  factors  are  used  here  merely  to  compute  vol- 
umes and  have  no  other  significance.  It  is  proper,  therefore,  to 
measure  accompUshment  by  the  final  alienation  index  in  volume 
rather  than  in  form  factor.     If  this  is  done  a  value  which  is  very 
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much  lower  (approximately  0.099,  instead  of  0.909  for  form  factor)  is 
obtained. 

Experience  and  good  judgment  will  help  a  great  deal  to  decide 
what  procedure  should  be  followed,  and  good  judgment  must  be  exer- 
cised at  all  times  to  avoid  dogmatic  acceptance  of  unreasonable 
results.  The  nature  of  such  results  may  suggest  the  possibility  of 
using  cumulations,  ratios,  logarithms,  etc.,  which  may  very  possibly 
clear  the  situation.  Converting  the  original  data  and  working  entirely 
with  logarithms  may  give  the  proper  answer  in  those  cases  where 
deviations  are  more  nearly  constant  percentages,  rather  than  constant 
absolute  values. 

SUMMARY 

Purely  graphic  methods  are  inadequate  for  the  solution  of  many 
forestry  problems.  They  are  too  dependent  on  the  judgment  of  the 
investigator,  have  led  to  serious  errors,  and  as  ordinarily  applied  yield 
results  which  are  unchecked  as  to  accuracy  and  unappraised  as  to 
accomplishment.  They  are  inapplicable  to  cases  involving  more 
than  three  variables,  and  even  where  three  are  involved  they  demand 
enormous  numbers  of  data  in  order  to  produce  fairly  satisfactory 
results. 

The  concepts  of  the  modern  science  of  statistics  may  be  applied 
to  graphs  and  curves.  By  this  means  a  large  gain  in  accuracy 
over  the  familiar  graphic  processes  may  be  obtained.  The  common 
statistical  processes,  however,  are  too  rigid  in  their  assumptions  to 
be  useful  in  many  forestry  problems. 

The  curvilinear-correlation  method  combines  graphic  and  statistical 
technic.  The  former  contributes  flexibility,  the  latter  accuracy. 
The  basic  assumptions  are  so  generalized  that  a  very  wide  range  of 
problems  may  be  solved  by  it,  yet  the  results  are  rigorously  checked 
and  appraised.  It  permits  a  solution  of  many  problems  previously 
considered  insoluble  on  account  of  complexity  or  number  of  data 
required. 

The  computations  seem  laborious,  but  the  extra  work  involved  in 
the  ofiice  is  often  fully  compensated  by  the  reduction  in  the  number 
of  field  data.  Where  this  compensation  is  only  partial  the  greater 
total  labor  of  the  new  method  is  fully  repaid  by  the  better  results 
obtained  and  by  an  accurate  knowledge  of  what  has  been 
accomplished. 

The  technic  has  numerous  variations.  A  careful  choice  should  be 
made  among  them,  dependent  on  the  peculiarities  of  the  problem 
being  studied.  It  follows  that  tliis  technic  does  not  lend  itself  to 
mechanical  handling.     IntelUgent  alertness  is  an  essential  to  success. 

The  final  result  is  in  the  form  of  an  alinement  chart.  While  a  table 
or  tables  may  and  doubtless  will  be  read  from  this,  the  chart  is  an 
exceedingly  compact  method  of  presenting  a  complex  relation.  It  is 
particularly  convenient  where  many  interpolations  would  be  necessary 
if  the  tabular  form  were  substituted. 
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APPENDIX 

SHORT-CUT  METHODS 

STATISTICAL  MEASURES 

Many  of  the  computations  involved  in  the  methods  which  have  been  discussed 
are  formidably  laborious,  particularly  where  large  numbers  of  data  are  used. 
Fortunately,  numerous  short-cut  methods  have  been  devised.  These  have  not 
previously  been  described  because  to  do  so  would  have  merely  confused  the 
reader  who  had  not  yet  gained  an  adequate  comprehension  of  the  principles 
involved.  The  formulae  used  heretofore  are  simpler  to  understand,  while  the 
short-cut  formulae  are  easier  to  apply. 

It  is  not  necessary  to  list  here  all  the  abridged  methods  which  have  been  devised, 
and  only  those  which  are  most  useful  to  forestry  workers  will  be  given.  Three  of 
these  are  based  on  the  following  identities — 

Sum  <Px=Sum  X^-NM^x 

_Ar(SumXg)-Sum'Z  ______ 

—  j^  C-X.iv> 

and — 

Sum  (dxdr)  =Sum  XY-NMxMy 

_N(Sum  XY)-{Sum  X)(Sum  Y)  .^vx 

N  ^^^^ 

where,  as  before,  X  and  Y  are  two  variables,  Mx  is  the  mean  value  of  X,  My  is 
the  mean  value  of  Y,  while  dx  and  dy  signify  the  deviations  of  the  values  of  X 
and  y,  respectively,  from  their  means.  The  formulae  which  have  previously 
been  used  for  standard  deviation,  alienation  coefficient,  and  the  regression  equa- 
tion may,  therefore,  be  modified  as  follows — 
Standard  deviation  (p.  7) — 


5D,=^Sum^ - - (II) 


Substituting  from  equation  XIV- 


VA^(SumX2)-Sum2  X 
Regression  equation  (p.  10) 


SDx=^ "'"■''"  ^'     """'  " (XVI) 


^=^^+l^^(^-^-> (^ 

Substituting  from  formulae  XIV  and  XV — 

Ar(Sum  XY)- (Sum  X) (Sum  Y)  ^x-Mr)  fXVID 

Y-My+  iV(SumX2)-Sum2X  ^^     ^'^ {^\n} 

Alienation  coefficient  (p.  12) — 

ACxy-y  l-(g^^  d2^)(Sum  d^y) (^^> 

Substituting  from  formulae  XIV  and  XV — 

Ar     -    /.  [Ar(Sum  XY)-(Sum  X)(Sum  F)]»  rvvTin 

ACxr-y  1    [^(Sum  X2)-Sum2X][A^(Sum  n_Sum«]n  —^-^^^^^y 

Correlation  coefficient  (p.  8) — 

CCxY=-y/l-{ACxYy -_.(IV) 

AT  (Sum  XY)-  (Sum  X)  (Sum  Y)  ^,^ 

V[iV(Sum  Xa)-Sum»X][Ar(Sum  F»)-Sum»rj ^         ' 

It  will  be  observed  that  the  revised  equations  XVI  to  XIX  contain  but  a  few 
basic  quantities,  which  are  combined  in  different  ways.  This  means  that  a 
single  calculation  can  be  performed  which  will  yield  the  basic  values  necessary 
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for  the  computation  of  standard  deviation,  alienation  coeflBcient,  and  the  regres- 
sion equation.  These  basic  values  are  the  sums  of  each  variable,  their  means, 
the  sums  of  the  squared  variables,  and  the  sums  of  their  products  when  multiplied 
together  in  pairs. 

As  an  example,  the  new  formula  will  be  used  in  connection  with  the  material 
presented  in  Table  3.     Table  12  illustrates  the  short-cut  method. 

Table  12. — Short-cut  method  of  calculating  standard  deviations,  regression  equation, 

and  alienation  coefficient 


Meas- 

Meas- 

Age-(X) 

ured 

d.b.h.- 

(Y) 

XY 

X2 

Y3 

Age-(X) 

ured 

d.b.h.- 

(Y) 

XY 

Xi 

Y» 

(1) 

(2) 

(3) 

(4) 

(5) 

(1) 

(2) 

(3) 

(4) 

(5) 

15 

6.0 

90.0 

225 

36.00 

66 

22.1 

1,458.6 

4,356 

488.41 

19 

9.7 

184.3 

361 

94.09 

75 

22.0 

1, 650. 0 

5,625 

484.00 

22 

10.5 

231.0 

484 

110.  25 

75 

24.0 

1,800.0 

5,625 

576.00 

25 

14.0 

350.0 

625 

196.00 

81 

25.0 

2, 025. 0 

6,561 

625.00 

29 

12.7 

368.3 

841 

161.29 

88 

25.0 

2,200.0 

7,744 

625.00 

34 

16.5 

561.0 

1,156 

272.  25 

89 

23.5 

2, 091.  5 

7,921 

652. 25 

43 

18  0 

774.0 

1,849 

324.00 

91 

25.1 

2,284.1 

8,281 

630. 01 

45 

19.5 

877.5 

2,025 

380.  25 

100 

24.5 

2,450.0 

10,000 

600.25 

62 

21.0 

1,092.0 

2,704 

441.00 

55 

19.0 

1,045.0 

3,025 

361.00 

1,127 

384.6 

24, 397. 3 

76,  997 

8,039.30 

58 
65 

22.5 
24.0 

1,305.0 
1,  560. 0 

3,364 
4,225 

506.  25 
576.00 

56.35 

19.23 

1, 219. 86 

^^^^V20(76997)-(1127)^^^^^^^^ 


SDy= 


20  — .-    [^ 

V20(8039.30)  -  (384.6)f  _g  g,j,2 1 " 


(XVI) 


20 


(20)  (24397.3)  -  (1127)  (384.6) 


Y    19.23-1-         (20)  (76997) -(1127)^ 
=  19.23-H0.202  (X-56.35) 
=  0.202X4-7.85 


(X-56.35) (XVII) 


AC: 


-^~, 


[(20)  (24397.3)  -  (1127)  (384.6) P 


[(20)  (76997) 
=Vl-0.8555 
=  0.380 


(1127)2]  [(20)  (8039.30)  -  (384.6)= 


.  (XVIII) 


Where  these  short-cut  methods  27  are  used,  the  standard  errors,  coefficients  of 
correlation,  etc.,  may  readily  be  derived  from  the  standard  deviations  and  alien- 
ation coefficients. 

The  time  saved  by  this  procedure  is  obviously  considerable,  since  the  individual 
deviations  need  not  be  computed.  The  slightly  greater  complexity  of  the 
formulas  themselves  is  negligible  where  any  considerable  number  of  data  are 
involved.  The  seven  columns  of  Table  3  have  been  reduced  to  the  five  col- 
umns of  Table  12.  To  offset  this  advantage,  in  part,  the  actual  figures  handled 
have  become  larger.  Furthermore,  the  number  of  significant  figures  which  must 
be  retained  has  increased.  It  will  be  noted  that  each  of  the  new  formulae  involves 
the  subtraction  of  one  large  number  from  another  in  one  or  more  instances. 
These  large  numbers  may  be  nearly  the  same  in  value,  and  where  this  is  the  case, 
one  or  more  of  the  left-hand  digits  disappears.  In  addition,  the  process  of  extract- 
ing the  square  root  cuts  the  number  of  significant  figures  about  in  two.  As  a 
result,  it  is  often  necessary  to  retain  six  or  seven  significant  figures  in  the  early 
parts  of  the  computation  in  order  to  insure  accuracy  to  two  or  three  figures  in 
the  values  sought.  The  slide  rule  is  therefore  not  suitable  for  work  of  this 
nature,  and  a  good  calculating  machine  is  almost  essential  to  efficiency.  Where 
very  large  numbers  of  data  are  involved,  a  great  saving  in  time  can  be  made  by 
the  use  of  electrical  tabulating  machinery. 

The  use  of  machines  effects  a  considerable  saving  in  the  computation  of  regres- 
sion equations.     If  a  calculating  machine  with  the  carry-over  feature  in  the  result 


^  Another  short-cut  method  of  computing  standard  deviations  is  described  in  Croxton  (6). 
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dial  is  available,  as  in  certain  models  of  the  best-known  makes,  the  sums  of  X, 
X^,  and  XY,  or  similar  combinations  can  be  obtained  at  one  operation. 

To  do  this  put  Y  in  the  left-hand  side  of  the  keyboard,  X  in  the  right-hand 
side,  and  multiply  by  X,  thus  entering  YXX  and  XXX  or  X^  in  the  carriage 
dial,  and  X  in  the  result  dial.  Do  not  clear  these  dials.  Enter  each  item  in 
the  same  manner  and  when  all  items  have  been  thus  entered  the  carriage  dial 
will  contain  Sum  (YXX)  and  Sum  (X^),  and  the  result  dial  will  show  Sum  (X). 

For  a  3-variable  problem  involving  X,  Y,  and  Z,  three  such  sets  of  sums  are 
required.     These  may  be  taken  for — 

(1)  Sum  (X),  Sum  (X*),  and  (first  run),  Sum  (XY),  or  (check  run)  Sum  (XZ); 

(2)  Sum  (Y),  Sum  (Y^),  and  (first  run),  Sum  (YZ),  or  (check  run)  Sum  (YX); 

(3)  Sum  (Z),  Sum  (Z'),  and  (first  run),  Sum  (ZX),  or  (check  run)  Sum  (ZY). 

PUNCHED-CARD    TABULATING    EQUIPMENT 

Those  who  have  punched-card  tabulating  equipment  (34,  p.  94)  available  will 
be  able  to  materially  reduce  the  amount  of  labor  involved  in  computing  the 
regression  equation  when  a  large  amount  of  data  are  involved.  About  200  to 
250  items,  to  be  sorted  at  least  three  times,  is  the  smallest  amount  which  will 
be  handled  by  this  equipment  with  any  saving  in  time.  Large  groups  of  data, 
especially  if  more  than  three  variables  are  involved,  are  handled  at  a  very  great 
saving  of  time  and  effort. 

A  special  technic  for  using  this  equipment  in  correlation  problems  has  been 
devised.28  This  technic  calls  for  the  used  of  coded  values,  thereby  permitting 
the  use  of  automatic  checks  throughout  the  progress  of  the  computations. 


Coding  is  frequently  used  in  mechanical  and  other  methods  to  reduce  the  size 
of  large  numbers,  as  well  as  to  permit  the  use  of  the  checking  system  mentioned 
above. 

By  subtraction,  division,  or  both,  and  rounding  off,  the  values  are  reduced  to 
a  small  series  of  whole  numbers,  preferably  ranging  from  0  to  about  15.  A  range 
as  small  as  from  0  to  10  or  as  large  as  from  0  to  30  is  satisfactory.  Coding  is  essen- 
tially a  grouping  of  the  values  into  numbered  classes  in  such  a  way  that  the 
grouping  may  be  expressed  algebraically.  For  example,  in  the  bark-thickness 
problem  on  page  64,  diameter  ranged  from  4  to  15  inches,  covering  12  inch- 
classes.  These  numbers  may  be  reduced  in  size  by  subtracting  four  from  each 
class,  the  coded  classes  then  ranging  from  0  to  1 1 .    The  coding  may  be  expressed — 

Coded  d.  b.  h.  =  d.  b.  h.  (nearest  inch)  — 4. 

Total  height  ranged  from  25  to  90.  When  each  height  is  reduced  by  25,  the 
range  becomes  0  to  65.  This  can  further  be  divided  into  sixteen  4-foot  classes. 
The  coding  can  be  expressed — 


/-t  J  J  i.  X  1  u  •  ux     Total  height  — 25 
Coded  total  height" j^ 


Easily  handled  subtrahends  and  divisions,  for  easy  mental  calculation  of  coded 
values,  should  be  used.  The  accuracy  of  the  work  is  in  no  wise  affected  when 
data  are  coded  by  subtraction.  Accuracy,  however,  is  affected  to  some  extent  by 
coding  by  division,  the  accuracy  decreasing  as  the  divisor  increases.  The  errors 
involved  are  similar  to  those  resulting  from  measuring,  for  example,  diameters  to 
the  nearest  inch,  or  nearest  even  inch.  The  inaccuracies  involved  are  not  great, 
but  should  be  given  consideration  in  preparing  the  data.  In  no  case  should  there 
be  less  than  10  coded  classes  for  any  variable. 

AVERAGE  ERROR 

When  the  data  are  numerous  enough  to  justify  the  use  of  special  equipment  it 
is  also  justifiable,  in  general,  to  use  the  average  error  rather  than  the  standard 
error  to  follow  the  improvement  with  each  approximation.  The  following  short 
cut  may  be  used  in  computing  this  value. 

Total  separately  the  measured  and  estimated  values  of  all  items  for  which  the 
measured  value  exceeds  or  equals  ^  the  estimated  value.  The  difference  between 
these  totals  is  the  sum  of  the  positive  deviations. 

w  Smith,  B.  B.  the  use  of  punched-card  tabulating  equipment  in  multiplb  correlation  prob- 
lems.   U.  S.  Dept.  of  Agr.  Bur.  Agr.  Econ.  1923,    [Mimeographed.] 

"  Those  which  are  equal  could  be  omitted  entirely  or  Included  in  the  next  step,  without  afTectlng  th« 
average  error  in  absolute  units,  but  are  necessary  if  the  average  error  or  aggregate  deviation  is  to  be  com- 
puted as  a  percentage  of  the  mean  value  of  the  variable. 
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Repeat  for  items  in  which  the  measured  values  are  less  than  the  estimated. 
The  sum  of  the  negative  deviations  is  thus  obtained. 

The  sum  of  the  positive  and  negative  deviations,  disregarding  signs,  divided 
by  the  total  number  of  items  is  the  average  error  (AE).  The  two  totals  of  meas- 
ured values  obtained  above  may  be  summed  to  obtain  an  aggregate  of  the 
measured  values,  and  similarly  the  aggregate  of  estimated  values  may  be  obtained. 
Aggregate  estimated  minus  aggregate  measured  gives  the  aggregate  deviation 
(observe  sign)  in  the  units  used.  This  value,  divided  by  the  aggregate  estimate 
and  multiplied  by  100  gives  the  aggregate  deviation  per  cent. 

AVERAGE    DEVIATION    FROM    THE    MEAN 

A  method  somewhat  analogous  to  that  used  for  determining  the  average  error 
may  be  used  to  compute  the  average  deviation  (AD)  as  follows: 

Determine  the  rcean.  Sum  the  items  greater  than  the  mean.  Multiply  the 
number  of  such  items  by  the  mean  and  subtract  the  product  from  the  sum 
determined  above.  Double  the  difference  and  divide  by  the  total  number  to 
obtain  the  average  deviation. 

SYMBOLS 

There  is  no  universally  accepted  system  of  symbols  for  statistical  measures* 
Systems  most  widely  used  have  employed  Greek  letters,  but  these  are  inconvenient 
where  the  study  is  to  be  written  up  on  the  typewriter.  Throughout  this  bulletin 
initial  letters  have  served  as  symbols.  Their  advantages  are  that  they  are 
easily  remembered  and  that  they  can  be  employed  in  typewritten  manuscripts 
without  inconvenience. 

The  symbols  employed  in  this  bulletin  are  listed  below  with  their  common 
equivalents.    Alternative  designations  are  given  in  parenthesis. 


Symbol 

Designation 

Equivalent 

AC 

Alienation  coefficient 

k. 

ACxY. - 

[Alienation  coefficient  between  Xand  Y.    

(It 

AD./"".:::""::: 

AE 

Average  error         .                                         ...... 

AI 

Alienation  index 

Bxr 

Partial  regression  coefficient  of  Xon  Y 

fiir. 

Byx 

Partial  regression  coefficient  ofY^onX                                            

Pyx. 

cc?::::::::::::::::: 

r. 

CCXY—      .    . 

■Correlation  coefficient  between  Xand  Y                                         

(rxY. 
tyx. 

Correlation  index    . .. 

cz:^:::::::': : 

P 

Clxr - 

jcorrelation  index  between  Xand  Y. 

(Pxr. 
[Pyx. 

Deviation  from  mean                                                           

d 

dx - 

e -  _  .  .  . 

Residual  (error,  or  deviation  of  individual  item  from  curve) 

ei,  a 

Residual  of  first  second  estimate                                             

ex,  c/(x) 

X,  /u;- 

Arithmetic  mean                                                          

Mx — 

N    

n. 

SD 

Standard  deviation                                                        

ffor  ». 

SDx - 

ffx  or  8x. 

SDm 

S. 

SE 

Standard  error  (standard  deviation  about  curve)        ..  .  

Sum(    ) 

S(    ). 

Sum2(    ) 

S'(    ). 

Sumf    ■)' 

Sum  of  squares  of  all  values  of  symbol  which  follows 

S(    )». 

FORMULAE 

Standard  error  (p.  6) — 

S£=^S^ _____ _^ (I) 

standard  deviation  (p.  7) — 

SD^-y/^^ (II) 

Alienation  index  (p.  8) — 

Ai=^ . ail) 
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Correlation  index  (p.  8) — 

c/=Vi-(A/)2 (IV) 

Regression  equation  (p.  10) — 

^=^^  +  '^i^^(^-^^) (V) 

Alienation  coefficient  (p.  12) — 

4r     —    li  Sum"  dxdy  ..... 

Multiple  regression  equation  (p.  16) — 

W=Mw+Bwx^{X-Mx)  +  Bwy^{Y-My) (VII) 

Normal  equations — three  variables  (p.  17) — 

^wx  +  CCxyBwy  =  CCwx\  /^vttt    A^ 

CCyxBwx  +  Bwy  =  CCwYl— (VIII-A) 

Normal  equations — four  variables  (p.  17) — 

Bwx-\-CCxYBwy-{-CCxzBwz'=CCwx] 

CCyxBwx  +  BwY+CCyzBwZ=CCwY\ (VIII-B) 

CCzxBjfrx-hCCzYBwY-]-Bwz=  CCwz) 

Alienation  coefficient  (p.  18) — 

ACw(xYz--)  =  -yJl-{BwxCCwx+BwYCCwY+BwzCCwz+ ) (IX) 

Alinement  chart  formulae  (pp.  41-42) — 

U=Lf{     ) _ _ (X) 

^-z^ (^i) 

§Y=lfy (XII) 

Correction  distances  (p.  50) — 

XV 
cor.  X=~yLz (XIII-A) 

cor.  Y=^Lz (XIII-B) 

Shortcut  formulae  (pp.  76) — 

Sumd^.=^<g""'^;)-g"'"'^.,., (XIV) 

Sum  fedr)=^'^"'°  ^^^-(8"'"  3:)(Sum  Y) ^^^ 

so^^^jmmJ^.=s^x ...:.......(xvi) 

Regression  equation  (p.  76) — 

y  _  ,,    ,  Ar(Sum  Xr)-(Sum  X)  (Sum  Y)  .y     ^.  .y^„. 

Y-^y-^ Ar(SumX2)-Sum»X i^-Mx) —  (XVII) 

AC.  =    li               [NjSum  XY)-{SumX)  (Sum  F)p  rXVTin 

^^xy     -y^      [iV(SumX2)-Sum2X][iV(Sum  F2)-Sum2r] ^^vm; 

rr  iV(Sum  XY)-  (Sum  X)  (Sum  Y) 

■^^    V[A^(Sum  X2)-Sum2X]  [iV(Sum  y»)-Sum2y] -(.aia; 
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INTRODUCTION 

That  soils  differ  in  the  quantity  of  organic  matter  they  contain  is 
common  knowledge.  That  they  may  differ  in  the  kind  of  organic 
matter  is  not  so  universally  recognized.  In  comparing  two  soils, 
differences  in  the  kind  of  organic  matter  may  be  demonstrated  by  at 
least  two  methods,  (1)  by  showing  the  presence  of  some  definite 
organic  compound  in  one  soil  and  its  absence  in  the  other,  and  (2)  by 
the  use  of  chemical  tests  that  are  known  to  indicate  the  presence  of 
certain  groups  of  compounds. 

The  first  method  is  necessarily  tedious  and  limited  in  its  appli- 
cation to  such  compounds  as  have  been  isolated  from  soils  and  for 
which  reasonably  standardized  methods  of  isolation  have  been  de- 
veloped. In  the  second  method  it  is  possible  to  apply  to  soils  the 
great  number  of  tests  and  reactions  known  to  organic  chemists  and 
biochemists  as  indicative  of  the  presence  or  absence  of  certain  classes 
or  groups  of  organic  compounds. 

In  applying  such  tests  it  is  necessary  to  take  into  consideration 
the  nature  of  the  material — soil,  a  complex  mixture  of  organic  and 
inorganic  material  very  different  from  that  for  which  most  of  the 
tests  were  designed.     Such  consideration  will  frequently  lead  to  im- 
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portant  modifications  of  the  tests  and  may  suggest  some  that  are 
new. 

In  this  bulletin  are  presented  results  obtained  in  the  application 
of  such  tests  that  are  suitable  for  showing  differences  in  the  kind 
of  orf^anic  matter  in  soils.  Some  of  these  tests  are  new  and  bring 
out  new  facts  regarding  the  organic  matter  of  soils;  many  are  new 
only  in  their  application  to  soils. 

DOES  THE  COLOR  OF  THE  HUMUS  EXTRACT  INDICATE  PHENOLIC 

COMPOUNDS? 

Extraction  of  a  soil  with  dilute  alkali,  sodium  hydroxide,  or  am- 
monia has  frequently  been  resorted  to  in  studies  oi  organic  matter. 
Such  extraction  yields  a  so-called  humus  extract  which,  except  for 
soils  almost  devoid  of  organic  matter,  ranges  from  light  yellow  to 
dark  brown  or  nearly  black. 

This  dark-colored  extract  suggests  that  obtained  when  phenolic 
compounds  are  treated  with  dilute  alkali  in  contact  with  air  or 
oxygen.  Although  phenolic  compounds  of  this  character,  if  intro- 
duced into  soils,  would  no  doubt  be  rapidly  oxidized  during  the  proc- 
esses of  decomposition  and  lose  any  property  that  would  cause  them 
to  give  a  solution  with  alkali  that  would  darken  on  exposure  to  the 
air,  soils,  as  will  be  shown  later,  absorb  oxygen  when  suspended  in 
a  solution  of  sodium  hydroxide.  For  this  reason  it  seemed  desir- 
able to  know  whether  this  absorption  was  associated  with  the  dark 
color  of  a  humus  extract. 

In  other  words,  would  a  humus  extract  be  lighter  in  color  if  made 
without  contact  with  air?  Should  such  be  the  case,  the  presence  of 
phenolic  compounds  would  seem  to  be  indicated,  and  their  presence 
or  absence  would  afford  a  means  of  showing  differences  in  the  soil 
organic  matter. 

To  determine  whether  the  humus  extract  would  be  lighter  if  made 
without  contact  with  air,  six  soils.  Everglades  peat  from  Florida, 
Lake  Mattamuskeet  peat  from  North  Carolina,  Caribou  loam  from 
Maine,  Hagerstown  loam  from  Maryland.  Houston  clay  from  Texas, 
and  sand  from  the  South  Carolina  sand-nill  region,  were  treated  as 
follows : 

Known  quantities  of  soil  were  treated  with  2  per  cent  sodium 
hydroxide  in  the  usual  way.  The  same  quantity  of  soil  was  agitated 
with  water  under  reduced  pressure,  the  usual  quantity  of  sodium 
hydroxide  was  then  added,  and  the  suspension  was  agitated  in  con- 
tact with  hydrogen  or  nitrogen.  The  colors  of  the  resulting  extracts 
were  compared  in  a  colorimeter.  In  no  case  was  the  extract  prepared 
in  contact  with  air  darker  in  color.  The  experiment  was  repeated, 
the  soil  being  given  a  preliminary  treatment  with  2  per  cent  nydro- 
chloric  acid  and  washed  free  of  acid  before  being  subjected  to  the 
action  of  alkali.  As  before,  there  was  no  increase  in  color  in  samples 
exposed  to  the  air. 

Since  in  six  soils  of  very  diverse  type  there  was  no  greater  depth 
of  color  in  a  humus  extract  in  contact  with  air  than  in  one  not  in  con- 
tact with  air,  it  seems  fair  to  assume  that  the  presence  of  phenolic 
compounds  that  give  a  dark  color  by  absorption  of  oxygen  in  alkaline 
solution  is  not  common  in  soils  and  that  treatment  such  as  that  de- 
scribed does  not  show  differences  in  respect  to  such  compounds  in 
soils. 
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MEASUREMENT  OF  ORGANIC  MATTER  BY  DEPTH   OF   COLOR  OF 

HUMUS  EXTRACT 

It  has  been  proposed  from  time  to  time  to  measure  the  quantity  of 
organic  matter  in  a  soil  by  comparing  the  color  of  the  humus  extract 
with  the  color  of  some  standard,  or  to  determine  the  relative  quanti- 
ties of  organic  matter  in  two  soils  by  comparing  the  depth  of  color 
of  the  humus  extracts. 

There  are  several  reasons  why  such  a  procedure  is  not  generally 
applicable.  In  the  first  place,  there  is  the  difficulty,  if  not  the  im- 
possibility, of  preparing  a  color  standard  that  represents  a  definite 
quantity  of  organic  matter.  Next,  the  fact  that  there  are  present  in 
soils  colorless  organic  compounds  that  do  not  yield  colored  solu- 
tions with  alkali  makes  it  impossible  to  gage  the  total  quantity 
of  organic  matter  by  the  depth  of  color  of  a  humus  extract.  Third, 
the  fact  that  the  humus  extract  represents  only  a  part,  and  usually 
an  unknown  part,  of  the  total  organic  matter  is  sufficient  to  make 
this  method  inapplicable  if  a  measure  of  the  total  is  desired.  Fourth, 
the  colors  of  the  humus  extracts  from  different  soils  frequently  are 
not  comparable;  that  is,  when  the  extracts  are  diluted  to  the  point 
where  they  can  be  compared  in  a  colorimeter  they  are  not  of  the  same 
shade.  In  the  six  soils  previously  mentioned,  this  was  true  in  the 
comparison  of  any  two,  and  especially  true  with  the  two  peats  and 
with  Caribou  loam  and  Hagerstown  loam.  When  the  humus  extracts 
of  two  soils  can  not  be  matched  in  color  or  shade,  it  may  be  assumed 
that  some  of  the  organic  constituents  of  the  soils  differ  in  character. 

ABSORPTION  OF  OXYGEN 

Though  the  dark  color  of  the  humus  extracts  is  not  due  to  the 
absorption  of  oxygen,  there  is  an  absorption  of  oxygen  by  a  suspen- 
sion of  soil  in  dilute  sodium  hydroxide,  and  a  carbonate,  presumably 
sodium  carbonate,  is  formed.  When  such  carbonate  is  formed  in 
excess  of  any  normally  present,  it  is  evident  that  carbon  for  its  for- 
mation can  come  only  from  a  breaking  doAvn  of  some  organic  con- 
stituents. The  realization  of  this  fact  suggests  several  lines  of 
inquiry.  What  compounds  or  class  of  compounds  in  the  soil  are 
thus  broken  down,  what  products  other  than  carbon  dioxide  are 
formed,  and,  finally,  what  is  the  rate  or  extent  of  this  change  and 
how  is  it  best  measured? 

The  first  two  queries  can  be  briefly  disposed  of  at  this  time  by 
stating  that  so  far  no  definite  information  has  been  obtained  regard- 
ing the  identity  of  the  compound  or  compounds  broken  down  or  of 
any  of  the  products  formed  other  than  carbon  dioxide. 

The  extent  of  the  breaking  down  of  soil  organic  matter  and  the 
resultant  formation  of  carbon  dioxide  has  been  studied  by  two 
methods.  In  the  first,  20  grams  of  soil  were  placed  in  a  flask  with 
200  cubic  centimeters  of  water  previously  boiled,  and  the  apparatus 
was  so  arranged  that  a  current  of  air  freed  of  carbon  dioxide  could 
be  passed  through  a  suspension  of  soil  in  water  in  such  a  way  as  to 
keep  it  agitated.  When  the  current  of  air  had  been  established, 
10  cubic  centimeters  of  a  saturated  solution  of  sodium  hydroxide  were 
added  and  the  passage  of  air  continued  for  some  predetermined 
time. 
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At  the  expiration  of  the  time  set,  a  train  for  the  absorption  of 
carbon  dioxide  was  placed  between  the  source  of  suction  and  the 
flask,  and  enough  dilute  sulphuric  acid  to  render  the  suspension  of  soil 
in  sodium  hydroxide  decidedly  acid  was  added.  The  passage  of  air 
was  continued  as  long  as  carbon  dioxide  was  evolved.  The  carbon 
dioxide  absorbed  in  the  train  was  determined  and  calculated  to  carbon 
percentage  of  soil.  Two  blank  determinations  were  made,  one  with 
soil  and  acid  without  previous  agitation  or  addition  of  sodium 
hydroxide  and  the  other  on  the  sodium  hydroxide  solution. 

Two  examples,  in  which  the  results  were  corrected  for  carbon 
dioxide  from  blank  determinations,  will  suffice  to  show  results 
obtained  in  this  way.  The  first  is  Caribou  loam  from  Maine — 2.95 
per  cent  organic  carbon — 20  grams,  200  cubic  centimeters  of  water, 
10  cubic  centimeters  of  saturated  sodium  hydroxide  solution,  through 
which  air  was  passed  for  five  hours;  the  contents  of  the  flask  were 
then  acidified,  and  air  passed  again  for  one  hour.  Carbon  dioxide 
equivalent  to  0.0264  gram  of  carbon  was  obtained.  This  is  0.132 
per  cent,  or  4.47  per  cent  of  the  total  carbon  in  the  soil.  The  second 
IS  peat  from  the  Everglades  of  Florida — 46.8  per  cent  carbon — 2 
grams,  200  cubic  centimeters  of  water,  10  cubic  centimeters  of  satu- 
rated sodium  hydroxide  solution.  Air  was  passed  through  it  for 
15  hours;  the  material  was  acidified;  and  air  was  again  passed 
through  it  for  two  hours.  The  carbon  dioxide  obtained  was  equiva- 
lent to  0.032  gram  of  carbon.  This  is  1.6  per  cent  of  the  peat,  or  3.4 
per  cent  of  the  total  organic  carbon. 

It  was  assumed  in  these  experiments  that  the  concentration  of 
sodium  hydroxide  in  the  soil  suspension  was  sufficient  to  preclude 
any  microbiological  activity  and  that  the  oxidation  was  purely 
chemical.  The  following  data  seem  to  support  this :  Caribou  loam, 
2.75  per  cent  carbon.  (1)  Blank — 20  grams  of  soil ;  175  cubic  centi- 
meters of  water;  10  cubic  centimeters  of  saturated  solution  sodium 
hydroxide,  acidified  at  once,  and  carbon  dioxide-free  air  passed  for 
one  hour.  The  carbon  dioxide  obtained  was  equal  to  0.0143  gram  car- 
bon or  0.071  per  cent.  (2)  Twenty  grams  of  soil;  175  cubic  centi- 
meters of  water;  10  cubic  centimeters  of  saturated  solution  sodium 
hydroxide.  Air  was  passed  for  six  hours,  acidified,  and  air  passed 
for  one  hour.  The  carbon  dioxide  obtained  was  equal  to  0.0488  gram 
carbon  or  0.244  per  cent  which,  deducting  that  in  the  blank,  gives 
0.173  per  cent.  (3)  Twenty  grams  of  soil,  175  cubic  centimeters  of 
water,  10  cubic  centimeters  of  saturated  solution  sodium  hydroxide 
were  allowed  to  stand  22  hours  without  agitation,  were  then  acidified, 
and  air  was  passed  for  one  hour.  The  carbon  dioxide  obtained  was 
equal  to  0.075  per  cent,  that  is,  was  practically  the  same  as  that  in 
the  blank. 

It  was  observed  in  using  this  apparatus  in  the  way  described  that 
exposure  to  sunlight,  as  passed  through  ordinary  wmdow  glass,  ac- 
celerated the  reaction,  wliich  was  very  slow  (almost  negligible  in 
some  cases)  when  carried  on  in  the  dark.  Further,  the  rate  of  flow 
of  air  naturally  was  a  factor  affecting  the  rate  of  oxidation. 

Difficulties  in  regulating  the  flow  of  air  in  the  apparatus  as  set  uj), 
so  that  it  would  be  the  same  for  any  duplicate  periods  of  time,  and 
the  fact  that  the  apparatus  did  not  ponuit  of  the  taking  of  samples 
for  the  purpose  of  determining  the  rate  of  the  reaction,  led  to  the 
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abandonment  of  this  method.  It  showed,  however,  that  all  the  soils 
examined  contained  some  organic  compoimd  or  compounds  that  broke 
down,  giving  sodium  carbonate  when  exposed  to  air  or  to  oxygen  in 
sodium  hydroxide  suspension,  and  that  soils  differed  in  quantity  of 
carbonate  formed. 

The  second  method  resorted  to  for  studying  this  reaction  was  as 
follows :  A  500-cubic  centimeter  Kjeldahl  flask,  fitted  with  a  stopper 
through  which  a  glass  tube  with  stopcock  was  passed,  was  connected 
by  rubber  tubing  to  a  gas-measuring  burette  with  leveling  bulb. 
The  flask  was  supported  by  a  clamp  midway  on  the  neck,  the  clamp 
rod  being  supported  in  a  bearing  and  having  at  its  outer  end  a  con- 
necting rod  that  was  attached  to  a  small  pulley  in  such  a  way  that  the 
rotation  of  the  pulley  swung  the  flask  from  side  to  side  through  an 
angle  of  about  30°.  Running  the  pulley  by  a  small  motor  at  a 
suitable  speed  imparted  a  "  slopping  "  motion  to  the  liquid  in  the 
flask.  The  procedure  followed  w^as  to  place  100  grams  of  soil  and 
250  cubic  centimeters  of  2  per  cent  sodium  hydroxide  solution  in  the 
flask,  to  evacuate  it  with  ordinary  laboratory  suction  (about  12  milli- 
meters) and  bring  it  to  atmospheric  pressure  again  by  allowing 
oxygen  to  run  into  the  flask.  Then,  the  flask  being  attached  to  the 
gas  burette,  agitation  was  begun  with  the  connecting  stopcock  closed. 
From  time  to  time  the  agitation  was  stopped,  the  stopcock  was 
opened,  and  the  volume  of  gas  absorbed  was  measured. 

Absorption  was  usually  rapid  at  first,  became  gradually  slower, 
and  usually  ceased  in  a  few  hours.  Dilute  sulphuric  acid  50  per  cent 
in  excess  of  that  required  by  the  sodium  hydroxide  was  then  added, 
agitation  was  resumed,  and  the  gas  given  off  (increase  in  volume) 
was  measured. 

Results  obtained  in  this  way  on  a  number  of  soils  are  shown  in 
Table  1,  volumes  of  oxygen  and  carbon  dioxide  being  calculated  to 
and  stated  in  grams.  The  volume  of  liquid  was  the  same  in  all  cases. 
Correction  was  made  for  carbon  dioxide  obtained  without  previous 
agitation  in  alkali  and  for  variation  in  temperature  and  pressure, 
but  the  figures  should  be  regarded  as  relative  rather  than  absolute. 

Table  1. — Oxygen  absorbed  and  carbon  dioxide  formed  in  soils  from  different 

places 


Soil  type  and  location 


Carbon 
in 
soil 


Oxygen 

absorb 

cd 


Equiv- 
alent 
CO2 


CO, 

given 
otf 


Defi- 
ciency 
COj 


Excess 
COj 


CO, 
given 
off  per 
hundred 
CO,  ab- 
sorbed 


Marlboro  sandy  loam,  New  Bern,  N.  C 

Portsmouth  sandy  loam,  Bennettsville,  S.  C. 

Holdridge  loam,  North  Platte,  Nebr 

Ruston  fine  sandy  loam,  Foley,  Okla 

Soil  from  Orlando,  Fla 

Do 

Washburn  loam,  Maine 

Caribou  loam,  Maine 

Clyde  loam,  Monticello,  Ind 

Hanceville  fine  sandy  loam,  Arkansas 

Cecil  sandy  loam,  Atlanta,  Qa 

Sassafras  loam,  Maryland 

Portsmouth  fine  sandy  loam,  New  Bern,  N.  G . 


Per  cent 
0.99 
.96 
0) 

.77 

0) 
0) 
4.90 
3.00 

1.32 
1.20 


Oram 
0.0814 
.0714 
.0789 
.0789 
.0728 
.0968 
.1214 
.0997 
.0987 
.0200 
.0414 
.0614 
.0470 


Oram 
0. 1119 
.0981 
.1081 
.1084 
.1002 
.1330 
.1669 
.1370 
.1339 
.0275 
.0569 
.0844 
.0647 


Oram 
0. 0771 
.0612 
.0573 
.0671 
.1690 

12087 
.2075 
.1543 
1067 
.1166 
.0256 
.0513 


Gram 
.0348 
.0369 
.0508 
.0413 


Oram 


0.0688 
.0468 
.0418 
.  0705 
.0204 
.0792 
.0597 


.0588 
.0134 


62 
53 
62 
169 
135 
125 
151 
115 


79 


1  Not  determined. 
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Although  the  volumes  of  gas  absorbed  have  been  calculated  to 
grams,  it  may  be  noted  tluit  this  volume  varied  from  14  to  85  cubic 
centimeters  and  the  carbon  dioxide  given  off  from  13  to  lOG  cubic 
centimeters.  In  no  case  does  the  carbon  dioxide  equivalent  of  the 
oxygen  absorbed  correspond  with  the  carbon  dioxide  given  off;  in 
some  cases  it  exceeds  it,  and  in  others  it  is  much  smaller. 

A  deficiency  of  carbon  dioxide  in  such  a  case  can  mean  only  that 
some  of  the  oxygen  absorbed  did  not  contribute  to  the  formation  of 
carbon  dioxide,  and  an  excess  can  mean  only  that  the  breaking  down 
resulting  from  the  absorption  of  oxygen  liberated  some  carbon  al- 
ready in  combination  with  oxygen.  Both  these  processes  could  and 
probably  do  go  on  at  the  same  time,  so  all  that  the  results  stated 
indicate  is  that  in  some  cases  one  reaction  predominates  and  in 
others  the  other.  This,  of  course,  is  in  accord  with  the  fact  that  the 
organic  matter  of  soils  differs  in  character  in  different  soils. 

NITROGEN  DISTRIBUTION 

Ever  since  the  organic  material  of  soils  has  been  under  investiga- 
tion the  question  whether  or  not  nitrogen  is  an  integral  part  of  the 
material  known  as  humus  has  been  discussed.  The  fact  that  numer- 
ous organic  compounds  that  do  not  contain  nitrogen  have  been 
isolated  from  the  humus  extract  of  soils  (12)^  leads  necessarily  to 
the  conclusion  that  at  least  some  of  the  organic  matter  in  such  an 
extract  is  nitrogen  free,  but  the  question  whether  nitrogen  is  a  com- 
ponent of  some  of  the  dark-colored  (amorphous)  colloidal  organic 
material  that  often  makes  up  a  large  proportion  of  the  humus  is 
still  unanswered. 

In  this  connection  one  fact  stands  out  prominently,  namely,  that 
in  fractionation  of  the  humus  material  all  fractions  in  the  first  steps 
contain  nitrogen.  It  should  be  pointed  out  here  that  the  numerous 
nitrogen-free  organic  compounds  that  have  been  obtained  from  the 
humus  extract  (hydrocarbons,  carbohydrates,  sterols,  and  acids) 
have  been  obtained  in  a  pure  form  only  after  repeated  precipitation 
or  crystallization  accompanied,  of  course,  with  large  losses  of 
material. 

As  an  example  of  the  nitrogen  distribution  obtained  by  fraction- 
ation of  the  humus  extract  of  a  soil,  the  results  with  a  sample  of 
Washburn  loam  from  Maine,  containing  0.297  per  cent  total  nitro- 
gen and  4.8  per  cent  organic  carbon,  are  presented  in  Table  2. 
Similar  results,  in  that  all  fractions  contain  nitrogen,  have  been 
obtained  from  several  soils,  and  there  is  no  reason  to  suppose  that 
they  can  not  be  obtained  from  most  soils  by  this  procedure.  Peats 
high  in  nitrogen  content  and  for  that  reason  appealing  to  one  in- 
terested in  nitrogen  distribution  do  not  lend  themselves  quantita- 
tively to  this  treatment  because  of  the  mechanical  difficulties  en- 
countered in  filtration  where  such  a  large  volume  of  colloidal  ma- 
terial is  involved. 

^  Italic  figures  iu  pureutbeises  refer  to  Literature  Cited,  y.  25. 
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Table  2. — Percentage  of  total  nitrogen  in  humus  fractions  of  Washburn  loam  from 

Maine  ^ 


Nitrogen  stated  as  percentage  of  the  total 


Acid  filtrate 
neutralized  and  filtered 


Soil  and  humus  precipitate 
treated  with  hot  alcohol 


Precipitate 

6.04  per  cent 

Fraction  1 


1 

Filtrate 
.15  per  cent 
Fraction  2 


Alcohol  solution 

0.31  per  cent 

Fraction  3 


Soil  and  humus  precipitate  insoluble  in  alcohol 
treated  with  2  per  cent  NaOH  and  filtered 

i  


Humus  solution  acidified 
and  filtered 


I 

Soil  and  humus  insoluble  in 
NaOH,  boiledin  30  per  cent  HCl.  filtered 


Insoluble  in  HCl 

11.04  per  cent 

Fraction  6 


Soluble  in  HOI 

22.93  per  cent 

Fraction  b 


Filtrate 

17.47  per  cent 

Fraction  4 


Humus  precipitate  dissolved 

in  NaOH  and  2  volumes  alcohol 

added  and  filtered 

i 


Insoluble 

26.87  per  cent 

Fraction  7 


Solution 

14.19  per  cent 

Fraction  8 


Total  N 

Fractions  added— 0.316  per  cent  N 
Total  N  in  soil 
direct  determination  0.297  per  cent 


The  schematic  presentation  of  this  treatment  presented  in  Table  2 
is,  to  a  large  extent,  self-explanatory  and  may  be  summarized  as 
follows ; 


Per  cent 


Per  cent 
N  dissolved  or  dispersed  in  NaOH  solution..  6QM\ 


i  N  in  humus  precipitate  ._  45.41 


N  in  soil  100  per  cent 


N  in  filtrate  from  humus 
I     precipitate- 20.62 


N  not  dissolved  or  dispersed  in  NaOH  solu- 
tion  33.97 


N   dissolved    by   boiling 
HCl 22.93 


N    insoluble    in    boiUng 
HCl. _ 11.04 


The  following  comments  on  the  character  of  the  different  fractions 
should  be  noted :  Fraction  No.  1  consists,  for  the  most  part,  of  com- 
binations of  aluminum,  iron,  and  calcium  with  humus  material.  In 
this  case  aluminum  predominates,  and  if  the  precipitate  be  dissolved 
in  the  smallest  quantity  of  sulphuric  acid  which  will  effect  solution 
and  several  volumes  (from  6  to  10)  of  alcohol  be  added,  nearly  pure 
aluminum  sulphate  is  precipitated.     A  portion  of  the  organic  matter 


>  Treated  24  hours  with  2  per  cent  sodium  hydroxide,  acidified,  and  filtered  from  soil  and  humua 
precipitate. 
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in  the  acid  alcohol  can  be  recovered  by  allowing  the  alcohol  to  evap- 
orate spontaneously,  adding  water  to  maintain  the  volume,  and  filter- 
ing. There  is  thus  obtained,  in  the  case  of  this  soil,  a  mixture  of 
resinous  and  waxy  material  that  can  be  further  fractionated  by  treat- 
ment with  solvents.  This  material  is  very  similar  to  the  material 
in  fraction  No.  3. 

Fraction  No.  2  is  an  acid  filtrate  containing  a  large  number  of 
compounds,  some  of  them  nitrogenous  (purine  bases  and  pyrimidine 
compounds,  for  instance).  Nitrogen-free  fatty  acids  can  be  obtained 
from  this  filtrate  by  shaking  out  with  ether  (hydroxy  fatty  acids) 
or  by  precipitation  with  metallic  salts. 

Fraction  No.  3  is  a  fraction  containing  less  nitrogen  than  any  other, 
and  by  treatment  with  various  solvents  it  can  be  further  frac- 
tionated, most  of  the  fractions  being  nitrogen  free.  The  nitrogen 
may  be  considered  contamination  and  not  nitrogen  of  constitution, 
for  while  the  nitrogen  is  0.31  per  cent  of  the  total  in  the  soil  it  is 
only  0.001  per  cent  of  the  fraction. 

Fraction  No.  4  is  a  fraction  which  might  be  expected  to  be  similar 
in  character  to  that  obtained  in  the  first  treatment,  where  the  sodium 
hydroxide  solution  or  suspension  is  acidified  and  filtered.  However, 
it  differs  from  it  in  that  no  precipitate  is  formed  on  neutralizing, 
all  the  aluminum  easily  extracted  from  the  soil  by  sodium  hydroxide 
having  been  removed  by  the  first  treatment  and  appearing  in  fraction 
No.  1.  Further,  the  treatment  of  the  soil  and  humus  precipitate  with 
hot  alcohol,  whereby  fraction  No.  3  was  obtained,  has  made  possible 
the  solution  or  dispersion  of  a  considerable  amount  of  additional 
material  by  the  sodium  hydroxide  solution.  This  shows  up  in  the 
larger  percentage  of  the  total  nitrogen  (17.47  per  cent)  appearing  in 
this  fraction. 

Fractions  Nos.  5  and  6  are  two  fractions  representing  the  nitrog- 
enous material  not  dissolved  or  dispersed  by  2  per  cent  sodium 
hydroxide  solution,  the  two  together  accounting  for  34  per  cent  of 
the  total  nitrogen.  The  further  fractionation  of  this  material  by 
treatment  with  hot  hydrochloric  acid  shows  that  two-thirds  of  the 
nitrogen  is  made  soluble  by  this  treatment. 

Fraction  No.  6  represents  the  hydrochloric  acid  solution,  which 
can  be  further  fractionated  by  any  of  the  treatments  that  are  ap- 
plicable to  the  hydrolysis  products  of  protein.  In  this  way  frac- 
tions may  be  obtained  that  may  be  designated  ammonia,  amide, 
monoamino,  diamino,  and  humic  nitrogen.  It  is,  however,  doubtful 
whether  in  the  application  of  such  methods  to  hydrolysis  products 
of  soil  there  may  not  be  included  in  some  of  the  fractions  compounds 
quite  different  from  those  formed  in  the  hydrolysis  of  proteins. 

Nothing  definite  is  known  regarding  the  compounds  present  in 
fractions  Nos.  7  and  8. 

POSSIBLE  FORMS  OF  NITROGEN 

Consideration  of  this  schematic  presentation  of  a  separation  of 
the  soil  nitrogen  into  fractions  discloses  the  fact  that  despite  many 
years'  investigation  and  discussion  of  the  forms  of  organic  nitrogen 
in  soils  very  Tittle  definite  chemical  information  is  available. 

The  definite  organic  nitrogenous  compounds  that  have  been  identi- 
fied are  those  that  are  evidently  in  the  transitional  stages  between 
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the  original  organic  material  added  to  the  soil  and  the  final  products 
that  are  more  slowly  decomposed.  Such  compounds  are  probably 
present  at  any  one  time  in  very  small  quantities.  They  are  present 
in  only  two  or  three  of  the  fractions  just  discussed. 

It  has  appeared  that,  in  connection  with  investigations  of  the  im- 
known  soil  nitrogen,  it  might  be  helpful  to  consider  what  were  the 
possible  forms  of  nitrogen  other  than  those  known  or  discussed. 
Such  consideration  is  given  in  the  following  pages. 

CHITIN 

It  is  recognized  that  fungi  are  present  and  active  in  the  upper 
layers  of  nearly  all  soils.  It  is  further  knowm  that  the  cell  wall  of 
fungi  is  closely  related  chemically  to  chitin  (^,  3^  4,  23^  2Jf^  ^5,  26^ 
^7),  the  material  that  forms  the  organic  part  of  crab  and  lobster 
shells  and  the  wing  covers  of  cockroaches  and  other  insects. 

Chitin  is  a  nitrogenous  amorphous  body  characterized  by  its  re- 
sistance to  action  by  chemical  reagents.  Advantage  of  this  fact 
is  taken  in  preparing  it  from  lobster  shells,  which  are  the  most  acces- 
sible source,  the  process  being  simply  extraction  with  strong  alkali 
and  acid. 

Were  chitin  present  in  soil,  isolation  by  this  process  would  be  dif- 
ficult, if  not  impossible,  because  of  the  relatively  large  quantity  of 
inorganic  material  to  be  got  rid  of.  Chitin,  however,  when  heated 
with  concentrated  hj^drochloric  acid,  yields  glucosamine,  a  nitrogen- 
containing  carbohydrate  (CeHiaNOs)  which  is  represented  struc- 
turally by   / 

H     HOH 

CH,OH  —  6  —  6  —  C  —  CH(NH,)COH 

OH  OH    H 

The  hydrochloride  obtained  by  this  treatment  is  crystalline  and 
can  easily  be  purified  and  identified  by  its  composition  and 
properties. 

The  separation  of  glucosamine  from  a  soil  w^hich  before  treatment 
contained  no  glucosamine  but  which  was  treated  in  such  a  way  as 
to  form  this  substance  from  chitin,  were  chitin  present,  would  be  a 
strong  indication  of  the  presence  of  the  latter  substance  in  the  un- 
treated soil. 

With  this  in  mind  four  soils  of  very  diverse  composition.  Ever- 
glades peat,  Caribou  loam,  Hagerstown  loam,  and  a  sandy  soil  from 
North  Carolina,  were  examined  as  follows : 

The  soils  were  extracted  with  10  per  cent  sodium  hydroxide  solu- 
tion until  the  extract  was  colorless,  or  nearly  so,  the  extracts  being 
passed  through  a  Pasteur-Chamberland  filter.  The  residue  was  then 
extracted  with  dilute  hydrochloric  acid,  treated  with  a  dilute  solu- 
tion of  potassium  permanganate  followed  by  a  dilute  solution  of 
sodium  bisulphite,  then  washed  w^ith  water  until  no  residue  was 
left  in  the  wash  water  on  evaporation.  The  residue  was  then  heated 
with  concentrated  hydrochloric  acid  and  the  solution  so  obtained 
treated  for  crystallization  of  glucosamine  hydrochloride.  In  the 
loams  and  sandy  soil,  the  solution  obtained  by  heating  with  con- 
centrated hydrochloric  acid  contained  such  a  large  quantity  of  inor- 
9254' 
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ganic  salts  that  crystallization  and  separation  of  any  organic  con- 
stituent that  might  have  been  present  was  not  possible  by  any  treat- 
ment usually  resorted  to  in  such  cases. 

In  the  Everglades  peat,  containing  nearly  90  per  cent  organic 
matter,  the  preliminary  extraction  with  10  per  cent  sodium  hydrox- 
ide solution  dispersed  so  much  of  the  material  that  extreme  dilu- 
tion had  to  be  resorted  to  in  order  to  accomplish  filtration ;  and  even 
then  this  process  was  very  slow,  many  weeks  being  required  to  ob- 
tain sufficient  residue  to  warrant  further  treatment.  The  residue 
from  1  kilo  of  peat  was  finally  obtained,  and  after  the  treatment 
outlined  above  there  was  obtained  an  acid  solution  containing  a  very 
small  quantity  of  inorganic  salts.  This  solution  was  dextrorotary, 
reduced  Fehling's  solution.  After  it  had  been  evaporated  to  a  sirup 
and  left  standing  for  some  days,  a  very  few  crystals  were  formed. 
All  attempts  to  separate  these  for  purification  resulted  in  such  losses 
that  it  was  impossible  to  obtain  sufficient  crystals  for  confirmatory 
work. 

However,  the  preliminary  treatments  to  which  the  peat  had  been 
subjected  would  either  remove  or  decompose  any  carbohydrates  or 
any  complexes  yielding  carbohydrates  by  any  but  the  most  strenu- 
ous treatment,  and  this,  in  conjunction  with  the  fact  that  the  final 
solution  was  optically  active,  reduced  Fehling's  solution,  and  that 
it  contained  crystalline  material  is  presumptive  evidence  of  the 
presence  of  some  very  resistant  carbohydrate-yielding  complex  at 
least  resembling  chitin  in  nature. 

INDOL  COMPOUNDS 

In  all  theoretical  considerations  of  the  possible  forms  of  nitrogen 
in  soils  there  is  one  class  of  compounds  which  apparently  has  not 
been  studied  heretofore.    That  one  has  indol, 

CH 

as  a  nucleus  and  is  usually  spoken  of  as  the  benzpyrrol  or  indol  group. 
Indigo  blue  or  indigotin  is  the  simplest  and  best  known  of  such  com- 
pounds and  is  represented  by  the  structural  formula 

CO  CO 

C.H4<'  ^C  =  C/  \c.H« 

This  compound  is  extremely  insoluble  and  resistant  to  chemical 
reaction  except  that  of  reduction  by  suitable  treatment  (sodium 
hydrosulphite  in  alkali  dispersion)  by  which  indigotin  is  reduced  to 
the  leuco  form,  indigo  white 

yC(0H)v  ,C(0H). 

C.H4/  \c=.c/^  \C1H4 

^-NH— /  ^— NH-^ 

This  dissolves  in  alkalies,  the  solution  having  a  slightly  yellow  color. 
When  such  solution  is  exposed  to  the  air  oxidation  to  indigo  blue 
takes  place  immediately. 
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The  process  of  dyeing  with  indigo  is  to  immerse  the  fabric  (cotton) 
in  a  solution  of  the  leuco  form  in  alkali,  remove  the  fabric,  squeeze 
out  excess  of  solution,  and  expose  to  the  air,  when  indigo  blue  is 
formed  in  the  fibers. 

Other  compounds  of  similar  constitution,  properties,  and  use  are 
derived  from  indanthrene,  represented  by  the  structural  formula 

.CO.  /^^\  /^^\ 

C6H4<^  NceHs/^  \c6Hs^  N0.H4 

\C0/  \NH/  \C0/ 

Indanthrene  is  very  insoluble  and,  like  indigo  blue,  forms  on  reduc- 
tion a  leuco  compound  soluble  in  alkali  and  represented  as  follows: 

.0  (OH).  /^^\  /^  (OH). 

C«H4<^  NceHj/^  \c6n2<^  NceH, 

^C  (OH)/  \NH/  \C  (OH)/ 


This  is  again  oxidized  to  the  insoluble  form  on  exposure  to  the  air, 
which  is  the  basis  of  dyeing  with  this  class  of  dyes,  usually  called  vat 
dyes. 

The  extreme  insolubility  and  resistance  to  chemical  reagents  shown 
by  part  of  the  nitrogen  of  many  soils  has  suggested  the  possibility 
of  the  presence  of  some  compounds  similar  in  constitution  to  those 
just  discussed. 

It  should  be  mentioned  in  this  connection  that  there  are  many 
compounds  of  similar  constitution  that,  in  the  oxidized  form,  have 
some  color,  are  very  insoluble,,  and  are  reduced  to  a  soluble,  less- 
colored  leuco  form  that  is  again  readily  oxidized  to  the  insoluble 
form,  but  that  are  not  of  any  value  as  vat  dyes  because  the  colors 
developed  in  oxidation  are  not  of  such  character  or  brilliancy  as 
to  be  of  value  commercially. 

The  orange  to  brown  color  of  the  humus  extract  of  soil  is  not 
fixed  on  cotton  in  alkali  dispersion.  Cotton  yarn  or  cloth  treated 
with  such  an  extract  may  be  slightly  stained,  but  the  stain  is  almost 
completely  removed  by  simple  washing  in  water.  At  the  most,  the 
cotton  is  left  a  dirty  white.  In  the  case  of  some  soils,  however,  if 
the  humus  extract  be  heated  to  boiling  with  a  reducing  agent  such 
as  sodium  hydrosulphite,  the  color  becomes  lighter  (noticeable 
probably  only  if  the  extract  be  dilute),  and  if  cotton  yarn  or  cloth 
be  now  treated  with  the  hot  extract,  removed,  the  excess  solution 
squeezed  out,  and  the  material  exposed  to  the  air  for  some  time  a 
color  is  developed  in  the  cotton  that  can  not  be  removed  by  washing, 
soap,  or  exposure  to  sunlight.  This  color  is  usually  gray  rather  than 
brown,  is  not  at  all  bright,  and  has  no  value  in  the  dye  industry. 
However,  the  fact  that  a  leuco  compound,  which  on  reduction  is 
rather  readily  oxidized  on  exposure  to  the  air  to  a  colored  insoluble 
body  resistant  to  change,  is  found  suggests  the  presence  in  soils  of 
compounds  belonging  to  the  indol  group.  It  should  be  noted  in  this 
connection  that  the  property  of  leuco  formation  and  subsequent 
ready  oxidation  lies  in  the  carbonyl  group  that  joins  two  benzene 
nuclei  and  not  in  the  nitrogen  linkage  which  is  in  the  imide  form 
between  two  benzene  nuclei  and  is  not  involved  in  the  change  on 
reduction. 
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All  soils  do  not  contain  compounds  having  this  property,  and 
this  fact  may  be  made  the  basis  of  a  method  for  showing  differences 
in  soils.  Of  the  soils  examined,  Washburn  loam  gave  the  most  pro- 
nounced color  in  cotton  cloth. 

ACID  HYDROLYSIS 

Much  of  our  knowledge  of  the  constitution  of  the  proteins  is  based 
on  results  obtained  by  the  hydrolysis  of  these  compounds  by  boiling 
acid  (hydrochloric  or  sulphuric).  By  this  treatment  proteins  are 
split  into  simpler  compounds,  the  quantity  and  kind  varying  with 
the  kind  of  protein.  By  suitable  analytical  procedure  these  decompo- 
sition products  can  be  separated  and  determmed.  The  classes  recog- 
nized in  such  hydrolysis  usually  are  as  follows:  (1)  Ammonia  and 
amid  nitrogen;  (2)  diamino  or  basic  nitrogen;  (3)  monamino  nitro- 
gen ;  and  (4)  humin  nitrogen. 

In  1905  Shorey  (13)  applied  this  method  of  hydrolysis  to  soils, 
using  the  method  of  Hausmann  as  modified  by  Osborne  and  Harris, 
and  showed  that  by  this  method  part  of  the  nitrogen  was  sohible 
in  hot  acid  and  that  the  nitrogen  in  this  solution  could  be  separated 
into  the  classes  mentioned  above.  Later  Jodidi  (5,  6^  applied  the 
same  method  to  soils,  and  when  the  method  of  Van  SlyKe(i^,  19,  20) 
was  introduced,  Lathrop  (7)  used  this  modification  in  the  examination 
of  a  number  of  peats  and  soils. 

A  large  number  of  soils  have  been  examined  by  some  modification 
of  the  acid  hydrolysis  procedure  as  applied  to  proteins,  and  the  fol- 
lowing conclusions  are  warranted. 

(1)  Some  of  the  nitrogen  of  soils  and  peats  is  found  in  the  acid 
solution  after  such  treatment;  (2)  the  percentage  of  the  total  nitro- 
gen so  rendered  soluble  ranges  from  30  to  90  and  the  percentage  in 
peats  high  in  nitrogen  is  usually  lower  than  that  in  most  soils; 
(3)  the  nitrogen  in  the  acid  solution  can,  by  following  the  methods 
used  in  the  case  of  proteins,  be  separated  into  similar  fractions,  each 
of  which  contains  some  nitrogen;  and  (4)  with  regard  to  the  identity 
of  the  nitrogenous  compounds  in  each  fraction,  there  is,  in  the  case 
of  soils,  some  doubt,  but  the  status  of  each  may  be  summarized  as 
follows. 

AMMONIA  AND  AMID  NITROGEN 

There  is  little  doubt  that  some  ammonia  is  formed  by  the 
hydrolysis,  but  it  is  still  a  question  whether  or  not  some  of  the  am- 
monia may  not  be  formed  from  some  as  yet  unrecognized  constituent 
of  the  acid  solution  by  the  magnesium  or  calcium  oxide  used  to 
drive  off  the  ammonia. 

DIBASIC  NITROGEN 

This  fraction  is  determined  by  precipitation  with  phosphotungstic 
acid  and  in  the  case  of  protein  the  constituent  diamines  have  boon 
separated  and  identified.  For  the  most  part,  this  fraction  is  made 
up  of  arginine,  histidine,  lysine,  cystin,  etc.  Phosphotungstic  acid, 
however,  is  a  somewhat  general  precipitant  for  organic  bases,  and  in 
the  case  of  soils  the  presence  of  nitrogenous  bases  as  yet  unidentified 
is  a  possibility. 
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MONAMINO  NITROGEN 


In  the  method  of  Van  Slyke,  which  is  now  generally  used  in  the 
study  of  hydrolysis  products,  the  monamino  nitrogen  is  measured 
by  the  volume  of  nitrogen  liberated  when  the  solution  is  subjected 
to  diazotization  under  proper  conditions  with  sodium  nitrite.  In 
the  case  of  soils  the  only  certainty  is  that  there  is,  in  this  fraction, 
some  amino  compound  or  compounds  that  lose  nitrogen  on 
diazotization  at  room  temperatures. 


HUMIN  NITROGEN 


This  is  the  nitrogen  contained  in  the  precipitate  formed  on  making 
the  acid  solution  alkaline  with  magnesium  or  calcium  oxide.  The 
nitrogen  in  this  fraction  may  be  in  part  a  secondary  product  formed 
by  polymerization  or  condensation  of  some  of  the  primary  splitting 
products. 

In  this  connection  it  should  be  pointed  out  that  pentose-yielding 
material  has  been  recognized  for  a  long  time  as  a  constant  constituent 
of  the  organic  matter  of  soils  and  that  practically  all  soils,  when 
heated  with  acid  as  in  acid  hydrolysis,  yield  furfurol.  Furfurol 
is  extremely  reactive  in  condensing  with  amino  compounds,  and  fre- 
quently in  the  acid  hydrolysis  of  soils  or  peats  under  a  reflux  con- 
denser a  dark- colored  material  collects  in  the  condenser.  Where  this 
has  accumulated  in  suflScient  quantity  for  analysis,  it  has  been  shown 
to  contain  nitrogen. 

The  proportion  of  the  nitrogen  of  soils  rendered  soluble  by  acid 
hydrolysis  is  influenced  to  a  considerable  extent  by  the  strength  of 
the  acid  and  the  length  of  time  of  hydrolysis.  The  character  of  the 
hydrolysis  products  is  to  some  extent  influenced  by  the  kind  of 
acid  used. 

Despite  the  fact  that  part  of  the  soil  nitrogen  behaves  on  hydrolysis 
as  do  proteins  and  that  Walters  {21)  showed  the  presence  of 
proteoses  and  peptones  in  an  alkali  extract  of  a  sample  of  Norfolk 
sandy  loam,  as  a  rule  no  protein  reactions  can  be  obtained  from  soil 
or  fractions  of  soil  nitrogenous  material.  Although  the  results  of 
hydrolysis  studies  of  soils  have  not  so  far  shed  much  light  on  the 
constitution  of  the  organic  nitrogen  of  soils,  the  fact  that  from  such 
hydrolysis  the  fractions  into  which  the  product  may  be  separated 
represent  different  percentages  of  the  total  nitrogen  in  different 
soils  is  conclusive  proof  of  the  varying  character  of  the  nitrogenous 
material  itself. 

ALCOHOL  EXTRACTION 

Extraction  of  a  soil  with  alcohol  to  separate  some  of  its  constitu- 
ents and  so  differentiate  between  soils  may  be  applied  in  several  ways. 
Extraction  of  the  soil  without  any  previous  treatment  frequently 
yields  little  material  except  in  the  case  of  peats  containing  a  large 
proportion  of  resinous  material.  The  reason  for  this  appears  to  be 
chemical  combination  between  some  of  the  organic  acidlike  con- 
stituents and  inorganic  constituents  such  as  iron,  aluminum,  and 
calcium.  All  such  combinations  are  insoluble  or  little  soluble  in 
alcohol. 
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Leaching  of  the  soil  with  dilute  hydrochloric  acid  dissolves  the 
inorganic  part  of  the  combinations,  leaving  the  organic  portion  since 
it  is  little  spluble  in  dilute  acid.  Treatment  with  alcohol,  especially 
on  boiling,  after  such  acid  treatment  usually  removes  an  appreciable 
quantity  of  organic  matter  which,  if  sufficiently  large,  can  then  be 
separated  by  the  use  of  other  solvents  into  fractions  having  different 
physical  and  chemical  properties. 

Failure  to  recognize  the  fact  that  there  often  are,  in  soils,  com- 
binations of  acidlike  organic  materials  with  basic  inorganic  con- 
stituents, especially  calcium  and  aluminum,  and  that  it  is  necessary 
to  break  up  such  combinations  by  treatment  with  dilute  acid  before 
extraction  with  alcohol  may  render  some  proposed  methods  of  soil 
examination  with  solvents  quite  misleading  in  results  obtained. 

Another  method  of  alcoholic  extraction  tnat  can  be  profitably  used 
is  that  of  extraction  of  the  humus  precipitate.  When  a  humus  solu- 
tion of  a  soil  is  made  with  dilute  sodium  hydroxide  many  of  the 
organic  mineral  combinations,  especially  those  with  aluminum,  are 
dissolved  or  dispersed.  When  such  a  solution  or  dispersion  is  acidi- 
fied the  organic  humus  material  is  precipitated  or  flocculated,  and 
on  filtration  the  aluminum  or  other  inorganic  constituents  are  found 
in  the  filtrate.  This  humus  precipitate  contains  most  of  the  organic 
soil  constituents  that  are  acidic  in  nature  and  little  soluble  in  water. 
These  can  be  removed  from  the  precipitate  by  extraction  with  hot 
alcohol,  after  which  the  extract  can  be  treated  as  one  made  directly 
from  the  soil. 

As  has  just  been  mentioned,  some  soils,  especially  peats  containing 
a  large  proportion  of  resinous  material,  yield  quite  a  large  quantity 
of  material  on  direct  extraction  with  alcohol.  As  an  example  of  this 
may  be  mentioned  a  peat  from  the  Lake  Mattamuskeet  region  in 
North  Carolina.  This,  on  prolonged  extraction  with  hot  alcohol, 
yielded  10  per  cent  of  its  weight  in  extractive  material.  By  making 
a  first  separation  of  this  material  into  that  soluble  and  that  insoluble 
in  cold  alcohol  and  then  treating  these  fractions  repeatedly  with 
ether  chloroform  and  petroleum  ether,  a  separation  into  13  fractions 
was  accomplished.  All  these  fractions  were  resinous  or  waxy  in 
character.  They  ranged  in  color  from  white  to  dark  brown  and  in 
melting  point  from  30°  to  160°  C. 

Alcohol  extraction  applied  in  some  one  of  the  methods  mentioned 
has,  in  the  past,  resulted  in  the  isolation  and  identification  of  a 
number  of  organic  compounds  (i^,  iJ,  16^  22)^  among  which  are 
phytosterol,  hentriacontane,  mono  hydroxy  stearic  acid,  li^noceric 
acid,  and  mixed  glycerides,  and  a  number,  such  as  three  resin  acids, 
agroceric  acid,  agrosterol,  and  paraffinic  acid,  the  identity  of  which 
is  not  so  well  established. 

ALTERNATE  WATER  AND  ALCOHOL  EXTRACTION 

In  connection  with  the  work  on  alcohol  extraction  it  was  observed 
that  if  the  extraction  with  alcohol  was  continued  until  little  color 
appeared  in  the  filtrate  and  was  then  followed  by  an  extraction  with 
water,  frequently  this  extract  was  highly  colored  and  contained  an 
appreciable  quantity  of  extractive  material.  This  procedure  could 
be  repeated  several  times,  as  is  illustrated  by  the  following  figures. 
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One  kilo  of  dried  finely  ground  peat  from  the  Florida  Everglades 
was  leached  in  a  Buchner  funnel  with  2  per  cent  hydrochloric  acid 
until  the  filtrate  gave  no  reaction  for  calcium,  and  the  acid  filtrate 
was  rejected  for  the  purpose  of  this  experiment.  The  peat  was  then 
washed  with  water  until  the  washings  were  no  longer  acid,  and  then 
with  hot  alcohol  until  the  filtrate  was  only  very  slightly  colored. 
These  two  filtrates  were  evaporated  to  dryness  and  constituted  water 
extract  No.  1  and  alcohol  extract  No.  1.  Washing  with  water  was 
then  resorted  to  and  continued  until  the  filtrate  was  only  slightly 
colored.  Then  again  hot  alcohol  was  used  for  washing,  yielding 
water  extract  No.  2  and  alcohol  extract  No.  2.  This  alternate  treat- 
ment was  continued  until  eight  extracts  had  been  obtained.  The 
weights  of  the  extracts  are  given  in  Table  3. 

Table  3. — Extracts  and  weights  of  water  and  alcohol 


Extract  No. 

Water 

Alcohol 

1 

Grams 

3.30 

1.25 

.75 

1.00 

Grams 
17.85 

2 

6.15 

3 

3.10 

4      . 

2.25 

The  peat  contained  84  per  cent  organic  matter  and  2.8  per  cent 
nitrogen.  All  the  extracts  contained  nitrogen.  The  first  water 
extract  (washing  from  acid  leaching)  was  only  slightly  colored, 
but  the  second  water  extract  was  highly  colored.  The  most  striking 
feature  of  the  operation  was  the  abrupt  change  from  the  last 
portions  of  the  alcohol  extract,  which  were  nearly  colorless,  to  the 
dark  brown  of  the  water  extract  immediately  following  it.  The 
same  changes  were  observed  throughout  but  became  less  marked  as 
the  number  of  extractions  increased. 

The  same  phenomena,  but  of  course  less  marked,  were  observed 
with  soils  containing  more  nearly  normal  quantities  of  organic 
matter.  In  some  soils  there  was  no  increase  in  color  in  the  water 
extract.  Except  for  the  determination  of  the  presence  of  nitrogen 
no  investigation  of  the  composition  of  these  extracts  was  made, 
since  it  was  apparent  that  there  were  other  less  tedious  methods  of 
obtaining  similar  material. 

The  explanation  of  the  results  obtained  by  alternate  water  and 
alcohol  extraction  appears  to  lie  in  the  fact  that  there  are  in  many 
soils  particles  of  soil  material  cemented  together  by  colloidal  or- 
ganic matter.  The  leaching  with  dilute  acid  removes  the  more 
readily  soluble  bases,  and  the  washing  which  follows  removes  the 
last  of  such  soluble  material.  The  alcohol  then  dissolves  the  organic 
acidlike  compounds  set  free,  as  well  as  some  of  the  cementing  mate- 
rial. When  water  follows  the  alcohol  some  of  the  organic  humus 
(dark-colored  material)  is,  in  the  absence  of  soluble  salts,  dispersed 
and  runs  through  the  filter,  giving  a  dark-colored  extract  which  is, 
for  the  most  part,  a  dispersion  and  not  a  solution.  Concentration 
or  the  addition  of  a  soluble  salt  such  as  sodium  chloride  or  sodium 
sulphate  will  usually  flocculate  the  dark-colored  compounds. 
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The  dispersion  of  some  of  the  humus  in  water  is  a  commonly 
observed  phenomenon  in  working  with  such  material.  For  instance, 
by  acidifying  an  alkaline  humus  extract  a  humus  precipitate  is 
fornied  that  can  be  filtered  off.  If  washing  of  this  precipitate  be 
continued  until  all  soluble  salts  are  removed,  the  humus  material 
is  dispersed  and  runs  through  the  filter. 

A  result  somewhat  similar  to  that  obtained  by  alternate  water 
and  alcohol  extraction  of  soil  can  be  brought  about  by  treating  a 
humus  precipitate  in  the  same  way. 

WATER  EXTRACTION 

Water  extraction  of  soils  has  been  resorted  to  chiefly  for  the  detec- 
tion and  determination  of  inorganic  constituents,  total  soluble  salts, 
soil  reaction,  nitrates,  nitrites,  etc.,  but  has  not  been  used  to  any 
extent  in  investigations  of  the  organic  matter.  The  reason  for  this 
is  twofold :  First,  in  the  quantities  ordinarily  used  in  the  laboratory, 
soils  do  not  yield  enough  organic  matter  in  solution  to  make  possible 
any  separation  and  identification  of  organic  constituents  that  might 
be  present.  Some  peats  and  some  soils  containing  a  quantity^of 
decomposing  vegetable  matter  are  exceptions  to  this.  The  second 
reason  lies  in  the  scarcity  of  methods  available  for  the  detection  of 
small  quantities  of  suspected  organic  constituents  in  a  water  extract. 
This  is  an  outstanding  obstacle  in  this  work,  even  when  appreciable 
quantities  of  organic  matter  are  present. 

The  first  difficulty  can  be  overcome  by  working  with  larger  quanti- 
ties of  soil  and  extracting  with  hot  water  where  that  is  not  objection- 
able. Several  of  the  organic  compounds  that  were  first  isolated  from 
an  extract  made  with  sodium  hydroxide  were  later  isolated  from 
water  extracts  of  the  same  soil  {H).  When  there  is  much  inorganic 
colloid  material,  filtration  after  two  or  more  extractions  with  water 
becomes  difficult  because  of  the  removal  of  electrolytes  and  the  con- 
sequent dispersion  of  the  colloid  material.  It  is  not  uncommon,  even 
with  soils  with  little  organic  matter,  for  a  hot-water  extract  to  con- 
tain more  organic  than  inorganic  material. 

The  second  difficulty,  owing  to  a  scarcity  of  methods  or  tests,  can 
be  overcome  only  by  making  the  best  use  of  such  tests  as  are  available 
and  devising  new  ones. 

FUSION  WITH  ALKALIES 

Fusion  of  certain  plant  constituents  w4th  alkalies,  usually  potassium 
hydroxide,  has  frequently  thrown  some  light  on  the  constitution  of 
sach  compounds  through  the  identification  of  the  products  of  such 
fusion,  usually  compounds  of  a  phenolic  nature.  Numbers  of  soils 
and  organic  soil  fractions  have  been  subjected  to  potash  fusion,  and 
the  only  compound  definitely  identified  has  been  pyrocatechol. 

Since  this  phenol  is  formed  by  potash  fusion  from  a  great  variety 
of  vegetable  products,  its  formation  does  not  in  the  case  of  soils  indi- 
cate anything  very  definite  regarding  the  structure  of  its  antecedents. 
However,  as  pyrocatechol  has  been  obtained  in  this  way  from  some 
soils  and  not  from  others,  the  fusion  to  that  extent  lends  itself  to 
some  differentiation  between  soils. 
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OXIDATION  WITH  HYDROGEN  PEROXIDE 

Hydrogen  peroxide  has  been  proposed  as  a  reagent  for  the  oxida- 
tion of  soil  organic  matter  and  as  a  basis  for  a  method  of  determin- 
ing the  total  organic  matter  of  soils  {11),  It  has  also  been  proposed 
to  use  this  reaction  as  a  means  of  freeing  a  soil  of  organic  matter 
preparatory  to  mechanical  analysis  {10). 

Hydrogen  peroxide,  in  the  absence  of  metallic  catalysts,  has  little 
or  no  action  on  pure  organic  compounds  and  the  organic  matter  of 
soils  when  separated  from  mineral  constituents  behaves  in  the  same 
way.  Active  catalysts  of  hydrogen  peroxide  are  found  in  nearly  all 
soils  in  sufficient  quantity  to  bring  about  vigorous  liberation  of 
oxygen  from  hydrogen  peroxide  and  oxidation  of  the  organic  matter 
present.  However,  in  soils  containing  much  manganese  the  catalysis 
of  the  peroxide  is  so  vigorous  that  an  enormous  quantity  of  peroxide 
is  rapidly  decomposed  without  much  action  on  the  organic  matter. 
This,  according  to  Olmstead,  Alexander,  and  Middleton,  can  be 
remedied  by  the  addition  of  acetic  acid,  which  changes  the  manga- 
nese to  the  manganous  form  {9). 

As  an  example  of  what  happens  to  the  nitrogenous  organic  matter 
of  soils,  the  following  experiment  is  cited :  A  sample  of  Everglades 
peat,  containing  2.57  per  cent  nitrogen,  was  treated  in  a  dish  in  the 
steam  bath  with  successive  portions  of  Superoxol  (30  per  cent  by 
weight  hydrogen  peroxide)  until  there  was  no  further  action.  The 
residue,  which  was  light  gray  in  color,  was  filtered  off  and  washed, 
and  the  nitrogen  in  it  and  in  the  solution  was  determined.  The  re- 
sults were  as  follows,  stated  as  percentage  of  the  peat  ; 

Per  cent 

I  Insoluble 0.14] 
fas  Nils 1.721  ^  ^. 
In  solution  1.90  per  cent jas  NO3 .09|  '^'^^ 
I  unknown .  09 ) 
Unaccounted  for .  53 

The  nitrogen  unaccounted  for  was  evidently  lost  in  gas  form  as 
free  nitrogen  or  as  oxides  of  nitrogen.  The  solution  was  acid  in  re- 
action, and  it  was  evident  that  the  ammonia  was  present  as  ammonia 
salts  of  acids  that  had  been  formed  from  the  soil  organic  matter  by 
oxidation  {11). 

Stated  in  percentage  of  the  total  nitrogen  in  the  peat,  the  results 
of  the  experiment  appear  as  follows: 

Per  cent 

'  Insoluble 5.  4 

In  solution  as  NHs 66.9 

N<  In  solution  as  NOa 3.  4 

In  solution  in  unknown  form 3.  4 

Lost  and  not  accounted  for 20.  9 

Another  sample  of  peat  containing  2.81  per  cent  nitrogen  treated 
in  the  same  way  as  the  Everglades  peat  gave  the  following  results, 
stated  in  percentage  of  the  peat : 

Per  cent 

{Insoluble .  14 
In  solution  as  NHs  and  NO3 1.  53 
Unknown  form .  55 
Escaped  and  unaccounted  for .  59 
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or,  stated  as  percentage  of  total  nitrogen : 

Per  cent 

Insoluble 4.9 

XT    In  solution  as  NHs  and  NOa 54.0 

In  unknown  form 20.  0 

.  Escaped  and  unaccounted  for 21. 1 

Two  soils,  one  Chester  loam  from  Virginia  and  the  other  Norfolk 
fine  sandy  loam  from  North  Carolina,  containing  0.18  and  0.07  per 
cent  nitrogen,  respectively,  gave  the  figures  shown  in  Table  4  on 
treatment  with  hydrogen  peroxide: 


Tabt.fv4. — Hydrogen  peroxide  treatment  of  Norfolk  and  Chester  soils 

c 

Norfolk   fine  sandy 
loam 

Chester  loam 

Sou 

Total  N 

Soil 

Total  N 

Total  N       , 

Per  cent 
0.07 

Per  cent 

Per  cent 
0.18 

Percent 

N  insoluble 

.016 
.047 
.007 

22.9 
67.1 
10.0 

.042 
.113 
.025 

23.8 

N  in  solution  as  NHs—. 

62.7 

N  escaped  and  unaccounted  for 

14.0 

Both  solutions  gave  slight  reactions  for  nitrites  and  nitrates,  in 
quantities  too  small  for  determination.  Nothing  definite  is  known 
regarding  the  nature  of  the  nitrogenous  compound  or  compounds  in 
the  insoluble  residue. 

The  transformation  of  a  large  percentage  of  soil  nitrogen  into 
ammonia  on  treatment  with  hydrogen  peroxide  occurs  with  all  soils 
examined,  and  while  there  are  differences  in  this  respect,  so  far  these 
differences  have  not  yet  been  found  to  be  associated  with  any  definite 
organic  constituents. 

It  is  quite  evident,  as  has  been  noted,  that  in  the  solution  resulting 
from  the  oxidation  of  soils  by  hydrogen  peroxide,  some  nitrogen  is 
present  as  ammonium  salts  of  organic  acids  produced  in  the  oxida- 
tion. Attempts  to  identify  such  acids  have  so  far  been  successful  in 
only  one  case.  Saccharic  acid  has  been  identified  among  the  products 
of  the  oxidation  of  the  peat  noted  above.  This  was  identified  by  sep- 
aration with  ammoniacal  lead  acetate,  removal  of  lead  with  hydrogen 
sulphide,  preparation  of  the  acid  potassium  salt,  precipitation  with 
cadmium  sulphate,  removal  of  cadmium  with  hydrogen  sulphide,  and 
purification  by  solution  in  95  per  cent  alcohol  (lo). 

The  residue  had  the  properties  of  saccharic  acid  and  gave  a  silver 
salt  containing  50.88  per  cent  silver  (theoretical  51.02).  Saccharic 
acid  can  be  prepared  by  the  oxidation  of  some  carbohydrates  with 
dilute  nitric  acid.  In  this  case  it  no  doubt  is  the  result  of  the  oxi- 
dation of  some  carbohydrate  constituent  of  the  peat. 

It  is  evident  from  the  varying  figures  obtained  by  treatment  with 
hydrogen  peroxide  that  when  calculated  in  terms  of  nitrogen  such 
treatment  can  be  utilized  for  showing  differences  in  the  organic 
matter  of  soils. 

VOLATILE  CONSTITUENTS 

That  there  are  in  soils  organic  constituents  that  are  volatile  under 
certain  conditions  is  easily  demonstrated. 
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If  a  current  of  dry  air  is  passed  over  some  soils,  especially  those 
of  high  organic  content,  heated  to  100°  to  110°  C.  in  a  closed  appa- 
ratus, and  is  then  passed  into  concentrated  sulphuric  acid,  the  acid 
is  soon  darkened  from  the  decomposed  organic  constituents  carried 
over. 

Again,  in  the  case  of  nearly  all  soils  when  subjected  to  steam  dis- 
tillation volatile  compounds  are  carried  over  and  may  be  recovered 
frorti  the  distillate,  usuall}^  by  shaking  with  an  immiscible  solvent. 
The  material  obtained  in  this  way  is  usually  oily  and  often  gives 
aldehyde  reactions.  In  no  case,  however,  has  sufficient  material  been 
obtained  for  identification  of  components.  Free  sulphur,  if  present 
in  a  soil,  may  be  recovered  in  this  way  but  can  be  much  better 
separated  directly  from  the  soil  by  extraction  with  a  suitable  solvent. 

A  special  method  devised  by  Smith,  and  published  by  him  in  a 
dissertation  {17)^  has  thrown  further  light  on  the  occurrence  of 
volatile  compounds  in  soils.  The  method  is,  briefly,  as  follows: 
Several  kilos  of  a  soil,  preferably  one  high  in  organic  content,  are 
boiled  under  a  reflux  condenser  with  two  or  three  volumes  of  80  per 
cent  alcohol,  then  cooled  and  filtered.  This  is  repeated  two  or 
three  times,  and  the  filtrates  are  combined  and  subjected  to  distilla- 
tion under  reduced  pressure.  When  about  one-third  of  the  volume 
has  been  distilled,  this  distillate  is  treated  with  a  few  cubic  centi- 
meters of  a  saturated  aqueous  solution  of  copper  sulphate.  A  pre- 
cipitate, made  up  of  copper  sulphate  and  a  copper  compound  of  the 
volatile  material,  is  formed.  The  whole  is  allowed  to  stand  several 
hours  (or  days)  until  the  precipitate  has  settled,  the  supernatant 
liquor  is  decanted  or  siphoned  off,  and  the  precipitate  is  filtered  off 
and  washed  with  alcohol.  It  is  then  treated  on  the  paper  with  a 
small  quantity  of  water,  which  dissolves  the  copper  sulphate,  leaving 
the  copper  organic  compound,  which,  after  washing  with  water,  is 
suspended  in  alcohol  and  decomposed  with  hydrogen  sulphide.  It 
is  then  filtered  from  copper  sulphide,  and  the  filtrate  is  concentrated 
to  small  volume  and  allowed  to  stand.  Crystals  may  finally  appear 
and  if  so  may  be  separated  and  purified  by  suitable  means. 

The  volatile  compound  which  Smith  separated  in  this  way  from 
a  soil  in  Holland  and  which  he  calls  "gliedene,"  has  not  been  defi- 
nitely identified  as  to  structure  or  composition. 

The  method  has  been  applied  to  North  American  soils  in  the  soil 
fertility  laboratory  of  the  Bureau  of  Chemistry  and  Soils  and  the 
only  case  where  any  appreciable  quantity  of  material  has  been  ob- 
tained has  been  with  a  peat  from  the  Florida  Everglades.  In  this 
case  the  crystals  had  the  appearance  of  a  fatty  acid  and  melted  at 
about  60°  C.  Not  enough  were  obtained  to  allow  purification  to  a 
constant  melting  point  or  to  make  salts  or  other  derivatives. 

It  is  significant  that  the  soil  (Everglades  peat)  from  which  this 
volatile  constituent  was  obtained  is  in  its  raw  uncultivated  condition 
infertile  but  improves  rapidly  on  being  cultivated  so  as  to  expose 
fresh  portions  to  the  air.  Further,  phenomenal  results  in  increased 
fertility  have  been  obtained  in  such  soil  by  small  applications  of 
copper  sulphate  (i).  Since  the  insoluble  compound  of  copper  with 
this  volatile  organic  compound  is  made  the  basis  of  separation,  one 
may  be  justified  in  speculating  whether  or  not  there  is  any  connec- 
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tion  between  the  occurrence  of  such  volatile  compounds  and  the  re- 
sults obtained  by  applications  of  copper  salts  to  the  soil. 

AZOPHENINE  FORMATION 

In  the  case  of  some  soils,  if  a  portion  be  treated  with  aniline  and 
heated  to  100°  C.  and  the  aniline  filtered  off  and  evaporated,  there 
is  left  a  dark-colored  residue.  This  is  partly  soluble  in  alcohol,  and 
leaves  a  dark-red  crystalline  mass  that  can  be  purified  by  dissolving 
in  chloroform,  repeating  the  treatment  with  alcohol  several  times, 
and,  finally,  recrystallizing  from  chloroform.  There  are  thus  ob- 
tained garnet-colored  crystals,  usually  small  plates  or  bunches  of 
plates,  that  appear  as  needles.  These  melt  at  236°,  are  insoluble  in 
water,  alcohol,  or  ether,  and  give  the  characteristic  reaction  of 
azophenine  (soluble  in  concentrated  sulphuric  acid,  the  solution 
being  purple  but  suddenly  changing  to  clear  blue  when  heated  to 
300°). 

Azophenine,  which  is  represented  structurally — 

NCpHa 

-NHCelli 


NHCsH 


is  prepared  in  the  laboratory  or  industrially  by  several  processes, 
nearly  all  of  which  start  with  aniline  but  none  of  which  suggest  any 
process  by  which  azophenine  might  be  formed  by  treating  soil  with 
aniline.  There  is  no  reason  to  suppose  that  azophenine  is  a  soil 
constituent,  but  its  formation  from  aniline  alone  through  the  agency 
of  some  catalyst  in  the  soil  means  the  condensation  of  5  molecules  of 
aniline  with  elimination  of  11  atoms  of  hydrogen  and  1  of  nitrogen, 
and  it  is  rather  difficult  to  understand  the  process  unless  it  is  assumed 
that  some  soil  constituent  takes  part  in  it.  At  the  present  time  no 
indication  has  been  obtained  as  to  the  nature  of  such  soil  constituent, 
but  it  would  seem  that  it  must  be  one  containing  a  benzene  nucleus. 

There  is  formed  with  the  azophenine  a  dark-purple  compound 
soluble  in  alcohol  and  drying  to  an  amorphous  mass  in  which  no 
crystalline  material  has  been  observed  and  regarding  the  constitution 
of  which  nothing  is  known. 

It  has  been  found  that  soils  differ  very  widely  in  azophenine 
formation  under  the  conditions  described,  and  it  may  be  possible  to 
connect  this  property  with  other  properties  or  with  some  char- 
acteristic of  composition. 

GENERAL  REACTIONS 

In  examination  of  soils  to  determine  if  possible  the  character  of  the 
organic  matter  or  differences  in  soils  with  respect  to  the  character  of 
the  organic  matter  there  are,  in  addition  to  the  methods  of  treatment 
discussed  above,  a  number  of  general  reactions  available.  These,  for 
the  most  part,  are  indicative  of  the  presence  or  absence  of  groups  of 
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compounds  and  are  applicable  usually  to  soil  extracts  or  solutions  of 
soil  fractions.  Those  which  have  been  found  useful  in  this  connec- 
tion are  discussed  below. 

PYRROL  REACTION 

A  great  many  organic  compounds  of  plant  or  animal  origin  yield 
pyrrol  on  destructive  distillation.  The  presence  of  pyrrol  is  shown 
by  what  is  known  as  the  pyrrol  or  pine-splinter  reaction.  A  splinter 
of  pine  wood  that  has  been  dipped  in  concentrated  hydrochloric  acid 
becomes  bright  red  when  exposed  to  pyrrol  vapors.  The  color  is 
formed  by  reaction  of  the  pyrrol  with  aldehyde  present  in  the  wood. 
A  strip  of  newsprint  paper  made  from  wood  pulp  can  be  substituted 
for  the  pine  splinter,  but  the  color  developed  is  not  so  bright. 

The  compounds  that  yield  pyrrol  on  distillation  may  be  those  con- 
taining a  pyrrol  nucleus,  such  as  indol  or  carbazole,  or  nitrogen- 
containing  bodies  that  on  heating  yield  pyrrol  by  some  rearrange- 
ment, as  is  the  case  in  the  diamino  bases.  Other  nitrogenous  com- 
pounds, such  as  leucin,  alanine,  and  tyrosine,  yield  pyrrol  after  re- 
duction with  zinc  dust,  and  still  other  compounds  not  containing 
nitrogen,  such  as  levulinic  acid,  give  the  reaction  after  treatment 
with  ammonia  and  zinc  dust.  As  a  means  of  showing  that  soils 
differ  in  their  organic  constituents  the  pyrrol  reaction  has  been 
applied  to  a  number  of  soils,  (1)  by  dry  distillation  of  the  soil  ex- 
tract, (2)  by  distilling  the  soil  extract  with  zinc  dust,  and  (3)  by 
distilling  the  soil  extract  with  zinc  dust  and  ammonia.  The  pro- 
cedure was  as  follows : 

One  hundred  grams  of  soil  were  treated  with  two  hundred  and  fifty 
cubic  centimeters  of  water,  stirred  for  two  hours,  and  filtered ;  por- 
tions of  the  filtrate,  after  evaporation  to  dryness,  were  heated  in  a 
test  tube,  one  alone,  two  with  zinc  dust,  three  with  ammonia  added 
with  zinc  dust,  and  were  evaporated  to  dryness  and  then  distilled. 
In  the  absence  of  any  standard  depth  of  color  for  comparison  the 
intensity  of  the  reactions  is  estimated  as  very  faint,  faint,  fair,  etc. 

There  is,  of  course,  a  personal  factor  here,  but  the  chief  point  is 
that  soils  differ  in  respect  to  the  intensity  of  this  reaction  and  the 
treatment  by  which  it  is  brought  about.  The  soils  examined  were 
such  as  were  available  in  the  laboratory  at  the  time.  The  exact 
location  was  unknown  in  a  few  cases,  so  this  particular  has  been 
omitted  in  all  cases.     The  results  obtained  are  shown  in  Table  5. 


Table  5.- 

-Pynol  reaction  color  developed 

Soil  type 

Direct 

With  zinc 
dust 

With  zinc 
dust  and  NHi 

Wftshburn  loam           . .... 

Strong 

Very  strong. 
Fair 

Strong. 

Very  faint .. 

Strong. 
Do 

South  Carolina  sand     .. 

do. 

Do 

Faint 

do 

Fair. 

Do      

Faint. 

Carrlngton  loam 

Very  faint .. 

Fair    

Strong. 

Marshal  loam                      -  ..      .                .  . 

do     . 

Do 

Miami  sandy  clay  loam. 

Strong 

Faint 

Fair     ... 

Do 

Faint. 

Fair. 

Michigan  muck 

Strong 

Very  strong. 

Very  strong. 
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It  will  be  noted  that  the  muck  soil  was  the  only  one  that  gave  a 
direct  test  of  any  intensity.  Nine  of  the  twelve  soils  gave  a  good 
test  after  reduction  with  zinc  dust,  and  with  one  exception  the  color 
was  more  intense  with  ammonia.  Several  soils  in  this  series  were 
of  undetermined  type.  No.  6  was  the  original  of  No.  5,  the  latter 
having  had  a  green-manure  crop  plowed  in  for  several  years. 

The  fact  that  the  pyrrol  reaction  with  zinc  dust  and  ammonia  may 
be  given  by  such  a  large  number  of  compounds  of  course  makes  it 
impossible  to  interpret  it  in  terms  of  any  compound  or  group  of 
compounds,  but  the  fact  that  Soils  differ  markedly  in  the  intensity 
of  this  reaction  makes  it  possible  to  utilize  this  test  as  a  means  of 
showing  differences  in  the  kind  of  organic  matter. 

IODOFORM  REACTION 

When  a  solution  of  iodine,  in  potassium  iodide,  is  added  to  certain 
organic  compounds  dissolved  in  sodium  hydroxide  iodoform  is 
formed.  Some  compounds,  such  as  acetone  and  levulinic  acid,  give 
iodoform  under  these  conditions  immediately  in  the  cold,  others, 
such  as  ethyl  alcohol,  giving  it  only  after  warming  the  mixture. 
According  to  Lieben  (8)  most  compounds  containing  the  CHsCO.C 
and  CH3CHOH.C  groups  give  iodoform  in  this  way. 

Many  alkaline  extracts  of  soils  (humus  extracts)  when  treated 
with  a  solution  of  iodine  in  potassium  iodide  give  iodoform,  which 
is  easily  identified  by  its  crystalline  appearance,  6-sided  plates  or 
stars  with  lines  radiating  from  the  center.  This  formation  of  iodo- 
form has  not  been  connected  with  the  presence  of  any  known  organic 
soil  constituent,  and  though  it  has  been  established  that  some  soils 
give  it  and  others  do  not  it  has  not  thus  far  been  shown  to  be  char- 
acteristic of  any  tj^pe  of  soil.  In  carrying  out  this  test  an  odor  of 
iodoform  is  not  conclusive.  The  test  should  not  be  applied  to 
samples  of  soil  that  have  previously  been  treated  with  alcohol  or 
acetone. 

CARBOHYDRATE  REACTIONS 

The  reaction  for  carbohydrates  most  generally  applicable  to  soil 
extracts  or  fractions  prepared  from  soils  is  that  known  as  the  Molisch 
reaction.  This  is  carried  out  by  placing  a  few  cubic  centimeters 
of  the  solution  to  be  tested  in  a  test  tube,  adding  a  few  drops  of  an 
alcoholic  solution  of  a-naphthol,  and  then  adding  concentrated  sul- 
phuric acid  in  such  a  way  that  it  runs  down  the  side  of  the  tube  and 
forms  a  separate  layer  below.  If  carbohydrates  are  present  a  red 
or  purple  ring  is  formed  at  the  junction  of  the  two  layers.  When 
this  color  is  very  quickly  developed  it  is  usually  worth  while  to  carry 
the  investigation  further.  The  reaction  is  so  delicate  that  traces 
of  filter-paper  fiber,  dust,  etc.,  are  often  sufficient  to  give  it.  The 
sulphuric  acid  and  the  solution  to  be  tested  must  be  free  of  nitrous 
acid,  or  misleading  results  will  be  obtained. 

Extracts  or  solutions  that  give  a  positive  Molisch  reaction  may  or 
may  not  reduce  Fehling's  solution.  In  the  latter  case  usually  tliere 
is  present  some  carbohydrate  that  gives  a  reducing  sugar  on  hydrol- 
ysis; consequently  when  the  Molisch  test  is  positive  and  Fehling's 
solution  negative  the  material  should  be  subjected  to  hydrolysis 
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with  sulphuric  or  hydrochloric  acid.  Iron  should  be  removed  from 
the  resulting  product  and  the  solution  neutralized  before  being  tested 
for  reducing  sugars. 

No  definite  conditions  for  hydrolysis  can  be  laid  down.  The  op- 
timum for  time  of  heating  and  strength  of  acid  can  be  determined 
only  by  experiment.  For  instance,  it  has  been  found  that  some  soil 
extracts  containing  pentose-yielding  material  give  the  maximum 
amount  of  reducing  sugar  on  simply  being  brought  to  the  boiling 
point  with  10  per  cent  hydrochloric  acid;  after  boiling  for  five  min- 
utes the  reducing  sugar  has  been  completely  destroyed. 

Eeactions  of  carbohydrates  with  phenylhydrazine  and  its  deriva- 
tives forming  hydrazones  or  ozazones  are  not  applicable  to  soil  ex- 
tracts or  fractions  containing  much  other  material.  They  are  of 
value  only  when  considerable  of  the  carbohydrate  has  been  separated 
in  a  fairly  pure  form. 

PHENOL  REACTIONS 

If  a  blue  or  bluish-purple  color  is  produced  when  a  few  drops  of  a 
dilute  solution  of  ferric  chloride  are  added  to  an  aqueous  extract 
of  soil  or  to  any  aqueous  fraction  that  has  been  neutralized,  it  in- 
dicates the  presence  of  phenolic  compounds ;  that  is,  compounds  con- 
taining a  benzene  nucleus  in  which  one  or  more  hydrogens  have  been 
replaced  by  a  hydroxol  .OH.  radical. 

The  following  precautions  should  be  observed  in  making  this  test. 
It  should  not  be  performed  with  hot  solutions.  Excess  of  ferric 
chloride  should  be  avoided.  The  color  obtained  is  sometimes  tran- 
sitory, and  this  should  be  kept  in  mind  in  making  the  test. 

Many  aromatic  compounds  may  contain  hydroxyls  in  the  benzene 
ring  that  are  not  true  phenols,  such  as  hydroxy  acids  like  salicylic 
or  aldehydes  like  salicylic  aldehyde.  These  usually  give  blue  to  pur- 
ple colors  with  ferric  chlorides.  The  test  should,  therefore,  be  in- 
terpreted to  indicate  the  presence  of  aromatic  compounds  in  which 
one  or  more  hydrogens  are  replaced  by  hydroxyl  but  may  also 
contain  other  substituting  radicals  such  as  carboxyl   (COOH). 

ALDEHYDE   REACTIONS 

Aldehyde  reactions  can  seldom  be  obtained  with  a  water  extract 
of  a  soil  but  often  can  be  obtained  with  a  distillate  from  steam 
distillation.  This  is  especially  true  if  such  material  be  concentrated 
by  extracting  the  distillate  with  ether,  evaporating  off  the  ether  on 
the  surface  of  a  small  quantity  of  water,  and  applying  the  tests  to 
the  water  solution. 

If  much  material  is  extracted  from  the  distillate  it  is  best  to 
shake  the  ether  extract  with  a  saturated  solution  of  sodium  bisulphite 
by  which  treatment  aldehydes  are  removed  from  the  ether  and  can 
be  recovered  from  the  bisulphite  by  acidifying,  driving  off  the  sul- 
phur dioxide,  and  shaking  with  ether  again. 

This  treatment  effects  no  concentration  but  separates  the  aldehydes 
from  other  material  that  may  mask  or  interfere  with  tests  applied. 
The  quantity  of  aldehydes  obtained  on  steam  distillation  is  usually 
very  small,  but  relatively  large  quantities  can  sometimes  be  obtained 
from  the  acid  filtrate  on  acidifying  a  humus  extract  in  sodium 
hydroxide.    On  shaking  out  this  filtrate  with  ether,  followed  by  the 
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bisulphite  treatment  outlined  above,  sufficient  material  can  usually 
be  obtained  for  definite  establishment  of  its  aldehyde  character. 

The  reaction  best  adapted  to  the  identification  of  aldehyde  solu- 
tions thus  prepared  is  that  obtained  with  a  fuchsine  reagent.  This 
is  prepared  by  dissolving  fuchsine  or  one  of  its  salts  in  a  cold  sat- 
urated solution  of  sulphur  dioxide  and  allowing  it  to  stand  until 
the  pink  color  disappears  and  the  colorless  or  yellow  solution  is 
diluted  with  water.  Aldehydes  in  solution,  when  added  to  this 
reagent,  restore  the  pink  color  in  a  very  short  time.  Those  difficultly 
soluble  may  require  a  longer  time.  If  sufficient  soil  be  used  this 
aldehyde  reaction  can  be  obtained  from  the  majority  of  soils.  Many 
aromatic  aldehydes  contain  a  hydroxyl  group,  and  these  give  colors 
from  red  to  blue  or  purple  with  ferrfc  chloride,  as  was  noted  in  the 
discussion  of  phenol  reactions. 

In  as  much  as  nearly  all  soils  give  aldehyde  reactions,  utilization 
of  this  test  in  distinguishing  between  soils  consists  chiefly  of  observ- 
ing the  intensity  of  the  reaction. 

FLUORESCEIN  TEST 

When  phthalic  anhydride  and  resorcinol  are  fused  together,  the 
fused  mass  taken  up  in  water,  and  sodium  hydroxide  added,  a  red 
solution  is  obtained,  which  on  dilution  becomes  yellow,  with  a  very 
strong  green  fluorescence.  This  is.  due  to  the  formation  of  fluorescein, 
a  compound  that  is  the  basis  of  several  dyes  (eosins).  The  term 
fluorescein  is  properly  applied  only  to  that  formed  from  phthalic 
anhydride,  derived  from  phthalic  acid,  an  ortho  compound 

COOH 

,  the  anhydride  being  written 

However,  several  anhydrides  of  aliphatic  acids  yield  compounds  with 
similar  properties  when  fused  with  resorcinol,  and  the  term  fluores- 
cein is  usually  applied  to  them. 

Various  soil  organic  fractions  have  been  found  to  give  the  fluorescent 
solutions  characteristic  of  the  fluoresceins  when  they  are  fused  with 
resorcinol,  the  mass  taken  up  in  water,  and  sodium  hydroxide  added. 

There  is,  at  joresent,  no  reason  to  suspect  the  presence  of  phthalic 
acid  or  anhydride  in  soils,  but  of  the  aliphatic  acids  (anhydrides) 
known  to  give  this  reaction — succinic^  maleic,  and  citraconic — suc- 
cinic has  been  found  in  soils,  and  a  positive  result  may  be  interpreted 
as  indicating  the  presence  of  a  dicarboxylic  acid  or  its  anhydride, 
probably  succinic.  Soils  differ  markedly  in  respect  to  this  reaction, 
some  not  giving  it  at  all  and  others  in  different  intensities. 

SUMMARY 

In  this  bulletin  there  are  presented  results  obtained  in  the  study  of 
a  number  of  tests  and  reactions  used  in  showing  differences  in  the 
organic  matter  of  soils. 

These  results  and  the  conclusions  reached  may  be  summarized  as 
follows : 

The  dark  color  of  the  alkali  extracts  of  soils  (humus  extract)  is 
not  due  to  the  absorption  of  oxygen  during  the  process  of  extraction, 
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and  such  color  can  not  be  considered  an  indication  of  the  presence  of 
phenolic  compounds. 

Measurement  of  the  quantity  of  organic  matter  by  comparing  the 
depth  of  color  of  humus  extracts  is  not  possible ;  but  the  fact  that  the 
shades  of  color  obtained  differ  can  be  offered  as  proof  of  differences 
in  kind  of  organic  matter. 

When  a  soil  is  suspended  in  dilute  alkali  and  air  or  oxygen  is 
passed  through  it  there  is  an  absorption  of  oxygen  and  formation  of 
an  alkali  carbonate.  The  oxygen  absorbed  can  be  measured  as  can 
the  carbon  dioxide  liberated  after  acidifying  the  suspension.  This 
absorption  of  oxygen  and  formation  of  carbonate  is  different  in 
different  soils. 

On  making  an  alkaline  extract  of  a  soil  and  fractionating  this, 
nitrogen  is  found  in  all  fractions,  as  well  as  in  the  soil  residue.  The 
percentage  of  the  total  nitrogen  found  in  the  various  fractions  varies 
with  the  soil. 

The  presence  of  two  classes  of  organic  nitrogenous  compounds  not 
usually  considered  in  discussing  soil  nitrogen  is  indicated.  These  are 
chitin,  and  its  derivative  glucosamine,  and  some  member  of  the  indol 
group. 

The  results  of  acid  hydrolysis  of  soils  from  a  nitrogen  standpoint 
are  discussed,  and  this  is  pointed  out  as  a  method  of  showing  differ- 
ences in  soil  organic  matter. 

The  use  of  alcohol,  water,  and  alternate  alcohol  and  water  extrac- 
tion as  a  means  of  showing  differences  in  the  organic  matter  of  soils 
is  discussed. 

The  fate  of  organic  nitrogen  compounds  in  soils,  when  subjected 
to  oxidation  with  hydrogen  peroxide,  is  stated;  and  this  treatment 
is  proposed  as  a  means  of  showing  differences  in  the  organic  nitrogen 
content  of  soils. 

The  occurrence  of  volatile  organic  compounds  in  soils  is  discussed, 
and  a  new  method  of  investigation  along  this  line  is  reported. 

The  formation  of  azophenine,  when  some  soils  are  heated  with 
aniline,  is  described,  and  this  formation  is  suggested  as  a  means  of 
showing  the  presence  or  absence  of  some  as  yet  unknown  organic  soil 
constituents. 

There  is  presented  a  short  discussion  of  a  number  of  general  re- 
actions that  may  be  applied  to  soil  extracts  or  fractions.  Among 
these  are  the  pyrrol  and  fluorescein  reactions. 
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INTRODUCTION 

It  is  usually  the  custom  to  express  the  mechanical  composition  of 
finely  divided  natural  phosphates  in  terms  of  the  percentages  of 
material  passing  through  or  retained  by  sieves  of  various  mesh  size. 
This  method  of  mechanical  analysis  has  a  serious  disadvantage  in 
that  it  does  not  give  any  information  on  the  size  distribution  of  the 
material  passing  through  the  sieve  of  smallest  mesh  used  in  the  test. 
The  sieves  now  available  for  practical  use  are  limited  to  a  fineness 
not  exceeding  325  mesh,  corresponding  to  a  mesh  opening  of  about 
0.044  millimeter,  or  44/x. 

In  experiments  with  finely  divided  natural  phosphates,  accurate 
information  on  their  mechanical  composition  is  often  of  primary 
importance,  particularly  as  regards  the  distribution  of  particle  size 
in  the  material  passing,  for  example,  a  300-mesh  or  325-mesh  sieve. 
When  commercial  phosphate  rock  is  ground  by  a  uniform  procedure 
so  that  a  certain  percentage  will  pass  through  a  sieve  of  a  given 
mesh,  the  size  distribution  of  the  material  passing  through  the  sieve 

1  The  authors  express  their  appreciation  to  W.  H.  Fry  for  assistance  in  the  microscopical 
examination  of  the  mechanical  separates,  to  H.  E.  Middleton  for  assistance  in  the  experi- 
mental determination  of  the  settling  velocities  of  5,^  phosphate  particles,  and  to  Hubert 
Lakin  and  Mrs.  Dorotha  M.  Darnell,  of  the  soil  physics  laboratory,  for  assistance  in  the 
analytical    work. 
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will  vary  considerably  with  the  grade  and  type  of  rock  and  also 
when  the  rock  is  of  the  same  grade  and  type  with  different  grind- 
ing methods.  The  various  types  of  hard  phosphate  rock  frequently 
occur  in  deposits  which  also  contain  considerable  naturally  very 
finely  divided  phosphate  which  has  physical  properties  similar  to 
those  of  the  soil  clays  and  usually  contains  considerable  colloidal 
phosphate  (4).^  Sieve  tests  on  this  type  of  phosphate  are  of  no 
significance,  inasmuch  as  frequently  less  than  5  per  cent  by  weight 
of  the  material  is  retained  on  a  300-mesh  sieve  and  as  much  as  90 
per  cent  is  composed  of  particles  5/a  and  less  in  diameter. 

METHODS  OF  MECHANICAL  ANALYSIS 

It  is  evident  that  it  is  desirable  to  have  a  method  of  analysis  which 
will  give  reliable  information  on  the  distribution  of  particle  size 
in  the  subsieve  fractions  of  finely  divided  natural  phosphates.  A 
search  of  the  literature  revealed  a  total  lack  of  information  in  regard 
to  accurate  methods  for  the  mechanical  analysis  of  these  materials. 
Considerable  work  has  been  done,  however,  on  methods  of  determin- 
ing the  distribution  of  particle  size  in  the  subsieve  fractions  of  a 
wide  variety  of  other  materials.  These  methods  may  be  grouped  into 
two  general  classes,  namely,  those  in  which  the  separations  are  made 
in  a  gaseous  medium,  usually  by  air  currents,  and  those  in  whict 
the  separations  are  made  in  a  liquid  medium,  usually  water. 

Air-separation  methods  have  not  been  generally  used  except  on 
materials  that  react  with  or  are  appreciably  soluble  in  water.  So 
many  difficulties  in  the  matter  of  the  quantitative  separation  and 
recovery  of  the  fine  fractions  arise  in  these  methods  that  they  can 
not  be  considered  desirable  for  accurate  work.  Finely  ground  phos- 
phatic  materials  tend  to  form  small,  rather  closely  cohering  aggre- 
gates which  are  not  readily  broken  up  into  the  individual  particles 
by  agitation  with  air.  It  is  also  obvious  that  air-separation  methods 
fail  entirely  with  ground  materials  that  have  been  allowed  to  become 
wet,  and  also  with  materials,  such  as  the  claylike  phosphates,  which 
in  their  natural  state  are  composed  of  comparatively  soft  aggregates 
of  very  fine  individuallparticles. 

Methods  in  which  the  separations  are  made  in  a  liquid  medium, 
usuall]^  water,  have  been  used  for  many  years  in  the  mechanical 
analysis  of  soils  and  similar  materials.  These  methods,  of  which 
there  are  several  types,  are  all  based  on  the  well-known  fact  that 
the  smaller  particles  in  liquid  suspension  fall  more  slowly  than  the 
larger  ones.  Olmstead,  Alexander,  and  Middleton  (9)  have  recently 
pointed  out  the  difficulties  encountered  in  some  of  the  water-suspen- 
sion methods  and  have  outlined  a  pipette  method  for  the  mechanical 
analysis  of  soils,  based  on  an  improved  dispersion  procedure,  using 
0.005  N  sodium  oxalate  as  the  dispersing  agent.  In  the  pipette 
method  of  mechanical  soil  analysis,  a  10-gram  sample  is  treated  with 
hydrogen  peroxide  to  remove  organic  matter,  washed  to  remove 
soluble  substances,  and  shaken  in  a  sodium  oxalate  solution  to  break 
down  soil  aggregates  and  maintain  their  dispersion. 

The  particles  of  silt  and  clay,  after  separation  from  the  sandsj 
are  suspended  in  1  liter  of  dilute  sodium  oxalate  solution.     After  a 

'  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  23. 
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definite  time  a  portion  of  the  suspension  is  pipetted  off  at  a  certain 
depth,  evaporated  to  dryness,  and  weighed.  This  sample  contains  an 
exact  aliquot  of  the  material  in  the  sample  below  a  certain  size. 
Stokes's  equation  of  the  fall  of  solid  spheres  in  a  viscous  medium 
gives  a  relation  between  the  settling  velocity  of  particles,  the  density 
and  viscosity  of  the  fluid  medium,  the  density  of  the  solid  particle, 
and  a  shape  factor. 

In  order  to  apply  this  pipette  method  of  mechanical  analysis  to 
the  natural  phosphates  it  becomes  necessary  (1)  to  determine  the 
dispersion  produced  by  chemical  deflocculents,  (2)  to  determine  the 
density  of  the  material  and  the  shape  factor  as  required  in  Stokes's 
formula,  and  (3)  to  consider  the  effect  of  the  density  and  viscosity 
of  the  fluid  medium  as  influenced  by  temperature  changes.  In  the 
pipette  method  actual  separations  of  fine  material  of  silt  and  clay 
sizes  are  not  made.  Separations  of  large  samples  of  natural  phos- 
phates were,  therefore,  very  carefully  made  in  order  to  provide  a 
basis  of  comparison  of  the  determinations  by  the  pipette  method. 
These  determinations  and  an  outline  of  the  method  of  mechanical 
analysis  based  thereon  were  the  subject  of  this  investigation. 

TYPES  OF  NATURAL  PHOSPHATES  USED  IN  THE  INVESTIGATION 

It  is  important  that  any  method  for  the  mechanical  analysis  of 
finely  divided  natural  phosphates  shall  be  applicable  to  all  types  of 
these  materials,  particularly  those  of  economic  importance.  Con- 
sequently, the  present  investigation  was  extended  to  include  all  the 
commercial  types  of  natural  phosphate  produced  in  the  United  States 
at  the  present  time. 

In  the  order  of  their  present  commercial  importance,  the  domestic 
types  of  natural  phosphates  are  as  follows :  Florida  land  pebble  (7, 
15) ;  Tennessee  brown  rock  (15)  ;  Florida  hard  rock  (7,15)  ;  Tennes- 
see blue  rock  (15) ;  the  phosphates  of  Idaho,  Montana,  Utah,  and 
Wyoming  (6, 15)  ;  the  soft  and  "  waste-pond  "  phosphates  of  Florida 
(^,  7)  ;  and  .South  Carolina  phosphate  (H,  15).  The  general  char- 
acteristics of  the  phosphates  and  the  nature  and  extent  of  the  de- 
posits are  discussed  in  the  publications  cited. 

The  South  Carolina  deposits  were  formerly  an  important  source 
of  phosphate  rock  in  the  United  States.  Exploitation  of  these  de- 
posits ceased,  however,  several  years  ago,  owing  to  the  low  grade  of 
the  rock  and  the  cost  of  mining  in  competition  with  Florida  land- 
pebble  phosphate.  This  type  of  phosphate  was  not  included  in  the 
present  investigation  because  large  samples  representative  of  the 
commercial  product  were  not  available. 

As  the  name  implies,  Florida  soft  phosphate  is  a  soft,  claylike 
material.  It  is  commonly  closely  associated  wath  both  the  Florida 
land-pebble  and  hard-rock  phosphates,  but  it  occurs  to  a  greater 
extent  in  the  hard-rock  than  in  the  land-pebble  deposits.  Individual 
deposits  of  variable  size  are  in  both  districts.  During  the  process 
of  preparing  Florida  hard-rock  phosphate  for  the  market,  the  soft 
phosphate  present  in  the  matrix  is  washed  into  waste  ponds,  where 
it  settles  out  with  the  clay  and  other  impurities,  the  finer  particles 
concentrating  at  points  farthest  from  the  entrance  to  the  ponds.  The 
abandoned  waste  ponds  in  the  Florida  hard-rock  phosphate  district 
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contain  a  considerable  tonnage  of  this  material,  which  is  used  to 
some  extent  as  a  fertilizer.  The  waste  ponds  in  the  Florida  land- 
pebble  district  contain  a  much  smaller  percentage  of  finely  divided 
phosphates  than  those  in  the  hard-rock  district.  For  the  purpose 
of  this  bulletin,  the  fine  phosphatic  material  settling  out  in  the 
Florida  hard-rock  phosphate  waste  ponds  will  be  referred  to  as 
waste-pond  phosphate.  This  material  and  the  soft  phosphate  from 
which  it  is  derived  are  usually  composed  of  very  fine  particles,  a  large 
percentage  of  which  are  colloidal  in  size  (^). 

Samples  representing  shipments  of  commercial  grades  of  Florida 
land-pebble,  hard-rock,  and  waste-pond  phosphates;  Tennessee 
brown-rock  and  blue-rock  phosphates;  and  Idaho  and  Wvoming 
phosphates  were  used  in  this  investigation.  The  Florida  soft  phos- 
phate (No.  728)  was  not  a  commercial  material,  the  sample  being 
obtained  directly  from  an  individual  deposit. 

The  Florida  soft  and  waste-pond  phosphates  were  obtained  in 
the  form  of  comparatively  soft  lumps,  which,  for  use  in  the  experi- 
ments, were  crushed  to  pass  a  10-mesh  sieve.  Grinding  during  the 
crushing  operation  was  avoided  as  much  as  possible,  in  order  not 
to  break  up  hard  particles  that  might  otherwise  fail  to  disintegrate 
under  the  action  of  water  and  dispersing  agents  alone. 

The  other  types  of  phosphate  were  obtained  in  the  form  of  hard 
pebbles,  lumps,  or  massive  pieces,  depending  on  the  type  of  rock. 
They  were  first  crushed  to  about  10-mesh  size  and  then  ground  to 
pass  a  100-mesh  sieve  having  openings  of  0.147  millimeter  square. 
In  the  grinding,  which  was  done  as  uniformly  as  possible  in  a  ro- 
tary-disk power  mill,  the  entire  sample  was  run  through  the  mill 
and  the  100-mesh  material  sieved  out,  the  operation  being  repeated 
until  the  sample  was  completely  reduced  to  the  desired  fineness. 
The  method  of  grinding  was  duplicated  as  closely  as  possible  on  all 
the  samples  of  hard  phosphate,  in  order  to  determine  whether  the 
distribution  of  particle  size  in  the  material  finer  than  50/a  varies 
considerably  with  the  type  and  grade  of  rock. 

SEPARATIONS  ON  LARGE  SAMPLES  WITHOUT  THE  USE  OF 
DISPERSING  AGENTS 

As  in  other  types  of  analytical  procedures,  accurate  standards  are 
of  primary  importance  in  the  development  of  methods  of  mechanical 
analysis.     Such  standards  are,  however,  usually  very  hard  to  pre- 

Eare,  owing  to  the  difficulty  of  accurately  determining  the  distri- 
ution  of  particle  size  independently  of  mechanical-analysis  methods 
themselves.  Because  of  the  wide  variations  in  the  physical  and 
chemical  characteristics  of  different  types  of  finely  divided  materials 
it  is  essential,  also,  that  the  standards  should  be  prepared  from  the 
same  type  of  material  as  that  upon  which  the  method  is  to  be  used. 
Most  methods  of  mechanical  analysis  have  been  designed  to  give 
reproducible  and  comparative  values  rather  than  absolute  values,  as 
shown  by  the  widely  varying  results  often  obtained  on  the  same 
samples  by  different  methods. 

Preliminary  experiments^  indicated  that  it  might  be  possible  to 

8  Prior  to  the  present  Investigation,  L.  B.  Olmstead  of  the  soil  physics  laboratory  of  this 
bureau  had  made  several  large-scale  separations  of  finely  divided  natural  phosphates,  using 
ammonium  hydroxide  as  a  dispersing  agent. 
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separate  finely  divided  natural  phosphates  quantitatively  into  the 
desired  groups  of  particle  sizes  by  means  of  water  sedimentation 
without  the  use  of  dispersing  agents,  the  progress  and  accuracy  of 
the  separation  being  determined  by  means  of  the  microscope.  The 
results  obtained  by  such  a  procedure  would  be  independent  of  many 
of  the  variable  factors  encountered  in  the  indirect  methods  of  deter- 
mining particle  sizes  and  would  serve  as  standards  in  the  develop- 
ment of  analytical  methods. 

For  the  purpose  of  the  present  investigation  it  was  thought  best  to 
effect  the  separations  into  fractions  having  the  same  range  of  par- 
ticle size  as  customarily  used  in  the  mechanical  analysis  of  soils  in 
the  United  States;  namely,  (1)  particles  greater  than  50/>i  in  diam- 
eter; (2)  particles  from  50/x  to  5/a;  and  (3)  less  than  5/*.  Following 
the  terminology  used  in  soil  analysis,  the  material  comprising  these 
classes  will  be  designated  as  (1)  "  sand,"  (2)  "  silt,"  and  (3)  "  clay." 
It  should  be  noted,  however,  that  these  terms  are  used  in  this  bulletin 
only  for  the  sake  of  convenience,  and  in  order  to  avoid  any  implica- 
tion that  the  chemical  composition  of  the  material  is  similar  to  that 
of  the  soil  they  will  always  be  inclosed  in  quotation  marks.  In  soil 
analysis,  the  sand  fraction  includes  particles  ranging  from  2,000/x  to 
50/A  in  diameter  and  is  customarily  divided  into  five  size  classes  by 
means  of  sieves.  In  this  bulletin  all  particles  coarser  than  60fi  in 
diameter  are  designated  as  "sand,"  no  further  separation  of  this 
fraction  into  size  classes  being  made. 

METHOD  OF  LARGE-SCALE  SEPARATION 

In  order  to  obtain  sufficient  material  for  specific-gravity  determi- 
nations and  for  future  chemical  and  physical  studies,  separations 
were  attempted  on  800-gram  samples  of  each  type  of  the  natural 
phosphates.     The  procedure  used  is  described  in  detail,  as  follows : 

Eight  hundred  grams  of  the  phosphate  was  weighed  into  a  2.5-liter 
bottle,  a  small  sample  also  being  weighed  out  for  moisture  determina- 
tion at  105°  C.  The  bottle,  to  which  2  liters  of  distilled  water  was 
added,  was  vigorously  agitated  for  one  hour  in  a  mechanical  shaker. 
The  larger  particles  were  then  allowed  to  settle  and  the  upper 
portion  of  the  suspension  was  decanted  through  a  300-mesh  sieve  * 
into  2-liter  cylinders,  the  process  being  repeated  until  the  suspension 
in  the  bottle  settled  clear  after  standing  for  10  minutes.  The  object 
of  this  treatment  was  to  separate  discrete  particles  coarser  than  300 
mesh  from  the  finer  discrete  particles  and  aggregates.  During  the 
first  stages  of  this  separation  sufficient  time  was  allowed  prior  to 
decantation  to  prevent  the  sieve  from  becoming  clogged.  After  re- 
moval of  the  greater  portion  of  the  fine  material,  the  time  of  standing 
was  shortened  so  that  some  of  the  particles  larger  than  50/x  were 
decanted  and  caught  on  the  sieve.  The  material  collected  on  the 
sieve  was  washed  back  into  the  shaker  bottle  after  each  decantation 
so  that  the  sieve  was  always  clean  at  the  beginning  of  the  pouring. 
This  routine  was  continued  until  a  microscopical  examination  showed 
that  the  material  remaining  in  the  shaker  bottle  contained  no  par- 
ticles finer  than  5/a  and  only  a  comparativlely  small  quantity  of 

*  The  300-mesh  sieve  used  in  this  investigation  was  fitted  with  Tyler  phosphor  bronze 
twilled  wire  cloth,  whicti  passes  material  finer  than  50^  equivalent  diameter. 
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material  finer  than  50/x.  This  material  was  then  dried  at  105°  C. 
and  dry  sieved  on  a  300-mesh  screen  until  only  a  negligible  quantity 
of  fine  material  was  obtained  bv  further  sieving.  The  coarser  frac- 
tion was  composed  of  particles  naving  at  least  two  dimensions  larger 
than  50ju,  and  the  particles  passing^the  sieve  represented  a  portion 
of  the  material  between  50/x  and  6fx  in  diameter. 

With  several  of  the  samples  the  suspended  material  decanted  into 
the  2-liter  cylinders  flocculated  quite  rapidly,  ^ving  comparatively 
clear  supernatant  liquids.  In  such  cases  the  liquid  was  filtered  off 
by  means  of  Pasteur-Chamberland  tubes  (grade  F)  in  order  to  re- 
move the  soluble  salts  causing  flocculation,  and  the  residue  was 
thoroughly  agitated  with  the  suspension  subsequently  obtained  by 
shaking  tne  material  remaining  in  the  shaker  bottle  with  a  fresh 
portion  of  water.  This  operation  was  repeated  until  the  material 
in  the  cylinders  remained  in  suspension  for  8  to  10  hours.  The  filter 
tubes  were  then  removed  and  the  adhering  material  was  washed  back 
into  the  cylinders.  With  some  of  the  phosphates  the  very  fine  par- 
ticles decanted  into  the  cylinders  remained  in  suspension  for  the 
desired  length  of  time  from  the  beginning  of  the  separation.  In 
such  cases  filtering  and  washing  were  unnecessary.  The  suspensions 
obtained  in  this  way  were  composed  of  particles  smaller  than  50/w. 
in  diameter. 

After  the  separation  at  60/a  was  complete  the  following  procedure 
was  used  to  separate  the  material  into  particles  50/x  to  5ju,  in  diameter 
and  particles  smaller  than  5/a  in  diameter,  respectively.  The  sus- 
pended material  was  thoroughly  agitated  by  churning  with  a  rod 
equipped  with  a  perforated  brass  plate  having  holes  1  millimeter  in 
diameter.  The  suspension  was  allowed  to  stand  until  a  microscopic 
examination  of  the  material  remaining  in  suspension  showed  that 
all  particles  larger  than  5/jt  had  settled  to  the  bottom  of  the  cylinder. 
Eight  hours  was  sufficient  for  this  purpose.  A  siphon  was  then 
lowered  into  the  cylinder  to  a  distance  of  at  least  5  centimeters 
above  the  top  of  the  layer  of  settled  material,  the  total  height  of  the 
column  of  liquid  having  been  previously  regulated  so  that  siphoning 
was  done  at  a  depth  of  about  20  to  25  centimeters.  The  process  of 
agitating  with  water  and  settling  for  eight  hours  was  repeated 
until  the  liquid  siphoned  off  was  comparatively  free  from  suspended 
material.  The  material  remaining  in  the  cylinder  contained,  how- 
ever, an  appreciable  percentage  of  particles  smaller  than  5fi  in 
diameter. 

In  order  to  effect  a  final  and  practically  complete  separation  of 
the  5/A  material  the  time  allowed  for  settling  was  progressively 
shortened.  At  each  change  in  the  settling  time  the  material  si- 
phoned off  was  carefully  examined  under  the  microscope  in  order 
to  make  sure  that  no  particles  larger  than  5/*  were  carried  over. 
This  process  was  continued  very  carefully  until  the  weight  of  parti- 
cles smaller  than  5/x  in  diameter  remaining  in  the  cylinders  was 
insignificant  in  comparison  with  the  total  weight  of  material  left 
behind,  as  determined  by  microscopical  examination.  The  material 
lemaining  in  the  cylinders  constituted  the  greater  portion  of  the 
"  silt "  fraction  of  the  original  sample.  It  was  evaporated  on  a 
steam  bath  and  dried  in  an  oven  at  105°  C.  The  dry  product  was 
then  combined  with  the  "  silt  "  material  separated  from  the  "  sand  " 
fraction  by  dry  sieving,  as  previously  described. 
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The  material  siphoned  from  the  cylinders  constituted  the  "  clay  " 
fraction.  It  was  concentrated  either  by  means  of  Pasteur-Chamber- 
land  filters  or  by  evaporation  on  a  steam  bath,  with  final  drying 
in  an  oven  at  105°  C. 

As  a  final  check  on  the  efficiency  of  the  separation  the  three 
fractions  of  dry  material  were  carefully  examined  under  the  micro- 
scope. In  no  case  did  the  "  silt "  fraction  contain  more  than  an 
insignificant  quantity  of  "  clay "  particles.  Examination  of  the 
"  clay  "  fraction  for  "  silt  "  particles  was  difficult  because  of  the  state 
of  aggregation  of  the  particles  after  drying.  Owing  to  the  possible 
inclusion  of  "  silt "  particles  the  values  obtained  for  "  clay  "  may 
be  somewhat  too  large,  but  it  is  believed  that,  because  of  the  care 
taken  in  making  the  separations,  the  error  on  this  account  was  very 
small.  An  exact  separation  at  5/x  can  not  be  hoped  for  (or  expected) 
even  if  all  the  particles  near  5fjL  had  the  same  hydraulic  value.  It 
must  be  assumed  that  the  small  amount  of  "  silt  "  carried  over  in  the 
"  clay "  fraction  is  compensated  by  a  corresponding  quantity  of 
coarse  "  clay  "  left  in  the  "  silt  "  fraction.  The  "  sand  "  and  "  silt  " 
fractions  were  free  of  aggregates  except  those  composed  of  particles 
originally  cemented  together  by  material  insoluble  in  water. 

The  time  required  to  make  a  quantitative  separation  on  800  grams 
of  material  by  the  method  just  described  depends  upon  the  ease  with 
which  dispersion  of  the  very  fine  particles  is  obtained.  With  the 
facilities  and  apparatus  available  in  the  average  mechanical-analysis 
laboratory,  it  will  usually  require  from  10  to  14  days  to  make  a  com- 
plete separation  of  the  more  easily  dispersed  types  of  phosphate  by 
this  method.  Even  with  prolonged  washing,  some  samples  of  phos- 
phate will  not  remain  suspended  in  pure  water  long  enough  to  allow 
separation  into  the  mechanical  fractions,  and  in  such  cases  it  is 
necessary  to  use  a  dispersing  agent.  Lithium  oxalate  serves  very 
well  for  this  purpose,  since,  so  far  as  is  known  to  the  writers,  ap- 
preciable quantities  of  lithium  do  not  ordinarily  occur  in  the  natural 
phosphates,  and  consequently  the  use  of  this  salt  does  not  interfere 
with  the  chemical  analysis  of  the  separates.  In  the  case  of  samples 
requiring  a  dispersing  agent,  a  concentration  of  lithium  oxalate 
equivalent  to  approximately  0.005  N  was  maintained  in  the  cylinders 
during  the  process  of  separating  the  "clay  "  from  the  "  silt."  Soluble 
calcium  salts  prevent  the  deflocculation  of  finely  divided  materials, 
and,  in  the  present  investigation,  the  samples  failing  to  disperse  in 
pure  water  were  known  to  contain  appreciable  quantities  of  calcium 
sulphate  and  calcium  carbonate  as  such.  Many  of  the  natural  cal- 
cium phosphates  occurring  in  the  United  States  contain  calcium 
sulphate  and  calcium  carbonate,  but  it  seems  that  in  most  cases  these 
compounds  are  combined  with  the  calcium  phosphate,  forming  a 
complex  molecule  which  is  very  insoluble  in  water. 

RESULTS   OF   LARGE-SCALE   SEPARATIONS 

The  results  obtained  on  11  samples,  representing  eight  types  of 
natural  phosphates,  are  given  in  Table.  1.  These  samples  and  the 
results  obtained  on  them  by  the  large-scale  separations  were  used  as 
standards  in  developing  the  method  of  mechanical  analysis  described 
later. 
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Table  1. — Mechanical  analysis  of  SOO-gram  sa/mples  of  phosphates 


Sam- 
ple 
No. 


Type  or  source  of  phosphate 


Location  of  deposit 


"Sand" 

"SUt" 

"Clay" 

>50m 

oOMtOdM 

<5m 

Percent 

Percent 

Per  cent 

41.7 

43.3 

11.8 

35.1 

46.4 

19.2 

48.2 

42.0 

9.6 

33.7 

43.8 

22.3 

30.4 

•      20.9 

48.7 

.2 

12.9 

85.3 

5.1 

19.5 

75.1 

46.2 

38.8 

14,0 

37.6 

46.8 

13.8 

49.8 

43.6 

6.6 

26.0 

45.5 

27.9 

Solution 
and  me- 
chanical 


910 
912 
947 
932 

728 
727 
915 


2  948 
973 


Florida  land  pebble . 
do... 


Mulberry. 
do 


do 

Florida  hard  rock.. 

Florida  soft 

Florida  waste  pond. 
do 


Brewster... 
Dunnellon. 

Juliette 

Dunnellon. 
do 


Tennessee  brown  rock. 

do 

Wyoming 

Idaho.. 


Wales..-. 

Mount  Pleasant. 

Cokeville. 

Conda. 


Per  cent 
»3.2 
.3 
.2 
.2 
.0 
1.6 
.2 
1.0 
1.7 
.0 
.6 


>  A  small  portion  of  the  "silt"  and  "clay"  was  accidentally  spilled  in  this  separation. 

*  These  samples  would  not  deflocculate  in  pure  water.    Lithium  oxalate  was  used  as  a  dispersing  agent. 

As  previously  mentioned,  the  samples  of  hard  phosphate  were 
ground  by  a  uniform  procedure  to  pass  a  100-mesh  sieve.  The  results 
show,  however,  a  considerable  variation  in  the  distribution  of  particle 
size  with  the  different  types  of  rock,  particularly  in  the  "  sand  "  and 
"  clay  "  fractions.  This  is  due  not  only  to  variations  in  the  physical 
nature  of  the  phosphates  themselves  but  also  to  the  presence  of 
variable  quantities  of  impurities,  such  as  quartz  and  silicates.  Some 
of  the  points  noted  in  connection  with  the  separations  are  sum- 
marized briefly  in  the  following  paragraphs. 

The  Florida  land-pebble  and  hard-rock  phosphates,  except  Florida 
land  pebble  No.  910,  dispersed  easily  and  completely  in  pure  water 
after  a  few  preliminary  washings.  Florida  land  pebble  No.  910,  and 
also  Tennessee  brown-rock  phosphate  No.  906  required  considerable 
preliminary  washing  before  deflocculation  was  obtained.  Each 
sample  required  about  50  liters  of  wash  water,  after  which  a  stable 
suspension  was  readily  obtained.  The  Florida  soft  and  waste-pond 
phosphates  swelled  considerably  upon  addition  of  water.  Stable 
suspensions  were  easily  obtained,  but  a  comparatively  large  number 
of  pourings  was  required  to  complete  the  separations  because  of  the 
slow  disintegration  of  the  aggregates  of  very  fine  particles.  The 
"  sand "  fraction  of  the  waste-pond  phosphate  consisted  almost 
entirely  of  small  roots  and  other  forms  of  vegetable  matter.  A 
stable  suspension  of  the  Idaho  phosphate  was  easily  obtained  in 
pure  water,  but  small  quantities  of  fine  material  continued  to  go 
into  suspension  with  repeated  washing  and  decantation,  and  a  con- 
siderable number  of  decantations  was  required  to  effect  a  complete 
separation. 

Even  with  prolonged  washing  it  was  not  possible  to  obtain  suffi- 
ciently stable  suspensions  of  the  Tennessee  brown  rock  No.  908  and 
Wyoming  phosphate  to  permit  of  making  the  separations  in  pure 
water.  These  samples  were  dispersed  with  lithium  oxalate.  The 
number  of  decantations  required  to  complete  a  separation  at  5/* 
ranged  from  about  20  for  the  samples  easiest  dispersed  to  75  for  the 
hardest.  Large-scale  separations  were  attempted  on  Tennessee  blue- 
rock  phospl^ate-  (No.  93.0),  but  satisfactory  results  were  not  obtained 
even  when  lithi»um  oxalate  was  used* as  a  dispersing  agent. 
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SPECIFIC  GRAVITY  OF  NATURAL  PHOSPHATES 

The  pipette  method  of  mechanical  analysis  depends  on  the  relation 
of  settling  velocity  to  particle  size.  This  relation  is  usually  ex- 
pressed by  Stokes's  formula  for  the  fall  of  a  solid  sphere  in  a  viscous 
fluid, 

•2          {d  -  d') 
V  =  —  r^  g 

9  rj 

where  V  is  the  settling  velocity  of  a  sphere  of  radius  r  and  density  d 
in  a  medium  of  density  d^  and  viscosity  v,  under  a  gravitational 
acceleration,  g.  From  this  formula  it  is  evident  that  the  velocity 
with  which  a  spherical  solid  particle  of  a  given  size  falls  in  a  medium 
of  given  density  and  viscosity  is  directly  dependent  on  the  difference 
in  the  densities  of  the  particle  and  the  fluid  medium  through  which 
it  falls. 

Dana  (!)  states  that  the  specific  gravity  of  crystalline  fluorapatite 
ranges  from  3.17  to  3.23,  and  that  of  South  Carolina  phosphate 
ranges  from  2.2  to  2.5.  According  to  Schucht  (i^),  the  specific 
gravity  of  Florida  phosphate  ranges  from  2.2  to  3.2,  and  Penrose 
(10)  reports  that  phosphatic  nodules  occurring  near  Wilmington, 
N.  C,  have  gravities  ranging  from  2.6  to  2.7.  As  reported  by  Mans- 
field and  Girty  (6),  the  specific  gravity  of  Idaho,  Utah,  and  Wyo- 
ming phosphates  ranges  from  2.86  to  2.93.  Hayes  (S)  gives  2.83  to 
3.07  as  the  specific  gravities  of  the  matrix  of  Tennessee  white-rock 
phosphate,  but  data  on  the  gravities  of  Tennessee  brown-rock  and 
blue-rock  phosphate  do  not  seem  to  be  available  in  the  literature. 
Schaller  (11)  gives  the  following  values  for  the  gravities  of  several 
calcium  phosphate  minerals,  which  have  compositions  approximating 
that  of  phosphate  rock.  These  are  dahllite  2.97  to  3.053,  francolite 
3.09  to  3.128,  collophanite  2.10  to  2.82,  and  quercyite  2.83  to  2.87.  _ 

Because  of  the  wide  variations  in  the  figures  reported  in  the  liter- 
ature and  the  complete  lack  of  data  on  certain  types  of  the  domestic 
phosphates,  specific  gravity  determinations  were  made  on  22  samples 
of  phosphate  from  various  deposits  in  the  United  States  in  order  to 
determine  whether  the  variations  were  sufficient  to  preclude  the  use 
of  an  average  value  for  all  the  samples.  The  natural  phosphates  are 
mixtures  of  calcium  phosphate  with  varying  quantities  of  impurities, 
such  as  quartz,  silicates,  iron,  and  aluminum  compounds,  and,  as 
pointed  out  by  Jacob,  Hill,  and  Holmes  (4-)  the  chemical  composi- 
tion of  the  fine  material  separated  from  the  ground  rock  and  also 
from  the  claylike  phosphates  may  be  ver;y^  different  from  that  of 
the  original  sample  and  the  coarse  material  separated  therefrom. 
In  mechanical  analysis  by  the  pipette  method  it  is  important  to 
know  whether  the  specific  gravity  of  the  original  sample  differs 
materially  from  that  of  the  particular  size  particle  for  which  it  is 
desired  to  calculate  the  settling  velocity.  Consequently,  specific 
gravity  determinations  were  also  made  on  the  "  sand,"  "  silt,^'  and 
"  clay "  fractions  obtained  from  several  samples  by  the  method 
previously  described. 

The  samples  for  the  specific  gravity  determinations  were  prepared 
in  the  same  manner  as  those  used  for  the  large-scale  separations,  as 
9063°— 30 2 
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described  on  page  4.  The  determinations  were  made  in  water  at 
25°  C.  by  the  pycnometer  method  with  an  accuracy  of  ±  0.02.  The 
results,  given  in  Table  2,  show  that  with  these  particular  samples 
the  specific  gravity  of  the  original  material  varied  from  2.89  to  3.15, 
the  average  being  3.02.  The  gravities  of  the  waste-pond  phosphates, 
which  contained  19.4  to  25.3  per  cent  of  phosphoric  acid  (PoOn), 
varied  from  2.89  to  2.98,  with  an  average  of  2.93,  and  those  of  the 
other  phosphates,  which  contained  30  per  cent  or  more  of  phosphoric 
acid,  varied  from  2.95  to  3.15,  with  an  average  of  3.06.  In  general 
it  seems  that  a  particular  type  of  phosphate  is  characterizecf  by  an 
approximately  constant  specific  gravity  which  is  slightly  different 
from  those  of  the  other  types.  For  the  purpose  of  mechanical 
analysis,  the  results  do  not  indicate  sufficiently  wide  variations  in 
the  specific  gravities  to  preclude  the  use  of  an  average  value  of  3 
for  the  domestic  types  and  grades  of  natural  phosphates. 

Table  2. — S^peclfic  gravities  of  natural  pJtosphatcs 


Sam- 

Type  or  source  of  phosphate 

Location  of  deposit 

Specific 
gravity 

790 

Florida  land  pebble --. 

Unknown 

3  00 

910 

do.. --  -- 

3  02 

912 

do      —        -           -             

do 

3  09 

947 

....  do - 

Brewster .  . 

3  06 

771 

Florida  hard  rock    ..  .   

Unknown 

2  99 

932 

....  do 

Dunnellon 

3.09 

728 

Juliette 

3  09 

725 

Florida  waste  pond                       .        ... 

do 

2.89 

915 
727 

do..-. 

do - 

....  do -- 

do—. -. 

Dunnellon 

2.97 
2.93 

824 

do 

2.93 

825 

do         

...  do      -  - 

2.91 

827 

do                                 

do 

2.98 

828 

.  do... -- 

Felicia 

2.94 

726 

do -. 

.do                      

2.89 

762 

Tennessee  brown  rock 

Mount  Pleasant 

3. 15 

908 

do     

....  do 

3.12 

906 

do                         

Wales                            

3.12 

772 

Tennessee  blue  rock 

Glover 

a  10 

930 

do 

3.14 

773 

Idaho                            .  - 

Conda                         

2.98 

948 

Cokeviiie 

2.95 

The  results  given  in  Table  3  indicate  that  the  specific  gravities  of 
the  mechanical  fractions  do  not  vary  in  any  constant  manner  from 
that  of  the  original  sample,  and  consec[uently  there  is  no  definite 
relation  between  the  gravity  of  the  original  sample  and  the  gravity 
of  particles  of  any  particular  size  present  therein.  The  differences 
are  not,  however,  great  enough  to  cause  serious  error  when  the 
average  specific  gravity  value,  3,  of  the  original  material  is  also  used 
as  the  average  gravity  of  the  different  mechanical  fractions.  No 
explanation  is  offered  for  the  discrepancies  in  some  of  the  results 
given  in  Table  3,  but  it  should  be  noted  that  during  the  process  of 
separation  the  mechanical  fractions  were  subjected  to  repeated  wash- 
ing with  water,  thereby  removing  the  more  readily  soluble  salts. 
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Table  3. — Speoifio  gravities  of  ''sand''  ''silt,''  and  "clay"  fractions  of  natural 

phosphates 


Sample 
No. 

Type  of  phosphate 

Specific  gravities 

Original 
material 

"Sand," 
>50m 

"Silt," 
50m  to  5m 

"Clay," 
<5m 

910 

Florida  land  pebble             _- -.    .. 

3.02 
3.09 
3.06 
3.09 
2.93 
3.12 

3.04 
3.06 
3.04 
3.13 
0) 
3.22 

3.04 
3.12 
3.07 
3.13 
3.06 
3.14 

3.12 

912 
947 
932 

do 

do 

Florida  hard  rock 

3.16 
3.06 
3.13 

727 

Florida  waste  pond 

2  95 

906 

Tennessee  brown  rock-.-      ...     ._ 

3.11 

1  Sufficient  material  not  available  for  the  determination. 

DEVELOPMENT  OF  MECHANICAL-ANALYSIS  METHOD 

The  method  of  large-scale  separation  just  outlined  is  useful  for 
the  preparation  of  mechanical-analysis  standards  and  also  for  the 
study  of  the  composition  and  properties  of  the  different  fractions, 
but  when  only  the  distribution  of  particle  size  in  a  sample  is  desired 
a  less  difficult  and  more  rapid  method  is  needed.  The  pipette  method 
of  mechanical  soil  analysis,  as  developed  by  Olmstead,  Alexander, 
and  Middleton  (9)  is  essentially  the  same  in  principle  as  the  method 
used  in  the  large-scale  separations,  except  that  a  dispersing  agent 
is  used  and  an  actual  separation  of  the  particles  finer  than  5/x  is  not 
made.  The  following  pages  are  concerned  with  the  application  of 
the  pipette  method  to  the  mechanical  analysis  of  finely  divided 
natural  phosphates. 

DISPERSING  AGENTS 

It  seems  that  an  efficient  dispersion  of  a  freshly  ground  phosphate 
rock  should  be  easily  obtained  because  of  the  absence  of  aggregates 
of  fine  particles.  As  soon  as  the  material  is  wet  with  water,  how- 
ever, aggregation  does  occur,  apparently  owing  in  many  cases  to  the 
presence  of  soluble  calcium  salts.  Also,  in  the  case  of  the  natural 
soft  phosphates  and  waste-pond  phosphates,  the  fine  particles  are 
already  in  an  aggregated  state.  The  results  obtained  in  the  large- 
scale  separations  showed  that  complete  dispersion  of  the  aggregates 
could  be  obtained  in  most  cases  by  prolonged  agitation  and  wash- 
ing with  pure  water  alone.  Such  a  procedure  is,  however,  imprac- 
tical from  the  standpoint  of  routine  analysis  and  even  fails  entirely 
in  the  case  of  some  samples  of  phosphate,  which  will  not  disperse 
in  pure  water.  Consequently,  it  is  necessary  to  use  a  chemical  dis- 
persing agent. 

Sodium  carbonate,  sodium  oxalate,  and  ammonia  are  probably  the 
most  widely  used  dispersing  agents  in  the  mechanical  analysis  of 
soils.  In  order  to  determine  the  relative  effectiveness  of  these  com- 
pounds as  agents  for  the  dispersion  of  finely  divided  natural  phos- 
phates, analyses  were  made  on  three  types  of  phosphate  by  the  pi- 
pette method  as  outlined  by  Olmstead,  Alexander,  and  Middleton 
(P),  except  that  treatment  of  the  samples  with  hydrogen  peroxide 
was  omitted.     The  depth  and  time  at  which  to  pipette  the  samples 
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were  calculated  from  Stokes's  formula,  using  the  customary  par- 
ticle-shape factor  (f),  and  taking  3  as  the  average  density  of  the 
phosphates. 

The  data  given  in  Table  4  show  that,  with  one  exception,  slightly 
higher  results  are  obtained  with  sodium  oxalate,  indicating 
that  this  compound  is  a  more  efficient  dispersing  agent  than  sodium 
carbonate,  which  in  turn  is  decidedly  better  than  ammonium  hydrox- 
ide. These  results  are  directly  in  line  with  those  previously  obtained 
on  soils  (9).  Although  the  results  obtained  with  sodium  oxalate 
and  sodium  carbonate  agree  closely  sodium  oxalate  is  preferable  as  a 
dispersing  agent  because  the  solubility  of  the  oxalates  of  calcium  and 
magnesium  is  much  lower  than  that  of  the  corresponding  carbonates, 
which  accounts,  in  part  at  least,  for  the  somewhat  higher  results 
obtained  with  the  oxalate. 


Table  4. — Yield   of   "  claj/ 


oMained  from  natural   phosphates   with  various 
dispersing  agents'^ 


Type  of  phosphate 

' '  Clay  "  obtained  from  treatment  with— 

Sample 
No. 

Ammonia  » 

Sodium  carbonate ' 

Sodium  oxalate  * 

5^ 

2/x 

5m 

2m 

5m 

2m 

727 

Florida  waste  pond 

Per  cent 
89.6 
17.1 
12.7 

Per  cent 
74.4 
11.8 
7.9 

Per  cent 
90.9 
18.7 
12.9 

Per  cent 

80.2 

14.8 

8.4 

Per  cent 
91.3 
18.9 
14.1 

Per  cent 
81.2 

906 

Tennessee  brown  rock. 

13.9 

910 

Florida  land  pebble 

9.2 

1  Results  obtained  by  the  use  of  settling  velocities  calculated  from  Stokes's  formula  using  the  particle - 
shape  factor  (J)  and  an  average  density  of  3  for  the  natural  phosphatas. 
*0.01N. 
>  0.005  N. 

EFFECT    OF    TEMPERATURE 

From  a  consideration  of  Stokes's  formula,  it  is  evident  that  the 
settling  velocity  of  fine  particles  is  theoretically  dependent  on  the 
temperature  of  the  suspension  medium,  in  so  far  as  this  affects  the 
density  and  viscosity  of  the  medium.  From  the  standpoint  of  con- 
venience in  laboratory  operations,  it  is  desirable  to  know  whether 
variations  in  temperature  can  be  neglected  without  introducing 
errors  larger  than  those  obtained  with  duplicate  pipettings  on  the 
same  sample.  In  order  to  obtain  information  on  this  point,  deter- 
minations of  the  percentages  of  5/a  "  clay "  in  seven  samples  of 
phosphate  were  made  at  10°,  20°,  and  30°  C.  The  samples  were 
pipetted  at  a  constant  depth  (10  centimeters)  after  settling  for  a 
constant  period  of  time  (73  minutes). 

As  calculated  from  Stokes's  formula,  the  time  required  for  5/x 
particles  to  fall  10  centimeters  in  water  at  25°  C.  is  55  minutes, 
using  the  customary  particle-shape  factor  (f ),  and  taking  3  as  the 
density  of  the  phosphates.  The  results  given  in  Table  4  show,  how- 
ever, that  much  higher  values  were  obtained  for  "  clay  "  when  the 
samples  were  pipetted  after  55  minutes  at  a  depth  of  10  centimeters 
than  were  obtained  by  the  large-scale  separations.  (Table  1.) 
After  several  trials,  it   was  found  that   when  the   samples   were 
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pipetted  after  73  minutes  at  a  depth  of  10  centimeters,  the  temper- 
ature being  approximately  25°  C,  the  values  obtained  for  5/*  "  clay  " 
approximated  closely  those  obtained  by  the  large-scale  separations. 
Consequently  a  falling  time  of  Y3  minutes  was  arbitrarily  chosen 
for  the  experiments  at  different  temperatures. 

In  carrying  out  these  experiments  weighed  samples  of  the  phos- 
phates were  dispersed  in  a  definite  volume  of  0.005  N  sodium  oxalate, 
and  the  cylinders  containing  the  suspensions  were  placed  in  a  large 
water  thermostat,  the  temperature  of  which  was  controlled  to 
±0.02°  C.  When  the  temperature  became  constant,  the  suspensions 
were  stirred  in  place  with  a  mechanical  stirrer,  and  samples  were 
pipetted  after  allowing  the  suspensions  to  stand  for  the  desired 
length  of  time  (73  minutes). 

When  a  pipette  full  of  suspension  is  removed  from  a  sedimentation 
cylinder  it  should  contain  an  exact  aliquot  of  all  material  smaller 
than  the  largest  particle  present  in  the  suspension  at  the  depth  of 
the  pipette  tip.  As  many  duplicates  as  desired  may  be  withdrawn 
from  the  cylinder.  But  once  an  aliquot  of  material  has  been  with- 
drawn no  portion  containing  coarser  material  will  be  a  true  aliquot. 
It  will  contain  an  excess  of  the  larger  particles.  On  the  other  hand, 
subsequent  pipettings  made  at  longer  settling  times,  shallower  depths, 
or  higher  temperatures,  which  contain  only  finer  material,  should 
be  exact  aliquots  of  the  original  sample.  In  these  experiments  the 
samples  were  all  taken  from  the  same  suspensions,  pipetting  being 
done  first  at  the  lower  temperatures.  Inasmuch  as  these  experi- 
ments were  concerned  only  with  the  apparent  percentages  of  5/a 
^'  clay  "  obtained  at  different  temperatures,  the  results  obtained  by 
pipetting  at  the  higher  temperatures  were  not  affected  in  any  way 
by  the  previous  pipettings  at  lower  temperatures,  which  is  not  true 
w^hen  pipetting  is  done  in  the  reverse  order. 

The  results  given  in  Table  5  show  variations  of  0.0  to  0.9  per  cent 
in  duplicate  pipettings  at  a  given  temperature,  whereas  the  average 
difference  in  20  sets  of  duplicate  pipettings  is  only  0.26  per  cent. 
On  the  other  hand,  the  differences  obtained  when  the  same  samples 
were  pipetted  at  10°  and  20°  C,  respectively,  ranged  from  0.7  to  1.4 
per  cent,  and  these  differences  agree  rather  closely  with  those,  0.8  to 
1.3  per  cent,  found  when  pipettings  were  made  at  20°  and  30°  C, 
respectively.  The  average  results  on  all  the  samples  are  1  per  cent 
higher  for  pipettings  made  at  10°  than  for  those  made  at  20°  C, 
and  the  latter  in  turn  are  1  per  cent  higher  than  those  at  30°  C. 
These  differences  can  not  be  attributed  to  experimental  error  alone. 
Consequently,  for  accurate  work  the  settling  velocity  must  be  cal- 
culated on  the  basis  of  the  temperature  and  viscosity  of  the  suspen- 
sion medium  during  the  time  of  settling. 

The  permanency  of  phosphate  suspensions  dispersed  with  0.005  N 
sodium  oxalate  is  indicated  by  the  fact  that  no  tendency  to  flocculate 
was  observed,  although  it  required  more  than  a  week  to  complete  a 
series  of  experiments  at  the  three  temperatures. 
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Table  5. — Yield  of  5fi  "clap''  obtained  from  natural  phosphate  at  various 
temperaturefi  from  samples  pipetted  at  a  depth  of  10  centmeters  after 
settling  for  73  minutes 


Sample 

No. 

Type  or  source  of  phosphate 

Percentage  of ' '  clay ' '  obtained 
at  a  temperature  of— 

10»C. 

20*  C. 

3(y»c. 

727 

Florida  waste  pond 

92.3 
92.6 

91.1 
91.1 

89  7 

Averse  '. 

89.8 

92.5 

91.1 

89  8 

Florida  land  pebble 

910 

13.6 
13.9 

12  6               11  0 

Average  '.    

12.7 

n.5 

13.8 

12  7              11  7 

Florida  land  pebble 

912 

20.2 
20.6 

19.5 
19.6 

18  3 

Average  L    ..      .. 

18.4 

20  4 

10  R 

1R  A. 

Florida  land  pebble 

947 

11.0 
11.1 

9.8 
10.2 

8  9 

Average  ' 

9.4 

11  1             10  0  1              9  2 

Florida  hard  rock 

932 

23.7 
24.1 

23.0               22  1 

Average  L    

23.1 

22.1 

23  9  1          23  1 

bo  1 

Tennessee  brown  rock 

906 

16  8  I          1A.  n 

Average '. 

16.9 

15.7 

16.9 

15.9 

(}) 

Idaho 

973 

26.6 
27.2 

25.7 
26.6 

25  1 

Average ' 

25.1 

26.9 

26.2 

25. 1 

1 

\J  Average  of  duplicate  determination  made  on  the  same  suspension. 
[»  Sample  lost  due  to  breakage  of  cylinder. 

EXPERIMENTAL    DETERMINATION    OF    SETTLING    VELOCITIES 

As  calculated  from  Stokes's  formula  5/i  phosphate  particles,  when 
suspended  in  water  at  25°  C,  should  settle  a  distance  of  10  centi- 
meters in  55  minutes.  Rough  determinations  showed,  however,  that 
the  time  actually  required  for  the  particles  to  settle  this  distance  is 
more  than  70  minutes.  Consequently  a  careful  study  was  made  of 
the  rate  of  fall  of  finely  divided  natural  phosphates  at  different 
temperatures  in  order  to  determine  the  time  required  for  5/x  particles 
to  settle  a  distance  of  10  centimeters. 

In  carrying  out  these  experiments,  samples  of  the  phosphates  Were 
dispersed  in  cylinders  with  0.005  N  sodium  oxalate.  The  cylinders 
were  placed  in  a  thermostat  and  after  reaching  a  constant  tempera- 
ture the  suspensions  were  stirred  with  a  mechanical  stirrer.  After 
standing  for  the  desired  length  of  time,  a  small  pipette,  closed  at 
the  top  by  means  of  a  rubber  tube  and  pinchcock,  was  lowered  into 
the  suspension  until  the  tip  was  exactly  10  centimeters  below  the 
surface,  and  a  fraction  of  a  cubic  centimeter  of  the  liquid  was  drawn 
into  the  pipette  by  opening  the  pinchcock.  Kohn  {6)  has  shown 
that  a  pipette  removes  not  a  layer  of  liquid  but  a  sphere  whose 
center  is  at  the  tip  of  the  pipette.    Consequently,  in  oraer  to  obtain 
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material  only  very  near  the  tip  of  the  pipette,  it  is  necessary  to 
reduce  to  a  minimum  the  volume  of  liquid  removed. 

The  material  pipetted  from  the  suspension  was  examined  under 
the  microscope,  and  the  diameters  of  the  largest  particles  were  deter- 
mined by  means  of  an  eyepiece  micrometer.  The  first  pipetting  was 
made  after  the  suspension  had  settled  for  a  time  sufficiently  long  to 
insure  the  absence  of  5/x  particles  in  the  liquid  withdrawn  at  a  depth 
of  10  centimeters.  In  making  subsequent  pipettings  the  suspension 
was  always  stirred  again  and  the  time  of  settling  was  progressively 
reduced  by  5-minute  intervals  until  5/x  particles  were  found  to  be 
present  at  a  depth  of  10  centimeters.  The  settling  time  was  then 
varied  by  1 -minute  intervals  until  a  time  was  found  at  which  an 
insignificant  number  of  5/x  particles  was  present,  but  upon  decreas- 
ing the  time  of  settling  by  1  minute  an  appreciable  increase  in  the 
number  of  6fx  particles  appeared  in  the  sample.  Aggregates  having 
a  porous  structure  and  very  thin  plates  of  mineral  material  were  not 
regarded  as  "  normal  "  5ju  particles,  but  these  were  present  in  com- 
paratively unimportant  quantities,  and  their  inclusion  in  the  "  clay  " 
fraction  did  not  introduce  serious  error. 

In  this  w^ay  the  time  required  for  normal  5fi  phosphate  particles 
to  fall  10  centimeters  at  20°,  25°,  and  30°  C.  was  determined.  The 
results,  which  are  given  in  Table  6,  show  that  at  all  temperatures 
the  experimentally  determined  settling  times  are  much  greater  than 
those  calculated  for  corresponding  temperatures  from  Stokes's  for- 
mula. In  calculating  the  theoretical  settling  time,  the  following 
values  were  used  for  the  terms  in  Stokes's  formula:  g  =  980  dynes/ 
centimeter/second;  d  =  S;  d'  =  1^;  rj^  =  0.01008,  0.00894,  and 
0.00800  centimeter-gram-second  units  for  pure  water  at  20°,  25°,  and 
30°  C,  respectively. 

Table  6. — Experimental  settling  velocities  of  5fx  phosphate  particles  compared 
with  theoretical  velocities  calculated  from  Stokes's  formula 


Temper- 
ture 

Time  required  for  5/x  parti- 
cles to  settle  for  a  dis- 
tance of  10  centimeters 

Experimental 
values 

Calculated 
values 

°  C. 
20 
25 
30 

Minutes 
89 
79 
71 

Minutes 
62 
55 
49 

The  particle-shape  factor  (f),  as  customarily  used  in  Stokes]s 
formula,  applies  only  for  spherical  particles.  Microscopical  exami- 
nation shows,  however,  that  the  "  silt  "  fractions  of  finely  divided 

5  This  is  not  the  actual  density  of  the  suspension  medium  (0.005  N  sodium  oxalate), 
but  it  is  not  necessary  to  use  the  correct  value  since  the  variations  in  the  density  of  the 
natural  phosphates  are  greater  than  the  error  introduced  by  the  use  of  this  value  for  the 
density  of  the  suspension  medium. 

8  These  are  the  values  given  in  the  international  critical  tables  (8)  for  the  viscosities 
of  pure  water  at  20°,  25°,  and  30°  C.  The  international  critical  tables  give  1.022 
(referred  to  water=l)  as  the  viscosity  of  0.1  N  sodium  oxalate  solutions  at  25°  C,  but 
BO  figures  are  available  on  the  viscosities  of  0.005  N  solutions.  Rough  determinations  by 
the  authors  indicated,  however,  that  the  viscosity  of  a  0.005  N  sodium  oxalate  solution  is 
very  close  to  that  of  pure  water. 
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natural  phosphates  are  composed  of  particles  which  are  not  spherical 
but  irregular  in  shape.  Consequently,  it  is  to  be  expected  that 
such  particles  will  fall  at  a  slower  rate  than  spherical  particles. 
Since  it  is  known  that  the  "  silt  "  particles  of  natural  phosphates  are 
not  spherical  in  shape,  it  seems  reasonable  to  conclude  that  within 
certain  limits  the  finer  particles  are  also  nonspherical.  It  is  recog- 
nized, however,  that  this  assumption  may  not  hold  in  the  case  of 
particles  much  finer  than  5/a  in  diameter. 

If  the  experimental  settling  times  given  in  Table  6  accurately 
represent  the  relation  between  settling  velocity  and  temperature, 
mechanical  analyses  made  on  the  same  sample  at  different  tempera- 
tures should  agree  closely  when  the  sample  is  pipetted  at  a  depth 
of  10  centimeters  after  settling  for  the  proper  time  at  that  tempera- 
ture. The  results  given  in  Table  7  show  that  this  is  the  case,  the 
values  obtained  at  the  different  temperatures  agreeing  within  the 
limits  of  the  experimental  error  of  the  method  itself,  not  only  on 
the  natural  phosphates  but  also  on  ground  limestone  and  marl. 

Table  7. — Yield  of  S/j,  "  clay  "  oMained  from  samples  pipetted  ai  a  depth  of 
10  centimeters  after  settling  for  the  experimentally  determined  lengtlis  of 
time  at  various  temperatures 


Sample  No. 

Type  of  material 

Percentages  of  "clay" 
obtained  at — 

20°C.» 

26°C.» 

30*  C.» 

910 

Florida  land-pebble  phosphate 

12.5 
9.6 
22.9 
89.4 
16.7 
24.6 
1.2 
46.8 

12.6 
9.6 
22.6 
89.2 
15.7 
24.3 
.9 
46.0 

12.2 

947                           .  .        -     . 

—  -.do„ - 

9.1 

932 

Florida  hard-rock  phosphate 

Florida  waste-pond  phosphate  

22.8 

727 

88.6 

906                              _      -  .     . 

Tennessee  brown-rock  phosphate.     . 

15.8 

973 

Idaho  phosphate 

Grnnnd  limp.stonpi 

24.3 

977      

1.0 

978 

Marl    ...                               

46.7 

Average            .  . 

27.7 

27.6 

27.6 

1  Samples  pipetted  at  10  centimeters  after  settling  for  89  minutes. 
»  Samples  pipetted  at  10  centimeters  after  settling  for  79  minutes. 
8  Samples  pipetted  at  10  centimeters  after  settling  for  71  minutes. 

In  making  the  analyses,  25  cubic  centimenters  of  the  suspension 
was  pipetted  out.  According  to  Kohn  (5),  the  pipette  removes  a 
sphere  of  liquid  whose  center  is  at  the  tip  of  the  pipette.  Conse- 
quently, it  is  assumed  that  the  lower  half  of  the  sphere  thus  removed 
contains  enough  particles  larger  than  the  given  size  to  counter- 
balance the  deficiency  in  these  particles  in  the  upper  half  of  the 
sphere,  giving  a  final  result  that  is  approximately  the  same  as 
would  be  obtained  by  the  removal  of  a  layer  of  liquid  at  the  tip  of 
the  pipette. 

In  making  the  experimental  determinations  of  the  settling  velocities 
of  the  5/x  phosphate  material,  it  was  assumed  that  the  particles  were 
of  average  density  as  well  as  normal  in  shape.  It  is  realized,  how- 
ever that  those  particles  observed  under  the  microscope  may  have  had 
a  lower  specific  gravity  than  the  average  for  all  the  5/*  material,  in- 
asmuch as  the  heavier  particles  would  have  fallen  to  a  lower  level. 
The  experimental  evidence  indicates,  however,  that  the  particles  were 
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of  average  density.  In  the  first  place,  the  percentages  of  5/* 
material  obtained  by  using  the  experimentally  determined  settling 
velocities  check  very  well  with  the  results  obtained  by  the  large-scale 
separations.  In  the  large-scale  separations  the  uncertainty  occa- 
sioned by  the  possible  lack  of  uniformity  in  the  density  of  the 
individual  particles  was  eliminated  because  of  the  altoost  complete 
absence  of  particles  smaller  than  5/a  in  the  "  silt  "  fractions.  Micro- 
scopical examination  of  the  "  clay  "  fractions  prior  to  drying  also 
showed  that  they  contained  an  insignificant  number  of  particles 
larger  than  5/jt. 

PARTICLE-SHAPE  FACTOR  FOR  NATURAL  PHOSPHATES 

By  using  the  experimental  settling  times  given  in  Table  6  and 
the  values  for  the  various  terms  in  Stokes's  formula  which  were  used 
in  calculating  the  theoretical  settling  times  of  5a  particles  (Table  6), 
the  particle-shape  factor  (K)  for  the  natural  phosphates  is  calculated 
as  follows: 

Substituting  in  Stokes's  equation,  V=Kt^- ~g,  where  K  is  the 

shape  factor,  the  experimental  values  determined  at  20°,  25°,  and 
30°  C.  and  solving,  the  result  is: 

AT  20°    C. 

10     ^       (0.00025^(3  0-1.0)980^  _^^^^ 


89X60        '"  0.01008 

AT   25 


10      _j.^  (O.Q0025n3.0- 1.0)980     ^       ^  _,^ 
79X60 ~^''  0.00894  '   ^^25  =  0.1 540 

AT   30°    C. 

10      _j.  (0.00025)^(3.0-1.0)980     T^r.^iroo 
71X60     ^''  0.00800  '   ii3o -U.i^dd 

These  calculations  give  the  values  0.1541,  0.1540,  and  0.1533  based 
upon  the  experimentally  determined  periods  of  time  required  for  5/* 
phosphate  particles  to  settle  a  distance  of  10  centimeters  when  the 
temperature  of  the  suspension  medium  is  20°,  25°,  and  30°  C,  respec- 
tively. An  average  value  of  0.154  is  taken  as  the  particle-shape 
factor  for  the  natural  phosphates.  Since  this  value  is  based  upon 
experimental  data  it  also  accounts  for  any  other  deviations  that  may 
result  from  the  application  of  the  theoretical  form  of  Stokes's 
formula. 

As  applied  to  the  natural  phosphates  Stokes's  formula  becomes 

or  finally  V 

^^_301.84r^ 

V 
If  it  is  assumed  that  2fi  phosphate  particles  have  the  same  shape 
as  the  5/A  particles,  the  above  formula  may  be  used  to  calculate  the 
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time  and  depth  at  which  to  pipette  the  sample  in  order  to  determine 
the  percentage  of  particles  2/x  and  smaller  in  diameter.  In  de- 
termining the  percentages  of  2/u,  particles,  it  is  more  convenient  to 
allow  the  suspension  to  settle  for  a  constant  time  of  6  hours  and  to 
vary  the  depth  of  pipetting,  rather  than  to  use  a  constant  depth 
and  variable  time  as  is  done  in  the  determination  of  5/x  particles. 
The  sedimentation-velocity  graphs  used  in  pipetting  5^  and  2/i 
phosphate  particles  are  shown  in  Figure  1. 


^ 


I 

J  90 
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20  25 

Temperature  ('C) 

Figure  1. — Sedimentation-velocity  graphs  used  in   pipetting  2-micron   and   5-micron 

particles 


COMPARISON  OF  LARGE-SCALE  SEPARATIONS  WITH  ANALYSES 
BY  THE  PIPETTE  METHOD 


The  samples  of  phosphate,  upon  which  large-scale  separations  had 
been  made,  were  also  analyzed  by  the  pipette  method  using  the  pro- 
cedure outlined  later.  In  general,  the  results  shown  in  Table  8  ob- 
tained by  the  two  methods  agree  very  closely.  Duplicate  determina- 
tions by  the  pipette  method  do  not  give  results  that  will  check  more 
closely  than  those  obtained  on  the  Florida  land-pebble  and  hard- 
rock  phosphates  by  the  large-scale  separations  and  by  the  pipette 
method,  respectively.  These  particular  samples  dispersed  readily  in 
pure  water,  and  the  large-scale  separations  were  completed  in  a  com- 
paratively short  time. 
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Table  8. — Cortvparison  of  results  oMame^  dy  large-scale  separations  with  those 
ohtained  hp  the  pipette  method 


Sam- 

Type  or  source  of  phosphate 

"Sand," 
>50m  by- 

"Silt,"  50m 
to  6/i  by— 

"Clay," 
<5^  by- 

Solution 
and  me- 
chanical 
losses  by— 

"Clay," 
by- 

No^. 

It 

Pli 

•ig 

P4 

i 

Ph 

910 

P.ct 
41.7 
35.1 
48.2 
33.7 
.2 
5.1 
30.4 
46.2 
37.6 

'49.'8' 
26.0 

P.ct. 

42.1 
35.4 
47.7 
33.2 
.  5 
1.7 
32.5 
47.0 
36.7 
35.7 
50.1 
25.6 

P.ct. 
43.3 
45.4 
42.0 
43.8 
12.9 
19.5 
20.9 
38.8 
46.8 

45.5 

P.ct. 

45.5 
45.5 
42.8 
43.9 
10.1 
13.9 
15.7 
37.2 
46.4 
54.1 
40.6 
49.8 

P.ct. 

11.8 
19.2 
9.6 
22.3 
85.3 
75.1 
48.7 
14.0 
13.9 

"6.'6" 
27.9 

p.ct. 
12.4 
19.0 
9.4 
22.8 
89.1 
84.0 
51.3 
15.7 
16.4 
9.2 
8.9 
24.4 

p.ct. 
13.2 
.3 
.2 
.2 
1.6 
.2 
.0 
1.0 
1.7 

■".'o' 

.6 

p.ct. 
0.0 

.1 
.1 
.1 

.3 

.4 
.5 
.1 
.5 
1.0 
.4 
.2 

P.ct. 

8.2 

912 
947 
932 

do 

do 

13.6 
6.2 
17.7 

727 
915 
728 

Florida  waste  pond 

do 

Florida  soft                  -.-  - 

78.9 
71.9 
40.3 

906 

2  908 

3  930 
2  948 

Tennessee  brown  rock 

do 

Tennessee  blue  rock 

Wyoming 

11.4 
11.4 
1.6 
5.3 

973 

Idaho -- 

17.7 

I  A  small  portion  of  the  "silt"  and  "clay"  was  accidentally  spilled  in  this  separation. 
3  Lithium  oxalate  used  as  a  dispersing  agent  in  the  large-scale  separations. 
3  A  large-scale  separation  was  not  made  on  this  sample. 

In  making  the  large-scale  separations  on  samples  Nos.  908  and  948, 
it  was  necessary  to  use  lithium  oxalate  as  a  dispersing  agent.  Con- 
siderable time  was  required  to  complete  the  separations  on  the  Flor- 
ida waste-pond  and  soft  phosphates  because  of  the  large  quantities 
of  "  clay  "  particles  present.  The  Idaho  phosphate  dispersed  readily 
in  pure  water  but  continued  to  give  up  "  clay  "  particles  upon  further 
washing  with  pure  water,  so  that  considerable  time  was  required  to 
complete  the  separation.  In  view  of  the  fact,  however,  that  the 
large-scale  separations  were  based  solely  upon  microscopical  exami- 
nation of  the  material  separated  from  suspension,  the  results  obtained 
on  these  samples  agree  satisfactorily  w4th  those  obtained  by  the 
pipette  method. 

Graphs  obtained  by  plotting  the  percentages  of  material  finer  than 
a  given  size  against  the  logarithm  of  the  diameters  of  the  particles 
in  millimeters  are  shown  in  Figure  2.  The  data  used  in  plotting 
these  graphs  were  obtained  from  analyses  by  the  pipette  method. 
The  curves  for  ground  phosphate  rocks  have  the  same  general  slope, 
differing  principally  in  the  percentages  of  fine  material  present  in 
the  samples.  Since  these  samples  were  originally  ground  to  pass 
a  100-mesh  sieve,  the  upper  ends  of  the  curves  all  terminate  at  a 
particle  diameter  of  0.147  millimeter,  corresponding  to  the  mesh 
opening  of  the  100-mesh  sieve. 

The  curves  for  the  soft  and  waste-pond  phosphates  also  have  the 
same  general  slope  in  the  region  of  the  finer  particles  but  this  slope 
is  quite  different  from  that  of  the  ground  phosphate  rocks.  The 
curve  for  marl  is  somewhat  similar  to  those  for  the  soft  and  waste- 
pond  phosphates.  A  further  study  of  the  mechanical  composition 
of  different  types  of  finely  divided  natural  phosphates  would  un- 
doubtedly reveal  some  interesting  facts  in  regard  to  the  distribution 
of  particle  size  in  the  material  finer  than  2/*. 
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Kesults  obtained  on  marl  and  ground  limestone  indicate  that  the 
pipette  method  is  also  applicable  to  the  mechanical  analysis  of  these 
materials,  although  the  data  secured  to  date  do  not  warrant  an  abso- 
lute statement.     The  ground  limestone  examined  contained  little  or 
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Figure  2. — Particle-size  distribution  curves  obtained  by  plotting  percentages  of 
material  finer  than  a  given  size  against  the  logarithm  of  the  diameters  of  the 
particles 

no  "  clay."    It  is  possible  also  that  a  different  particle-shape  factor 
is  required  for  marls. 

OUTLINE  OF  PIPETTE  METHOD  FOR  MECHANICAL  ANALYSIS  OF 
NATURAL  PHOSPHATES 

The  method  as  finally  adopted  is  essentially  the  same  as  that  out- 
lined by  Olmstead,  Alexander,  and  Middleton  (0)  for  the  mechanical 
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analysis  of  soils,  except  that  (1)  removal  of  Organic  matter  from  the 
sample  by  means  of  hydrogen  peroxide,  prior  to  the  analysis,  is 
omitted,  (2)  recommendations  for  the  separation  of  the  "sand" 
fraction  into  different  grades  are  not  made  because  this  is  entirely  a 
matter  of  sieving  and  consequently  the  number  and  range  of  the 
grades  may  be  varied  to  meet  the  requirements  of  the  individual 
laboratory,  and  (3)  the  settling  velocities  used  for  the  natural  phos- 
phates are  different  from  those  used  for  soils.  In  the  following 
pages  the  method  is  briefly  described. 

PREPARATION  AND  DISPERSION  OF  SAMPLE 

Two  samples  of  the  phosphate  are  weighed  out  at  the  same  time, 
a  10-gram  sample  for  analysis  and  a  5-gram  sample  for  moisture 
determination.  The  latter  is  dried  to  constant  weight  at  105°  C. 
The  10-gram  sample  is  placed  in  a  250  cubic  centimeter  glass  elec- 
trolytic beaker  and  boiled  with  100  cubic  centimeters  of  distilled 
water. 

The  sample  is  now  ready  for"  washing.  This  is  done  by  removing 
as  completely  as  possible  the  solution  from  the  sample  in  a  beaker 
with  a  short  Pasteur-Chamberland  filter  tube  (grade  F).  The  lower 
12  centimeters  of  the  tube  is  sawed  off  and  fitted  with  a  removable 
rubber  stopper  for  this  purpose.  By  means  of  a  rubber  bulb,  back 
pressure  is  applied  to  the  filter  in  order  to  remove  the  adhering  mate- 
rial. The  sample  is  well  stirred  with  125  cubic  centimeters  of  dis- 
tilled water,  and  the  solution  is  again  removed  by  filtration.  This 
operation  is  repeated  until  the  greater  part  of  the  soluble  material  is 
removed,  six  washings  usually  being  sufficient. 

After  cleaning  and  removing  the  suction  filter,  the  sample  is 
evaporated  to  dryness  on  the  steam  bath  and  then  dried  to  constant 
weight  at  105°  C.  The  sample  is  weighed  as  rapidly  as  possible 
in  order  to  reduce  to  a  minimum  the  adsorption  of  moisture  from 
the  air.  The  sample  is  then  soaked  for  a  few  minutes  with  about 
25  cubic  centimeters  of  water,  stirred  with  a  rubber  policeman,  and 
transferred  to  a  250  cubic  centimeter  bottle  (the  ordinary  narrow- 
mouth  nursing  bottle  is  well  suited  for  this  purpose).  The  beaker 
is  again  dried  and  weighed,  the  difference  in  weight  being  the  por- 
tion of  the  sample  left  after  removal  of  soluble  material.  To  the 
bottle  is  added  10  cubic  centimeters  of  0.5  N  sodium  oxalate  and  the 
volume  is  made  up  to  150  cubic  centimeters.  The  bottle  is  shaken 
for  at  least  2  hours  on  a  reciprocating  shaker  having  a  horizontal 
movement  of  10  centimeters  and  making  120  complete  oscillations  per 
minute.  A  shaker  of  this  type  is  described  in  Bureau  of  Soils 
Bulletin  84  {2). 

SEPARATION  INTO  SIZE  CLASSES 

A  sieve  fitted  with  Tyler  300-mesh  wire  screen  cloth  is  clamped 
above  a  1-liter  graduated  glass  sedimentation  cylinder  on  foot,  and 
the  "  clay  "  and  finer  "  silt "  are  decanted  from  the  shaking  bottle, 
through  the  sieve,  into  the  sedimentation  cylinder.  After  a  few 
pourings  the  "  clay  "  is  completely  removed  from  the  bottle.  The 
"  sand  "  and  the  remaining  "  silt "  are  then  transferred  to  the  sieve 
by  means  of  a  stream  of  distilled  water.  The  cylinder  is  filled  to 
the  1-liter  mark  and  set  aside  for  sedimentation.     Economical  use 
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of  water  is  necessary  in  decantation  and  washing  on  the  sieve,  be- 
cause the  total  volume  of  the  "  silt "  and  "  clay  "  suspension  is  lim- 
ited to  1  liter. 

The  material  remaining  on  the  sieve  is  washed  into  a  dish,  prefer- 
ably platinum,  and,  after  evaporation,  is  dried  for  2  hours  at  105°  C. 
Complete  separation  of  the  "  sand  "  from  the  "  silt "  is  then  effected 
by  shaking  the  dry  sample  on  a  300-mesh  sieve  in  a  mechanical 
shaker.  The  material  finally  remaining  on  the  sieve  is  weighed  as 
the  "  sand  "  fraction.  If  desired,  the  "  sand  "  fraction  may  be  sep- 
arated into  different  grades  by  using  the  proper  sieves. 

The  material  in  the  sedimentation  cylinder  is  thoroughly  stirred 
and  the  cylinder  is  allowed  to  stand  on  a  support  which  is  practically 
free  from  vibration  for  a  period  of  time  sufficient  to  allow  particles 
5/x  in  diameter  to  settle  for  a  distance  of  10  centimeters,  as  deter- 
mined by  reference  to  the  graph  given  in  Figure  1.  A  dry  25  cubic 
centimeter  Lowy  automatic  pipette,  which  is  clamped  to  a  vertical 
support,  is  then  carefully  lowered  into  the  suspension  by  means  of  a 
rack  and  pinion  device  (9)  until  the  tip  is  exactly  10  centimeters 
below  the  surface,  as  indicated  by  a  pointer  moving  over  a  fixed  scale. 
The  stopcock  is  then  opened  and  the  pipette  is  filled  by  suction  in 
20  to  40  seconds.  A  uniform  suction  is  necessary  and  may  be  con- 
veniently obtained  by  inserting  a  capillary  tube  between  the  pipette 
and  the  source  of  vacuum.  The  stopcock  is  then  closed,  and  the 
pipette  is  raised  and  removed  from  the  vertical  support. 

The  contents  of  the  pipette  are  drained  into  a  tared  weighing 
dish,  and  the  washings  from  the  pipette  are  added,  since  the  pipette 
is  calibrated  for  content  rather  than  delivery.  The  liquid  is  evapo- 
rated on  the  steam  bath  and  the  dish  is  finally  dried  to  constant 
weight  at  105°  C.  The  weight  thus  obtained  is  multiplied  by  40 
and  the  result,  less  the  weight  of  solid  material  present  in  10  cubic 
centimeters  of  the  0.5  N  sodium  oxalate  solution,  represents  the  total 
weight  of  "  clay  "  in  the  original  sample. 

In  order  to  determine  the  2fx  "  clay  "  the  suspension  remaining  in 
the  cylinder  is  again  thoroughly  stirred  and  allowed  to  settle  for  6 
hours.  A  sample  is  then  pipetted  at  the  depth  indicated  by  reference 
to  the  graph  in  Figure  1.  The  determination  is  completed  in  the 
same  manner  as  described  for  5/x  "  clay." 

The  weight  of  "  silt "  in  the  original  sample  is  calculated  by  add- 
ing the  weights  of  "  sand,"  5/*  "  clay,"  and  material  lost  by  solution, 
and  subtracting  this  total  from  the  oven-dry  weight  of  the  original 
sample. 

SUMMARY 

A  method  of  separatin/oj  800-gram  samples  of  natural  phosphate 
samples  into  "sand,"  "silt,"  and  "clay"  sizes  is  developed  and 
successfully  applied  to  all  commercial  types  of  natural  phosphates 
except  Tennessee  blue  rock.  In  this  method  the  fractions  are  sep- 
arated by  sedimentation  in  water  without  the  use  of  any  theoretical 
assumption,  the  progress  and  efficiency  of  the  separation  being 
checked  solely  by  microscopical  examination  of  the  tractions. 

The  specific  gravities  of  the  original  samples  and  of  the  fractions 
of  the  various  types  of  phosphate  rock  produced  in  the  United  States 
do  not  range  sufficiently  to  preclude  the  use  of  an  average  specific 
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gravity  of  3  in  calculating  the  settling  velocities  of  phosphate  parti- 
cles by  means  of  Stokes's  formula. 

The  pipette  method,  as  developed  for  the  mechanical  analysis  of 
soils  in  the  soil-physics  laboratory  of  the  Bureau  of  Chemistry  and 
Soils,  was  successfully  applied  to  the  analysis  of  finely  divided 
natural  phosphates.  The  magnitude  of  the  error  involved  when 
samples  of  natural  phosphates  are  pipetted  at  a  constant  time  and 
depth  without  regard  to  temperature  was  determined.  An  experi- 
mental study  of  the  settling  velocities  of  5/a  phosphate  particles  at 
various  temperatures  showed  that  the  rate  of  fall  is  considerably 
slower  than  the  theoretical  rate  calculated  by  means  of  the  customary 
form  of  Stokes's  formula.  This  discrepancy  is  apparently  due  to  the 
irregular  shape  of  the  phosphate  particles.  As  applied  to  natural 
jDhosphates,  the  particle-shape  factor  in  Stokes's  formula  is  0.154,  as 
determined  experimentally,  instead  of  the  factor  (f),  which  is  cus- 
tomarily used  and  which  applies  only  to  spherical  particles. 

A  comparison  of  results  obtained  by  the  large-scale  separation  with 
those  made  by  the  pipette  method  shows  very  good  agreement. 

An  outline  of  the  pipette  method  for  the  mechanical  analysis  of 
finely  divided  natural  phosphates  is  given  in  some  detail.  The  essen- 
tial differences  from  the  same  method  applied  to  soils  are:  (1)  The 
hydrogen  peroxide  treatment  is  omitted  and  (2)  the  settling  velocities 
are  calculated  from  a  revised  form  of  Stokes's  formula. 

The  possibility  of  the  utilization  of  the  pipette  method  for  the 
mechanical  analysis  of  ground  limestone  and  marls  is  pointed  out. 
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INTRODUCTION 


Wages  paid  to  hired  farm  laborers  and  related  data  have  been 
gathered  by  the  Department  of  Agriculture  since  1866.  Except  for 
board,  these  data  have  taken  no  account  of  other  perquisites  or  pay- 
ments in  kind  given  as  part  of  payment  for  services  rendered  by  farm 
laborers.  Board  is  often  considered  to  include  not  only  table  board, 
but  sleeping  quarters,  and  sometimes  laundry  work.  Although  the 
variety,  frequency,  and  true  values  of  all  perquisites  commonly  given 
farm  laborers  have  been  little  realized,  even  by  many  farmers  who 
give  them  or  by  the  laborers  who  receive  them,  there  has  long  been 
a  feeling  that  they  raised  the  real  farm  wages  above  the  quoted 
amounts  of  cash  wages. 

The  English  custom  in  discussing  farm  wages  takes  total  remunera- 
tion into  account.  It  is  common  practice  there  to  set  the  total  wage 
first,  and  then  to  determine  a  farm  laborer's  cash  wages  by  deducting 
the  values  of  perquisites  to  be  given. 

Americans  use  practically  a  reverse  process,  which  is  less  compre- 
hensive. They  usually  base  their  consideration  on  cash  wages,  modi- 
fied by  inclusion  or  exclusion  of  board,  which  is  commonly  under- 
stood to  include  lodging,  especially  in  the  case  of  unmarried  laborers, 
and  often  understood  to  include  washing.  This  method  does  not 
take  account  of  other  payments  in  kind  or  of  privileges  of  value  also 
given  to  farm  laborers. 
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In  an  attempt  to  gather  further  information  concerning  the  nature 
and  value  of  the  perquisites  of  hired  farm  laborers  the  Department 
of  Agriculture  circulated  two  questionnaires  throughout  the  country. 
The  first  applied  to  noncasual  hired  farm  laborers,  that  is,  to  those 
hired  for  a  crop  season  or  longer.  It  was  issued  in  January,  1926, 
and  requested  data  for  the  year  1925  (Appendix  A);  3,536  usable 
replies  were  received.  The  second  questionnaire  dealt  with  casual 
hired  farm  laborers,  those  hired  for  a  short  time  only,  usually  for 
rush  or  harvest  work.  It  was  sent  out  in  November,  1926,  and 
asked  for  data  for  the  season  of  1926  (Appendix  B);  5,330  usable 
replies  were  obtained. 

In  each  questionnaire  information  was  asked  concerning  actual  cash 
wages  and  the  nature  and  farm  value  of  payments  in  kind  given  to 
an  individual  hired  laborer  according  to  the  custom  in  the  corre- 
spondent's vicinity.  Considerable  detail  concerning  quantities  of 
commodities  and  extent  of  privileges  given  laborers  was  requested. 

PERQUISITES  AND  WAGES  OF  NONCASUAL  HIRED  FARM  LABORERS 

TYPES  OF  FARM  LABORERS  REPRESENTED 

Each  correspondent  was  asked  to  tell  whether  the  farm  laborer 
reported  upon  was  hired  with  the  expectation  he  would  stay  a  year, 
how  long  he  actually  worked  for  the  correspondent  in  1925,  and  how 
long  the  laborer  had  worked  on  his  farm.  The  replies  gave  an  aver- 
age of  nearly  33  months;  the  married  men  averaged  3  years,  the 
unmarried,  29  months.  Over  10  per  cent  had  been  on  their  jobs  for 
5  years  or  more. 

Seven  out  of  ten  noncasual  hired  laborers  were  reported  as  hired 
originally  for  a  year.  Nearly  half  actually  did  stay  a  full  year;  the 
other  half  averaged  over  eight  months  on  their  jobs  in  1925;  most 
of  them  worked  over  four  months  that  year.  Half  the  unmarried 
men  were  not  engaged  to  stay  so  long,  but  seven-eighths  of  the  mar- 
ried laborers  were  hired  for  at  least  a  year.  Only  one-third  of  the 
former  remained  on  their  jobs  during  all  of  1925,  in  contrast  to  two- 
thirds  of  the  latter. 

Even  the  men  who  were  not  expected  to  stay  a  full  year  when  en- 
gaged had  generally  done  so,  except  in  the  East  South  Central  States. 
Their  average  stay  was  19  months.  Those  hired  for  a  year  had  been 
kept  on  the  average  3  years  and  3  months. 

Nearly  half  of  the  farm  laborers  reported  upon  were  not  married; 
slightly  over  half  were  married.  A  few  were  widowers,  were  divorced, 
or  were  of  unreported  marital  status.  Two-thirds  of  the  laborers 
were  reported  as  married  in  the  South  Atlantic  and  South  Central 
States  ^  together,  in  contrast  to  hardly  half  of  them  in  the  North 
Atlantic  and  North  Central  States. 

A  few  unmarried  men  had  dependents.  The  married  had  up  to 
10  dependents,  with  an  average  of  3.1  each.  The  widowers  averaged 
2  dependents.  There  was  little  variation  between  the  geograpnic 
divisions. 

From  the  foregoing  data  it  seems  possible  that  the  noncasual  farm 
laborers  reported  upon  were  of  a  type  slightly  above  the  average, 

I  In  addition  to  the  names  of  geographic  divisions  commonly  used  by  the  Department  of  Agriculture 
certain  other  groupings  are  used  in  this  bulletin.    Their  names  and  inclusions  are  as  follows: 
North  Atlantic— the  New  England  and  Middle  Atlantic  Stales. 
North  Central— the  East  North  Central  and  West  North  Central  States. 
South  Central— the  East  South  (^entral  and  West  South  Central  States. 
Southeastern— the  South  Atlantic  and  East  South  Central  States. 
Far  Western— the  Mountain  and  Pacific  States. 
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because  of  stability  of  employment  and  because  of  their  steadiness 
on  their  jobs.  Working  and  Uving  conditions  must  have  been  rea- 
sonably satisfactory  to  the  laborers,  and  the  men  may  be  assumed 
to  have  rendered  fairly  satisfactory  service  for  their  employers.  Such 
conditions  may  indicate  the  giving  and  receiving  of  wages  and  per- 
quisites a  little  above  the  average  in  value  but,  on  the  whole,  prob- 
ably no  more  than  sufficient  to  attract  and  hold  good  help  on  the 
farms.  It  is  believed  that  the  data  presented  represent  average 
conditions  for  noncasual  farm  laborers  as  fairly  as  is  possible  in  a 
study  of  this  kind. 

METHODS  OF   CALCULATION 

Part  of  the  replies  to  the  questionnaire  gave  all  details.  Part  of 
them,  although  incomplete,  gave  data  sufficient  to  indicate  rather 
fully  the  perquisites  allowed  farm  laborers,  but  omitted  quantities 
or  values  of  one  or  more  perquisites — details  necessary  in  calculating 
values  of  single  or  of  all  perquisites.  The  data  of  complete  and 
incomplete  replies  were  tabulated  separately  and  were  then  combined 
in  those  cases  in  which  this  was  feasible. 

The  data  for  each  perquisite  were  handled  separately,  and  in  many 
cases  in  groups  of  related  perquisites.  Calculations  were  made  as 
to  farm  values  and  as  to  numbers  of  farm  laborers  reported  upon  as 
receiving  such  in  whole  or  in  part. 

AVERAGE  TOTAL  VALUES  OF  WAGES  AND  PERQUISITES 

The  total  values  of  groups  of  perquisites  were  assembled  from 
schedules  giving  full  information  as  to  whether  the  items  included  in 
the  group  were  given  to  the  farm  laborer.  Group  totals  give  an 
approximation  of  what  the  worker  is  given  in  total  values  of  the 
related  perquisites  of  a  group.  The  data  on  separate  perquisites 
show  what  is  customary  concerning  them. 

The  groups  of  perquisites  and  their  inclusions  of  one  or  more  items 
are  as  follows: 

Board  group:  Board,  room,  washing. 

Shelter  group:  House,  wood,  coal,  gas,  electricity. 

Dairy  and  poultry  products:  Milk,  butter,  eggs,  chickens  for  meat. 

Meats  and  meat  products:  Pork,  ham,  and  bacon  considered  together; 
lard,  beef,  other  meats. 

Flour  and  meal:  Flour  (wheat),  meal  (corn). 

Vegetables  and  fruit:  Potatoes,  other  vegetables,  apples,  other  fruits. 

Miscellaneous  foods:  Food  stuffs  not  classified  elsewhere. 

Privilege  of  keeping  livestock:  Chickens,  pigs,   cows,  horses,  or  mules. 

Feed  for  livestock:  For  chickens,  pigs,  cows,  horses,  or  mules. 

Pasturage  (or  range)  for  livestock:  For  chickens,  pigs,  cows,  horses,  or 
mules. 

Garden:  Space  allowed  (area  only). 

Use  of  employer's  horses  or  mules. 

Use  of  employer's  farm  tools  and  vehicles. 

Garage  space  (for  the  hired  laborer's  automobile  if  he  owned  one). 

Miscellaneous  perquisities:  Privileges  or  allowances  not  classified  else- 
where. 

Total  value  of  perquisities:  Farm  value  of  all  perquisities  above-named 
received  by  the  farm  laborer. 

Wages:  Money  payments  for  labor. 

Total  value  of  perquisites  and  wages,  or,  total  remuneration:  The  sum  of 
total  value  of  perquisites  and  of  wages. 

The  inclusions  of  the  various  individual  perquisites  were  as  follows : 

Board:  Table  board  in  the  employer's  home,  or  paid  for  by  him  elsewhere. 
Room:  Lodging  in  the  employer's  home  or  buildings,  or  paid  for  by  him 
elsewhere. 
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Washing:  Laundry  work  done  in  the  farm  home  or  elsewhere  at  the  em- 
ployer's expense. 

House:  The  rental  value  of  the  dwelling  occupied  by  the  farm  laborer's 
family  provided  or  paid  for  by  the  employer. 

Miscellaneous  foods:  Those  reported  as  other  principal  foods;  they  usually 
were  of  wide  variety,  including  some  otherwise  unclassifiable  groceries. 

Miscellaneous  perquisites:  A  variety  of  otherwise  unclassifiable  com- 
modities or  privileges  allowed. 

The  summary,  by  States,  of  average  values  of  grouped  and  im- 
grouped  perquisites,  of  all  perquisites,  of  wages,  and  of  wages  plus 
perquisites,  is  given  in  Tables  1  and  2.  The  fcst  table  gives  also  the 
average  size  of  garden  space  allowed.^ 

Table  1. — General  character  and  average  monthly  farm  values  of  perquisites  given 
to  noncasual  hired  farm  laborers,  by  groups  "  of  perquisites,  by  States,  1926 
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Maine 

New  Hampshire 

Vermont 

Dolls. 
25.63 
34.45 
28.17 
34.10 
28.30 
34.09 

Dolls. 
15.33 
15.15 
16.47 
17.15 
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8.45 
6.71 
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Dolls. 
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3.25 
2.88 
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4.00 
4.82 
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6.00 
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1.00 
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Dolls. 
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4.95 
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1.82 
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4.47 
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0.42 
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.58 
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.48 
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30.55 

17.67 

7.73 

4.63 

4.28 

3.70 

.67 

5.43 

2.16 

3.06 

3.91 

4.13 

.53 
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16.35 
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3.56 
6.82 
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"  i."66 
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2.29 
6.19 

1.61 
1.20 
2.00 

2.i2 
2.66 
2.65 

2.93 
3.60 
3.81 

5.43 
4.66 
4.72 

52 

New  Jersey... 

.76 

Pennsylvania 

.46 

Middle  Atlantic... 

29.83 

26.85 
26.83 
27.60 
29.23 
28.81 

15.49 

6.18 

4.38 

1.95 

4.74 

1.60 

5.34 

1.79 

2.54 

3.37 

5.02 

.61 

Ohio 

Indiana 

11.80 
12.77 
11.56 
17.00 
13.58 

8.55 
14.02 
17.44 
8.01 
7.82 

5.01 
6.20 
5.00 
2.91 
3.63 

2.12 

.61 

.53 

1.76 

3.50 

3.13 
3.78 
3.26 
3.46 
3.98 

3.12 
1.92 
1.38 
1.28 
1.00 

7.11 
7.36 
7.63 
4.62 
6.42 

2.82 
2.81 
2.83 
1.47 
1.80 

1.88 
1.88 
2.60 
1.53 
2.51 

3.99 
2.52 
3.29 
2.11 
6.19 

2.97 
4.81 
4.03 
3.31 
3.90 

.67 
79 

Illinois 

68 

Michigan... 

67 

Wisconsin.. 

.72 

E.N.  Central 

27.77 

12.62 

12.50 

4.86 

1.74 

3.43 

1.79 

7.18 

2.70 

2.17 

3.49 

3.87 

.70 

Minnesota 

27.27 
29.01 
21.79 
29.18 
28.94 
27.56 
29.94 

13.35 
13.02 
10.80 
14.17 
14.12 
14.60 
13.37 

8.01 
10.63 
17.27 
17.38 
11.00 
13.39 
13.56 

5.64 
4.49 
4.06 
10.00 
2.20 
7.57 
3.64 

.60 
1.16 
.66 

'"2.'o6 

2.73 
3.30 
2.42 
1.78 
2.88 
2.61 
3.36 

2.00 
.67 

"i.'oo 

1.00 

6.18 
6.84 
6.02 
6.71 
4.12 
7.48 
4.67 

2.86 
2.84 
2.72 
6.04 
1.68 
3.31 
2.42 

2.66 
2.31 
1.92 
3.74 
2.88 
2.64 
2.34 

3.72 
2.84 
3.61 
6.47 
6.27 
4.47 
4.14 

6.21 
3.61 
3.53 
5.78 
3.50 
4.16 
5.48 

-786 
.85 
.91 
.95 
1.06 
1  02 

Missouri.... 

North  Dakota 

South  Dakota 

Nebraska 

Kansas 

96 

W.  N.  Central..... 

27.99 

12.87 

12.67 

4.53 

1.04 

2.97 

1.29 

6.77 

2.93 

2.48 

3.84 

4.34 

.91 

Maryland 

24.20 
18.33 
17.01 
21.91 
16.00 
15.54 
16.11 
25.00 

12.09 
15.01 
10.48 
10.06 
9.58 
6.70 
7.44 
12.04 

4.95 
6.70 
10.70 
7.88 
6.40 
1.24 
7.22 
7.30 

6.61 
2.26 
3.64 
4.91 
4.86 
2.93 
4.12 

3.81 

'4.04 
5.20 
2.46 
2.47 
2.75 
2.38 

2.73 
3.46 
2.23 
2.31 
4.12 
3.67 
4.32 
4.62 

.88 

"'2.' 50 

.20 

.60 

2.05 

1.62 

1.00 

4.93 
2.75 
4.32 
4.46 
4.62 
4.46 
4.79 
2.82 

2.64 
2.19 
3.24 
2.82 
2.80 
3.80 
3.76 
3.33 

3.07 
1.67 
2.36 
3.22 
2.93 
3.16 
2.54 
6.00 

3.09 
3.00 
2.25 
3.47 
3.88 
4.35 
4.67 
4.75 

5.04 
.50 
3.57 
2.08 
3.95 
3.33 
6.98 
1. 00 

~T6l 

Delaware 

92 

Virginia.... 

.78 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia 

Florida 

.85 
.83 
.80 
.81 
1  12 

South  Atlantic 

17.88 

9.81 

7.39 

4.32 

3.40 

3.15 

1.63 

4.60 

3.21 

2.80 

3.64 

4.29 

"7793 
3.36 
6.07 
6.09 

.79 

Kentucky 

18.35 
15.17 
17.53 
14.58 

6.80 
5.20 
8.17 

7.13 
6.39 
5.24 
8.60 

"6767 
4.96 
4.68 
3.76 

~T89 
2.10 
3.41 
2.99 

2.44 
2.37 
2.36 
2.86 

5.00 
4.71 
1.05 
3.60 

6.04 
6.06 
6.05 
6.73 

4.78 
3.63 
2.61 
2.99 

3.71 

3.26 

3.37 

^3.30 

4.16 
3.46 
2.79 
4.41 

88 

Tennessee... 

.92 

Alabama 

Mississippi.. 

.91 
.92 

E.  S.  Central 

16.48 

6.91 

6.78 

4.86 

2.63 

2.46 

3.87 

6.(54 

3.78 

3.43 

3.69 

6.35 

.91 

Arkansas 

17.72 
23.00 
24.46 
22.  36 

7.22 
9.33 
9.64 
9.39 

6.20 
10.28 
12.52 

7.42 

2.10 

"5."  57 
4.78 

2.00 
2.15 
1.00 
2.60 

4.26 
1.54 
2.28 
3.07 

11.50 
2.50 
3.00 

12.00 

4.41 
3.45 
3.97 
6.15 

2.61 
2.15 
2.33 
3.0<) 

2.85 
3.63 
3.64 
4.44 

3.23 
4.14 
4.71 
6.60 

3.14 
1.00 
4.96 
8.11 

64 

Louisiana 

93 

Oklahoma. 

Texas 

.73 
.95 

W.  S.  Central 

21.85 

8.78 

9.40 

4.83 

2.07 

3.30 

9.06 

4.96 

2.68 

3.62 

4.97 

4.75 

.81 

•  See  page  3. 

>  The  number  of  cases  in  which  garage  space  was  provided  the  farm  laborer  is  noted  on  page  16. 
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Table  1. — General  character  and  average  monthly  farm  values  of   perquisites  given 
to  noncasual  hired  farm  laborers,  by  groups  of  perquisites,  by  States,  1926 — Con. 
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Montana 

Idaho 

Dolls. 
33. 11 
31.44 
33.06 
27.76 
32.17 

Dolls. 
11.30 

12.98 
15.00 
12.38 
5.00 
11.50 
10.00 
18.00 

Dolls. 
6.15 
8.58 
7.50 
9.09 
15.00 
3.00 
12.00 
10.00 

Dolls. 

Dolls. 

Dolls. 
2.25 
4.90 
4.40 
1.67 

Dolls. 

"I'ob 

Dolls. 
5.25 
4.14 

Dolls. 
2.61 
2.83 

Dolls 
2.76 
3.50 
6.50 
2.30 
1.00 
3.00 
7.20 
9.50 

Dolls. 
5.64 
2.89 
13.25 
4.41 
2.75 

4.25 
6.75 

"'2.'82 

Acres 
0.56 
1.09 

Wyoming 

2.04 

Colorado.. 

4.62 

.50 

6.61 
4.67 

2.25 
1.00 

.69 

Arizona 

Utah 

Nevada 

33.  25 
39.00 

4.40 
12.25 

3.42 
5.25 

16.25 
6.00 

2.00 

.69 
50 

Mountain 

31.  69 

12.  35 

8.78 

4.62 

3.04 

2.75 

5.67 

2.74 

3.62 

5.90 

3.85 

.80 

Washington 

Oregon 

32.93 
32.16 
36.02 

9.34 
10.25 
20.44 

8.31 
5.10 

8.85 

9.00 

2.25 
3.00 

2.20 
4.60 
2.02 

4.66 
6.40 
4.14 

3.25 
3.88 
4.07 

2.18 
2.67 
4.56 

3.68 
5.27 
4.82 

5.30 
14.60 
16.  94 

.42 
68 

California 

.39 

Pacific 

33.69 

16.76 

8.18 

9.00 

2.62 

2.78 

4.61 

3.84 

3.46 

4.49 

13.80 

.44 

United  States 

26.65 

12.12 

9.75 

4.69 

2.66 

3.50 

2.68 

5.89 

2.98 

2.77 

3.83 

4.77 

.7 

Table  2. 


-Average  monthly  wages  and  farm  values  of  perquisites  of  noncasual  hired 
farm  laborers,  by  States,  1925 


Wages  of  all  laborers 

Wages  of  laborers  receiving- 

State  and  geographic 
division 

Perqui- 
sites 

Wages 

Total 

Wages 
only 

Perquisites  and  wages 

Perqui- 
sites 

Wages 

Total 

Maine 

Dollars 
26.38 
28.91 
34.45 
15.84 
29.74 
22.97 

Dollars 
53.75 
63.39 
49.14 

77.46 
65.33 
66.  06 

Dollars 
80.13 
92.30 
83.59 
93.30 
95.07 
89.03 

Dollars 
78.00 
78.33 

Dollars 
28.67 
34.32 
34.45 
23.77 
29.74 
30.63 

Dollars 
51.64 
60.60 
49.14 
76.84 
65.33 
61.92 

Dollars 
80.31 

New  Hampshire 

94.92 

Vermont.  ..  

83.69 

Massachusetts 

78.67 

100.61 

Rhode  Island 

96  07 

Connecticut 

78.50 

92.55 

New  England 

25.08 

63.07 

88.15 

78.50 

30.04 

60.02 

90.06 

New  York 

32.19 
25.58 
32.48 

56.26 
70.31 

48.25 

88.45 
95.89 
80.73 

69.38 
65.50 
55.92 

33.55 
28.99 
34.30 

55.71 
70.95 
47.82 

89.26 

New  Jersey 

99.94 

Pennsylvania      

82.12 

Middle  Atlantic 

31.84 

53.36 

85.20 

62.00 

33.60 

52.88 

86.48 

Ohio 

29.90 
33.61 
34.06 
31.79 
30.82 

43.68 
41.63 
49.16 
48.10 
48.16 

73.58 
75.24 
83.22 
79.89 
78.98 

52.  50 
47.00 
51.00 

31.90 
34.54 
35.  79 
3L79 
33.53 

43.08 
41.47 
49.07 
48.10 
47.96 

74.98 

Indiana 

76.01 

Illinois 

84.86 

Michigan 

79.89 

Wisconsin. __ 

60.44 

81.49 

East  North  Central.... 

32.37 

46.23 

78.60 

50.70 

34.01 

46.01 

80.02 

Minnesota 

29.12 
32.45 
28.16 
32.75 
30.76 
30.14 
33.36 

48.08 
50.44 
38.24 
49.  50 
50. 05 
46.98 
44.24 

77.20 
82.89 
66.40 
82.25 
80.81 
77.12 
77.60 

47.50 
49.43 
38.33 
49.00 
42.50 
51.00 
37.50 

31.39 
33.  79 
29.26 
35.79 
32.69 
32.42 
34.27 

48.12 
50.49 
38.23 
49.54 
50.52 
46.68 
44.41 

79.51 

Iowa . 

84.28 

Missouri 

67.49 

North  Dakota . 

85.33 

South  Dakota 

83.21 

Nebraska 

79  10 

Kansas  

78.68 

West  North  Central 

31.  15 

47.06 

78.21 

46.87 

32.  85 

47.07 

79.92 

Maryland 

32.27 
25.18 
27.96 
30.91 
22.79 
24.30 
26.33 
23.06 

38.20 
51.58 
33.83 
4L52 
35.12 
22.55 
24.97 
46.50 

70.47 
76.76 
61.79 
72.43 
57.91 
46.85 
51.30 
69.56 

21.50 

34.42 
25.18 
28.46 
30.91 

22.79 
25.17 
26.85 
27.67 

39.32 
51.58 
33.28 
41.52 
35.12 
22.43 
24.95 
45.80 

73.74 

Delaware 

76  76 

Virginia 

65.00 

61  74 

West  Virginia 

72.43 

North  Carolina 

57  91 

South  Carolina 

26.00 
26.00 
50.00 

47  60 

Georgia 

Florida... .  . 

61.80 
73  47 

South  Atlantic 

26.97 

32.81 

59.78 

35.00 

27.68 

32.  75 

60.43 

Kentucky 

27.35 
20.67 
24.82 
30.  58 

33.21 
31.02 
25.83 
33.00 

60.56 
51.69 
50.65 
63.  58 

27.35 
20.67 
24.82 
32.19 

33.21 
31.02 
25.83 
32.77 

60  56 

Tennessee 

51  69 

Alabama 

50.65 

Mississippi 

37.50 

64  96 

East  South  Central 

24.71 

31.01 

55.  72 

37.  50 

24.87 

30.97 

56.84 
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Table  2. — Average  monthly  wages  and  farm  values  of  perquisites  of  noncasual  hired 
farm  laborers,  by  States,  1D25 — Continued 


Wages  of  all  laborers 

Wages  of  laborers  receiving- 

State  and  geographic 
division 

Perqui- 
sites 

Wages 

Total 

Wages 
only 

Perquisites  and 

wages 

Perqui- 
sites 

Wages 

Total 

Arkansas 

Dollars 
22.46 
19.25 
30.23 
32.92 

Dollars 
34.14 
33.64 
35.45 
38.51 

Dollars 
56.60 
52.89 
65.68 
71.43 

Dollars 

Dollars 
22.46 
24.50 
31.14 
32.92 

Dollars 
34.14 
30.91 
35.47 
38.51 

Dollars 
66.60 
55  41 

Louisiana 

43.67 
35.00 

Oklahoma 

66.61 
71.43 

Texas 

West  South  Central 

27.63 

35.84 

63.47 

41.  .50 

28.48 

35.65 

64.13 

Montana 

36.36 

38.13 

39.71 

29.47 

26.57 

(0 

30.90 

64.88 

56.94 
62.38 
53.20 
62.62 
38.00 
72.50 
63.00 
73.74 

93.30 
100.51 
92.91 
81.99 
64.57 

93.90 
138.  62 

80.00 

38.18 
38.13 
39.71 
29.47 
37.20 

55.79 
62.38 
53.20 
52.52 
35.00 

93.97 
100  61 

Idaho 

Wyoming 

92  91 

Colorado 

81.99 
72.20 

New  Mexico 

45.50 

Arizona 

Utah 

70.00 

38.62 
64.88 

61.26 
73.74 

99  88 

Nevada-. 

138.62 

Mountain . 

35.13 

55.81 

90.94 

60.25 

36.78 

55.60 

92.38 

Washington 

33.01 
33.54 
32.70 

62.22 
62.39 
82.81 

95.26 
95.93 
115.51 

33.  W 
35.14 
40.39 

62.22 
60.60 
78.45 

95  26 

Oregon 

100.00 
101.33 

95.74 
118  84 

California 

Pacific 

33.00 

71.98 

104.98 

101. 19 

36.72 

68.69 

105. 41 

United  States 

30.34 

46.44 

76.78 

68.68 

31.0^ 

45.78 

77  77 

1  The  values  of  perquisites  given  noncasual  laborers  in  Arizona  were  not  included  here  because  they  were 
not  fully  reported. 

PERQUISITES 

BOARD 

The  perquisites  in  the  board  group  as  a  whole  (Table  3),  including 
board,  room,  and  washing,  averaged  $26.65  per  month  in  value.  The 
largest  proportion  of  men  receivmg  board-group  perquisites  were  in 
the  Mountain  and  West  North  Central  States.  Two-thirds  of  the 
men  there  had  some  of  these  perquisites  in  contrast  to  one-third  in 
the  East  South  Central  States. 

Board  is  the  most  uniformly  common  and  the  most  expensive  per- 
quisite given  to  farm  laborers.  Half  the  noncasual  men  were  reported 
as  receiving  it  at  an  average  value  of  $20.88  per  month.  The  pro- 
portions of  men  receiving  board  were  almost  the  same  as  those  receiv- 
ing any  item  of  the  board  group. 

Table  3. — Average  monthly  farm  value  of  hoard,  room,  and  washing  given  to  non- 
casual  hired  farm  laborers,  by  geographic  divisions,  1925 


Average  monthly  farm  value  of— 

Number  of  laborers  receiving- 

Geographic  division 

Board 

Room 

Wash- 
ing 

Total 
for  one 
or  more 
of  these 
perqui- 
sites 

Board 

Room 

Wash- 
ing 

One  or 
more  of 
these 
perqui- 
sites 

New  England 

Dollars 
25.28 
24.49 
21.16 
21.06 
16.63 

Dollars 
7.91 
6.74 
6.68 
6.28 
4.66 
3.69 
6.08 
7.00 
7.04 

Dollars 
2.66 
3.07 
2.98 
2.97 
2.38 
2.16 
2.63 
2.79 
2.99 

Dollars 
30.66 
29.83 
27.77 
27.99 
17.88 
16.48 
21.85 
31.69 
33.69 

Number 
76 
182 
389 
676 
187 
109 
102 
96 
69 

Number 
47 
109 
265 
443 
70 
38 
56 
73 
61 

Number 
41 
117 
268 
424 
62 
39 
68 
42 
28 

Number 
75 

Middle  Atlantic 

183 

East  North  Central.    .    . 

390 

West  North  Central 

676 

South  Atlantic 

189 

East  South  Central 

14.39 

109 

West  South  Central 

17.59 
26.25 
26.68 

102 

Mountain    .                 .. 

96 

Pacific 

69 

United  States 

20.88 

6.17 

2.88 

26.65 

1,784 

1,162 

1,067 

1,788 

PERQUISITES  AND  WAGES  OF  HIRED  FARM  LABORERS 


Most  farmers  in  the  North  Atlantic,  North  Central,  and  Far 
Western  States  who  board  their  help  do  so  at  their  own  tables.  Some 
farmers  who  hire  a  married  man  pay  him  or  his  wife  to  board  other 
help  hired.  In  the  South  Central  and  South  Atlantic  States  the  em- 
plo3dng  farmers  much  less  often  board  their  help  at  their  own  tables, 
because  of  the  practice  of  giving  their  negro  farm  hands  foodstuffs  or 
rations  to  take  home.  Some  farmers  set  separate  tables  for  their 
help,  whether  white  or  colored. 

About  two-thirds  of  the  farm  hands  given  board  were  also  given 
rooms,  averaging  in  value  about  $6.17  per  month.  Half  of  the  farm 
laborers  were  reported  as  given  room  in  the  Mountain  and  the  West 
North  Central  States,  but  only  1  in  6  or  7  was  thus  favored  in  the 
Southeastern  States. 

Washing  was  done  for  about  the  same  number  of  farm  laborers  as 
were  given  lodging.  Its  average  value  was  found  to  be  $2.88  per 
month.  This  was  the  least  frequently  given  perquisite  of  the  group, 
being  given  to  less  than  a  third  of  the  men.  Farmers  in  the  West 
North  Central  States  reported  it  much  the  most  frequently — in  nearly 
half  the  cases.  Farmers  in  the  Southeastern  States  gave  it  to  only 
one  farm  laborer  in  eight. 


SHELTER 


Shelter,  including  house  and  fuel  (Table  4),  is  the  next  most  val- 
uable group  of  perquisites  given  to  farm  laborers.  The  average  value 
of  the  group  as  reported  was  $12.12.  Some  item  of  the  shelter  group 
was  given  to  nearly  half  of  the  farm  laborers.  Men  in  the  North 
Atlantic  and  the  Southeastern  States  received  them  most  frequently, 
and  in  the  West  North  Central  and  Mountain  States  least  often. 
This  is  rather  the  opposite  of  the  tendency  in  the  board  group. 

Table  4.- — Average  monthly  farm  values  of  house,  and  fuels,  and  average  monthhj 
quantities  of  fuels  given  to  noncasual  hired  farm  laborers,  by  geographic  divisions, 
1925 

AVERAGE  VALUE  GIVEN 


Perquisites 

New 
Eng- 
land 

Middle 
Atlan- 
tic 

East 
North 
Central 

West 
North 
Central 

South 
Atlan- 
tic 

East 
South 
Central 

West 

South 
Central 

Moun- 
tain 

Pacific 

United 
States 

House  (rent) 

Wood  .  . 

Dollars 
11.73 
7.97 
5.83 

Dollars 
10.54 
5.68 
3.38 
6.00 
L46 

Dollars 
10.46 
4.32 
3.71 

Dollars 
10.74 
4.26 
3.15 

Dollars 
6.76 
3.92 
6.24 
2.00 
LOO 

Dollars 
5.60 
2.61 
2.09 

Dollars 
7.50 
2.92 
6.12 

Dollars 
10.66 
4.10 
4.25 

Dollars 
13.00 
6.97 

Dollars 
9.44 
4.38 
3.72 
4.67 

Coal. 

Gas.._. 

Electricity 

2.98 

1.83 

L81 

LIO 

i.76 

L38 

L84 

1  84 

Total  (for  one  or 
more    of    these 
perquisites) 

17.67 

15.49 

12.62 

12.87 

9.81 

6.91 

8.78 

12.35 

16.76 

12.12 

AVERAGE 

QUANTITY  GIVEN 

Wood  (cords) 

Coal  (tons) .. 

Number 
1.00 
.38 

Number 
LOl 
.44 

9.50 

17.5 

Number 
L29 
.59 

Number 
1.08 
.55 

Number 
1.11 

.88 

5.00 

Number 
1.30 
.43 

Number 
LOS 
.38 

Number 

0.40 

.56 

Number 
0.79 

Number 

L13 

54 

Gas  (thousand  cubic 
feet) 

8  00 

Electricity(kilowatt- 
hours) 

47.3 

20.    4 

15.0 

6.0 

n.o 

6.0 

25.4 

24  4 

LABORERS  RECEIVING 


House  (rent) 

Wood 

68 
61 
5 
0 

8 

195 
175 

25 
2 

14 

364 
226 

45 
4 

18 

258 
192 

13 
0 

12 

228 

236 

10 

6 

3 

164 

158 

16 

0 

2 

99 

86 

3 

1 

2 

41 
12 
4 
0 

4 

57 

32 

2 

2 

17 

1,464 

1,176 

123 

15 

80 

Coal    .    . 

Gas 

Total     (receiving 
one  or  more  of 
these       perqui- 
sites)  

75 

210 

391 

285 

266 

190 

115 

« 

58 

1,633 

8       TECHNICAL  BULLETIN  213,  U.  S.  DEPT.  OF  AGRICULTURE 

The  use  of  a  house  makes  up  most  of  the  shelter  group  both  in 
actual  values  and  in  number  receiving  it,  or  fuel,  or  electricity.  It 
averages  $9.44  per  month  for  the  country.  Farmers  of  the  East  South 
Central  and  the  South  Atlantic  States  gave  use  of  a  house  most  fre- 
quently— to  half  their  farm  laborers.  Those  of  the  Middle  Atlantic 
States  reported  nearly  as  high  a  proportion.  Farmers  of  the  West 
North  Central  and  Mountain  States  reported  the  lowest  proportion — 
barely  3  in  10. 

A  few  farmers  make  a  practice  of  providing  a  tenant  house  for  men 
whose  help  they  need  only  part  of  the  year.  In  many  such  cases,  the 
farm  laborers  are  paid  the  usual  rates  of  wages  for  work  done  for  the 
regular  employer,  and  are  free  to  work  elsewhere  part  of  the  year. 
They  are  charged  regular  monthly  rental,  often  nominal,  for  their 
houses  all  the  year.  This  makes  possible  easier  accounting.  There 
were  52  instances  in  which  farmers  reported  providing  houses  under 
these  conditions. 

Wood  is  frequently  furnished  the  farm  laborer  by  the  farmer. 
The  reported  average  monthly  farm  value  was  $4.38  per  month.  One 
and  one-eighth  cords  per  month  was  the  average  quantity  supplied. 
One  man  in  three  had  wood  as  a  perquisite,  taking  the  country  as  a 
whole.  Wood  and  house  are  commonly  associated  as  perquisites, 
especially  in  the  States  along  the  Atlantic  Coast  and  in  the  South 
Central  States.  In  the  Southeastern  States  its  frequency  was  practi- 
cally the  same  as  that  of  house;  it  was  given  to  half  the  farm  laborers. 
It  was  not  common  as  a  perquisite  in  the  Mountain  States. 

Variations  in  quantity  and  value  of  wood  furnished  farm  laborers 
depend  much  upon  local  practices.  Some  men  must  cut  and  haul  the 
fuel  at  their  own  expense;  others  are  fortunate  enough  to  have  part 
or  all  these  operations  done  for  thejn,  which  makes  the  value  of  the 
perquisite  higher.  Whether  or  not  the  laborer  receives  live  or  dead, 
standing  or  fallen  wood  does  much  to  determine  the  value  and  often 
the  frequency  and  quantity  of  the  perquisite. 

Coal  was  reported  as  a  perquisite  most  frequently  from  States  that 
produce  it.  In  some  of  these  States  some  farmers  have  their  own  small 
coal  pits,  but  the  perquisite  was  not  common  even  there.  The  values 
reported  usually  average  less  than  for  wood.  The  average  quantity 
given  was  just  over  half  a  ton  a  month,  valued  at  $3.72. 

Similarly,  gas  was  reported  as  a  perquisite  only  from  States  that 
produce  natural  gas,  some  farmers  having  their  own  gas  wells.  The 
few  cases  averaged  $4.67  in  monthly  value  for  8,000  cubic  feet. 

Electricity  was  furnished  much  more  frequently  for  the  farm  labor- 
er's home  than  was  gas.  Its  average  monthly  value  for  the  24.38 
kilowatt-hours  of  current  furnished  was  $1.84.  This  electricity  was 
probably  consumed  mostly  for  lighting. 

A  few  farmers  furnished  their  farm  laborers  with  kerosene  for  light- 
ing and  cooking.  The  value  of  kerosene  is  included  with  those  of 
miscellaneous  perquisites. 

DAIRY  AND  POULTRY  PRODUCTS 

Dairy  and  poultry  products  as  a  group  have  values  next  highest  to 
the  board  group.  (Table  5.)  They  included  milk,  butter,  eggs,  and 
chickens  for  meat.  For  the  country  as  a  whole,  average  monthly 
values  were  $9.76.  The  highest  were  in  the  East  and  West  North 
Central  States  ($12.50  and  $12.67,  respectively)  and  the  lowest  in  the 


PERQUISITES  AND  WAGES  OF  HIRED  FARM  LABORERS 


East  South  Central  States.  Some  item  of  dairy  or  poultry  products 
was  given  1  man  in  4.  These  perquisites  were  most  commonly  given 
in  the  Middle  Atlantic  States — to  2  out  of  5  farm  laborers,  and  next 
in  the  East  North  Central  States.  Those  in  the  rest  of  the  country 
averaged  about  1  in  5. 

Table  5. — Average   monthly  farm   values   and   quantities   of  dairy   and   poultry 
products  given  to  noncasual  hired  farm  laborers,  by  geographic  divisions,  1925 

AVERAGE  VALUE  GIVEN 


Perquisites 

New 
Eng- 
land 

Middle 
Atlan- 
tic 

East 
North 
Central 

West 
North 
Central 

South 
Atlan- 
tic 

East 
South 
Central 

West 
South 
Central 

Moun- 
tain 

Pacific 

United 
States 

Milk 

Dollars 
6.92 
2.43 
1.75 
2.73 

Dollars 
5.53 
2.89 
2.85 
2.50 

Dollars 
10.85 
3.85 
2.98 
4.43 

Dollars 
11.35 
3.23 
2.96 

2.82 

Dollars 
6.76 
1.73 
1.02 
1.20 

Dollars 
5.90 
2.24 
.75 
1.80 

Dollars 
8.79 
2.08 
1.25 
3.83 

Dollars 

7.12 

3.28 

1.39 

.50 

Dollars 
7.92 
2.00 
2.02 
2.33 

Dollars 
8.64 

Butter 

2.94 

Eggs 

2.34 

Chickens  (for  meat). 

3.31 

Total  (for  one  or 
more    of    these 
perquisites) 

7.73 

6.18 

12.50 

12.67 

7.39 

6.78 

9.40 

9.06 

8.18 

9.76 

AVERAGE  QUANTITY  GIVEN 


Milk  (quarts  per 
day) 

Butter  (pounds  per 
month) 

Eggs  (dozens  per 
month) 

Chickens  (for  meat, 
fowls  per  month). 


Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

2.37 

2.34 

5.24 

5.82 

2.70 

3.04 

3.58 

3.64 

3.69 

5.17 

6.42 

9.58 

8.19 

5.41 

6.21 

5.38 

7.60 

9.00 

3.85 

6.83 

11.09 

11.38 

4.73 

2.80 

8.35 

4.62 

6.75 

2.00 

3.20 

4.20 

3.45 

2.50 

2.50 

5.71 

1.00 

8.25 

Number 
3.94 
7.45 
8.15 
3.97 


LABORERS  RECEIVING 


Milk.. 

66 
9 

10 
3 

173 
14 
29 

15 

274 
50 
52 
32 

192 
40 
32 
25 

95 

25 

13 

6 

66 
17 

7 
6 

41 
16 
16 
10 

26 
7 
9 
4 

27 
3 

7 
4 

960 

Butter 

181 

Eggs 

175 

Chickens  (for  meat). 

105 

Total     (receiving 
one  or  more  of 
these  perquisites) 

66 

175 

281 

195 

96 

68 

45 

27 

29 

982 

Milk  makes  up  the  bulk  of  the  dairy  and  poultry  products  group, 
both  in  value  and  number  of  cases  receiving  any  item  of  the  group, 
the  country  over.  It  averaged  $8.64  in  value  per  month  for  almost 
4  quarts  daily. 

Whole  milk  was  usually  reported  as  given.  Skimmed  or  separated 
milk  was  only  occasionally  reported.  Many  farmers  appear  to  pro- 
vide stated  quantities  of  milk,  so  many  quarts  daily.  The  large  aver- 
age quantities  reported  from  some  States,  especially  the  North  Central, 
were  probably  due  to  the  not  uncommon  practice  of  giving  the  hired 
laborer  the  use  of  a  cow. 

Butter  is  not  given  so  often  as  might  be  expected.  This  may  be 
due  partly  to  the  steady  supplanting  of  farm  butter  m-aking  by  cream- 
ery production.  It  was  given  to  about  1  man  in  20.  When  given, 
it  averaged  $2.94  in  value  for  7.45  pounds  per  month. 

Similarly  eggs  are  not  commonly  given  as  a  perquisite;  only  1  man 
in  20  had  them,  for  the  country  as  a  whole.  About  8  dozen  eggs 
worth  $2.34  were  given  monthly. 

Chickens  or  poultry  for  meat  were  not  often  reported  as  a  perquisite. 
When  given,  the  average  allowance  was  practically  four  birds,  worth 
$3.31  per  month. 
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The  infrequency  of  the  allowance  of  eggs  and  poultry  is  offset  by 
the  large  numbers  of  farmers  who  allow  the  hired  laborers  to  keep 
poultry. 

MEATS 

Meats  as  a  group  (pork  and  its  products,  beef,  and  other  meats 
except  poultry)  were  perquisites  worth  $4.69  per  month  to  farm 
laborers  to  whom  they  were  given.  (Table  6.)  Some  item  of  this 
group  was  given  to  1  man  in  6.  The  greatest  proportion  of  men  to 
receive  any  were  in  the  East  North  Central  States,  where  3  in  10  were 
given  meat.  Perquisites  from  this  group  were  seldom  reported  in  the 
Far  Western  States. 

Table  6. — Average  monthly  farm  values  and  quantities  of  meats  and  meat  products 
given  to  noncasual  hired  farm  laborers,  by  geographic  divisions,  1925 

AVERAGE  VAL0E  GIVEN 


Perquisites 

New 
Eng- 
land 

Middle 
Atlan- 
tic 

East 
North 
Central 

West 
North 
Central 

South 
Atlan- 
tic 

East 
South 
Central 

West 

South 

Central 

Moun- 
tain 

Pacific 

United 
States 

Pork,  ham,  or  bacon. 
Lard— — - 

Beef 

DoUars 
2.19 
2.42 
2.70 
2.20 

Dollars 
4.06 
1.46 
1.68 
5.05 

Dollars 
4.61 
1.32 
1.38 
4.68 

Dollars 
4.39 
1.02 
2.38 
2.62 

Dollars 
3.95 
1.40 
1.39 
3.14 

Dollars 

4.63 

1.79 

.99 

3.09 

Dollars 
3.15 
1.38 
1.98 
1.75 

Dollars 

3.44 

.62 

3.06 

1.00 

Dollars 
9.00 
1.00 

Dollars 
4.33 
1.40 
1.71 

other  meats 

3.47 

Total  (for  one  or 
more    of    these 
perquisites) 

4.63 

4.38 

4.86 

4.53 

4.32 

4.86 

4.83 

4.62 

9.00 

4.69 

AVERAGE   QUANTITY  GIVEN 


Pork,  ham,  or  bacon 
(pounds) 

Lard  (pounds) 

Beef  (pounds) 

Other  meats 
(poimds) 


Number 

11.00 
7.50 
16.00 

12.50 


Number 

23.41 
12.33 
12.76 

34.10 


Number 

33.59 
7.49 
10.43 


Number 

30.68 
5.18 
18,91 

16.24 


Number 

20.58 
7.90 
8.86 

18.12 


Number 

21.32 
10.62 
6.70 

16.72 


Number 

16.73 
8.71 
13.08 

16.67 


Number 

15.56 

3.50 

26.56 

3.00 


Number 


29.33 
6.00 


Number 

28.65 
8.19 
12.52 

16.09 


LABORERS  RECEIVING 


Pork,  ham,  or  bacon. 
Lard             

5 
2 
2 
4 

40 
6 

19 
6 

218 
40 
21 
21 

98 
11 
15 
8 

69 
22 
8 
27 

26 
22 
10 
18 

10 
8 
6 
3 

4 
2 
3 
2 

3 

1 
0 
0 

473 
114 

Beef 

84 

Other  meats.. 

89 

Total   (receiving 
one  or   more  of 
these  perquisites). 

9 

61 

242 

110 

91 

45 

14 

5 

3 

570 

Pork,  ham,  and  bacon,  considered  together,  comprised  most  of  the 
bulk  and  value  of  the  meat  group.  They  averaged  $4.33  in  monthly 
value  for  28.65  pounds,  for  the  United  States;  1  man  in  8  was  given 
the  meat.  The  proportion  of  hired  laborers  receiving  pork  was  de- 
cidedly highest  in  the  East  North  Central  States.  In  the  South- 
eastern States  the  lowered  frequency  of  giving  pork  as  a  perquisite 
was  largely  balanced  by  the  high  frequency  of  the  laborer  who  kept 
hogs  on  his  employer's  farm. 

Lard  was  seldom  given  as  a  perquisite.  Beef  and  other  meats 
were  infrequently  reported. 

Meats,  especially  fresh  meats,  are  usually  given  to  farm  laborers  at 
fall  or  winter  slaughtering  time.  Pork  is  likely  to  be  given  in  the 
form  of  a  whole  hog  or,  as  with  beef,  certain  parts  of  carcasses  may  be 
given.     The  supply  of  perquisite  meat  for  the  farm  laborer  is  thus 
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somewhat  restricted  to  the  cooler  months  of  the  year,  and  to  those 
during  which  the  farm  salted  or  cured  meats  last. 


FLOUR    AND    MEAL 


Flour  and  meal  were  seldom  reported  as  perquisites  outside  the 
Southeastern  States.  (Table  7.)  Flour  was  usually  wheat  flour,  and 
meal  was  corn  meal. 


Table  7. — Average  monthly  farm  values  and  quantities  of  flour  and  meal  given  to 
noncasual  hired  farm  laborers,  by  geographic  divisions,  1925 


Average  values  reported 
given- 

Average  quan- 
tities reported 
given — 

Number  of  laborers  re- 
ported as  receiving- 

Geographic  division 

Flour 

Meal 

Total  for 
one  or 
both  of 
these  per- 
quisites 

Flour 

Meal 

Flour 

Meal 

One  or 
both  of 
these  per- 
quisites 

New  England                 .  .. 

Dollars 
4.22 
2.08 
2.22 
1.26 
2.51 
2.19 
1.52 

Dollars 

0.25 

.64 

.52 

.92 

1.64 

.     1.12 

1.38 

Dollars 
4.28 
1.95 
1.74 
1.04 
3.40 
2.53 
2.07 

Pounds 
57.70 
48.88 
40.21 
34.00 
48.90 
42.96 
32.17 

Pounds 
5.00 
15.06 
15.75 
67.50 
61.36 
41.75 
37.56 

Number 
4 
20 
21 
2 
67 
25 
6 
0 
2 

Number 
1 
7 
13 
4 
67 
31 
10 
0 
1 

Number 
4 

Middle  Atlantic 

23 

East  North  Central      -  -     . 

29 

West  North  Central 

6 

South  Atlantic .  . 

83 

East  South  Central 

35 

West  South  Central-.  .. 

12 

Mountain ._  ..     

0 

Pacific 

2.38 

.50 

2.62 

50.00 

7.00 

2 

United  States 

2.35 

1.28 

2.66 

45.99 

47.82 

147 

134 

194 

VEGETABLES    AND    FRUIT 


Vegetables  and  fruit,  as  a  group,  were  reported  as  the  perquisites 
of  a  little  more  than  a  quarter  of  farm  laborers.  East  of  the  Missis- 
sippi River  twice  as  many  farm  hands  received  them  as  compared 
with  those  west  of  the  river.  (Table  8.)  Average  farm  values  for 
the  vegetables  and  fruit  given  were  $3.50  per  month  for  the  country. 

Potatoes  and  sweetpotatoes,  were  reported  given  to  farm  laborers 
as  perquisites  much  more  frequently  than  were  other  vegetables. 
Highest  average  values  and  quantities,  and  much  the  highest  pro- 
portion of  men  receiving  them  were  reported  from  the  Middle  At- 
lantic States.  Lowest  values  and  quantities  were  given  in  the  Pacific 
States.  Average  values  for  the  country  w^ere  $2.73  per  month  for 
1.81  bushels. 

Apples  were  reported  given  as  perquisites  somewhat  more  frequently 
than  potatoes.  The  largest  proportion  of  farm  laborers  receiving 
apples  was  in  the  Middle  Atlantic  States  where  3  men  in  10  got  them. 
West  of  the  Mississippi  this  perquisite  was  infrequent. 

Other  fruits  were  given  somewhat  less  than  apples.  Farmers  in 
the  Middle  Atlantic  States  were  most  liberal  in  giving  them.  The 
average  values  of  apples  given  was  just  over  $1.30  per  month.  That 
of  all  other  fruits  given  was  about  the  same. 


MISCELLANEOUS    FOODS 


Miscellaneous  foods,  although  seldom  given  (Table  9),  often    were 
of  considerable  average  value — $2.68  per  month. 
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Table  8. — Average  monthly  farm  values  and  quantities  of  vegetables  and  fruiU 
given  to  noncasual  hired  farm  laborers j  by  geographic  divisions,  1925 

AVERAGE  VALUE  GIVEN 


Perquisites 

New 
Eng- 
land 

Middle 
Atlan- 
tic 

East 
North 
Central 

West 
North 
Central 

South 
Atlan- 
tic 

East 
South 
Central 

West 
South 
Central 

Moun- 
tain 

Pacific 

United 
States 

Potatoes 

Dollars 
2.68 
L92 
1.19 
1.56 

Dollars 
3.30 
2.87 
1.40 
1.19 

Dollars 
2.75 
L62 
1.30 
L29 

Dollars 
2.48 
1.89 
1.41 
1.20 

Dollars 
2.31 
2.48 
L28 
1.39 

Dollars 
1.91 
2.36 
L12 
1.26 

Dollars 
2.58 
2.50 
1.35 
1.68 

DoUars 

1.70 

3.80 

.75 

LOO 

Dollars 
L50 
3.45 
L20 
L68 

Dollars 
2.73 

Other  vegetables 

Apples..      .  . 

2.28 
1  31 

Other  fruit 

1.32 

Total  (for  one  or 
more    of    these 
perquisites) 

3.70 

4.74 

3.43 

2.97 

3.15 

2.46 

3.30 

3.04 

2.78 

3.50 

AVERAGE  QUANTITY  GIVEN 


Potatoes  (bushels) -- 
Apples  (bushels) 


Number 
L59 
L12 


Number 
2.00 
L26 


Number 
L87 
1.27 


Number 
L87 
1.47 


Number 
1.61 
L39 


Number 
1.50 
1.29 


Number 
L46 
.99 


Number 
L58 
L45 


Number 
0.92 
L12 


Number 
L81 
L29 


LABORERS  RECEIVING 


Potatoes - 

37 
22 
40 

14 

148 
40 

121 
60 

130 
50 

168 
97 

72 
23 
70 
43 

50 
52 

25 
20 
37 
33 

15 
13 
10 
18 

15 

7 
7 
6 

6 
6 
8 
16 

496 

Other  vegetables 

Apples 

226 
544 

Other  fruit 

339 

Total  (for  one  or 
more    of    these 
perquisites) 

60 

180 

235 

131 

140 

77 

34 

24 

23 

901 

Table  9. — Average  monthly  farm  value  of  miscellaneous  foods  given  to  noncasual 
hired  farm  laborers,  by  geographic  divisions,  1925 


Geographic  division 

Laborers 
reported 
as  receiv- 
ing mis- 
cellane- 
ous food 

Average 
values 

reported 
given 

Geographic  division 

Laborers 
reported 
as  receiv- 
ing mis- 
cellane- 
ous food 

Average 
values 

reported 
given 

New  England 

Number 
3. 
13 
21 
13 
28 
15 

Dollars 
0.67 
L50 
L79 
L29 
1.63 
3.87 

West  South  Central 

Number 
10 
2 
0 

Dollars 
7  67 

Middle  Atlantic 

Mountain 

2.76 

East  North  Central 

Pacific. 

West  North  Central 

United  States    . 

South  Atlantic 

105 

'   2.68 

East  South  Central 

KEEPING    LIVESTOCK 


Over  half  of  the  reporting  farmers  allowed  their  hired  laborers  to 
keep  on  the  place  one  or  more  kinds  of  livestock — chickens,  pigs, 
cows,  and  horses  or  mules.  (Table  10.)  This  privilege  was  most 
frequently  given  in  the  Southeastern  and  west  South  Central  States, 
and  least  often  in  New  England  and  the  west  North  Central  and 
Pacific  States.  Six  out  of  seven  hired  men  who  were  allowed  it  made 
use  of  the  privilege.  They  did  so  most  frequently  in  the  East  North 
and  East  South  Central  States,  and  least  often  in  New  England. 
Poultry  was  kept  in  nearly  all  cases  in  which  the  laborers  kept  any 
livestock.  In  about  half  the  cases  pigs  or  cows  were  kept,  and  in 
one-fourth,  horses  or  mules. 
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Table  10. — Numbers  of  noncasual  hired  farm  laborers  reported  allowed  as  a  per- 
quisite the  keeping  of  livestock  on  their  employers'  farms,  and  the  average  numbers 
of  the  principal  kinds  kept,  by  geographic  divisions,  1925 

LABORERS  ALLOWED  TO  KEEP  LIVESTOCK 


Kind  of  livestock 

New 
Eng- 
land 

Middle 
Atlan- 
tic 

East 
North 
Central 

West 
North 
Central 

South 
Atlan- 
tic 

East 
South 
Central 

West 
South 
Central 

Moun- 
tain 

Pacific 

United 
States 

Poultry. 

Number 
69 
51 
31 
37 

Number 
179 
144 
70 
46 

Number 
395 
193 
234 
156 

Number 
297 
175 
185 
176 

Number 
327 
306 
244 
123 

Number 
222 
189 
194 
140 

Number 
139 
121 
120 

88 

Number 
49 
36 
42 
53 

Number 
48 
22 
31 
16 

Number 
1,725 
1  237 

pigs..„.:::::::::::: 

Cows 

1  151 

Horses  or  mules 

835 

One  or  more  kinds. 

80 

202 

452 

383 

343 

238 

156 

79 

59 

1,992 

None 

102 

199 

372 

516 

89 

62 

68 

64 

77 

1,539 

LABORERS  KEEPING  LIVESTOCK 


Poultry 

40 
17 
11 

18 

147 
96 
33 
22 

361 
138 
173 
99 

253 
114 
116 
109 

266 
235 
161 
48 

186 
151 
143 

87 

105 
76 
76 
52 

30 
14 
20 
34 

33 
9 
14 

7 

1,421 

Pigs...... 

850 

Cows - 

747 

Horses  or  mules 

476 

One  or  more  kinds. 

51 

172 

408 

321 

295 

212 

131 

55 

41 

1,686 

None 

131 

229 

416 

578 

137 

78 

93 

88 

95 

1,845 

ANIMALS  KEPT  BY  LABORERS 


Poultry 

Pigs 

Cows 

Horses  or  mules 


34.2 

46.1 

74.0 

84.7 

34.5 

42.3 

34.2 

39.3 

36.3 

L4 

L9 

3.0 

3.0 

2.8 

3.6 

2.8 

2.1 

1.4 

1.2 

1.0 

1.3 

1.5 

1.4 

1.5 

1.7 

2.2 

1.1 

1.1 

1.0 

1.1 

1.3 

1.2 

1.3 

1.6 

1.4 

1.9 

55.8 
2.8 
1.4 
1.3 


Most  farmers  who  allowed  their  noncasual  laborers  to  keep  any 
livestock  allowed  poultry.  Decidedly  the  largest  proportion  of 
farmers  giving  the  privilege  was  reported  from  the  South  Atlantic 
and  South  Central  States,  and  the  least  from  the  far  Western  States. 
The  most  use  of  the  privilege  was  reported  from  the  East  North 
and  East  South  Central  States,  and  the  least  from  the  New  England 
States. 

Pigs  could  be  kept  by  one-third  of  the  farm  laborers,  over  two- 
thirds  of  whom  made  use  of  this  privilege.  Farmers  in  the  South- 
eastern States  allowed  this  arrangement  in  a  much  larger  proportion 
of  cases  than  others,  and  the  largest  proportion  of  farm  laborers 
allowed  it  made  use  of  the  chance  in  these  States.  The  least  fre- 
quent allowance  was  reported  from  the  West  North  Central  and  the 
Pacific  States.  Hired  laborers  of  New  England  made  least  use  of 
the  opportunity  given. 

Farm  operators  allowed  their  farm  laborers  to  keep  cows  in  prac- 
tically a  third  of  the  cases  reporting;  two-thirds  of  the  men  given  the 
privilege  made  use  of  it.  Southeastern  farmers  allowed  the  practice 
decidedly  the  most  often;  North  Atlantic  farmers,  least.  Farm 
laborers  of  the  East  North  and  East  South  Central  States  made  the 
most  use,  and  New  Englanders  the  least  use,  of  the  arrangement. 

Horses  or  mules  could  be  kept  by  somewhat  less  than  one-fourth 
of  hired  farm  laborers,  half  of  whom  took  advantage  of  the  privilege. 
The  South  Central  States  farmers  allowed  it  more  often  than  farmers 
elsewhere,  and  three  out  of  five  farm  laborers  there  made  use  of  it. 
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but  in  barely  as  high  proportion  as  in  the  Mountain  and  East  North 
Central  States.  Middle  Atlantic  States  farmers  gave  the  privilege 
least  often.  Hired  farm  laborers  of  the  South  Atlantic  States  made 
least  use  of  the  opportunity. 

The  allowance  or  denial  of  the  privilege  to  keep  horses  or  mules 
does  not  mean  so  much  as  it  would  have  meant  10  or  15  years  ago. 
The  data  show  that  in  the  geographic  divisions  in  which  farmers 
gave  the  privilege  least,  they  tended  to  give  garage  space  for  hired 
laborers'  automobiles  most  often. 


PEED    FOR    LIVESTOCK    OWNED    BY    FARM    LABORERS 

Farmers  reported  that  they  furnished  some  feed  for  farm  laborers* 
livestock  three  out  of  five  times  in  which  the  men  kept  livestock. 
(Table  11.)  This  occurred  most  often  in  the  North  Central,  and 
least  often  in  the  West  South  Central  States. 

Nearly  half  of  their  farm  laborers'  poultry  flocks  were  given  some 
feed  by  farm  operators.  Two  thirds  of  the  flocks  in  the  North  Central, 
but  only  one  in  five  in  the  New  England  States,  received  feed. 

Similarly,  feed  for  pigs  was  most  often  allowed  in  the  Pacific  and 
North  Central  States,  and  least  often  in  New  England. 

Table  11. — Average  monthly  farm  value  of  feed  furnished  by  farmers  for  the  live- 
stock allowed  kept  on  the  farm  by  noncasual  hired  farm  laborers,  by  geographic 
divisions,  1925 

AVERAGE  VALUE  OF  FEED  FOR  LIVESTOCK 


Kind  of  livestock 

New 
Eng- 
land 

Middle 
Atlantic 

East 
North 
Central 

West 
North 
Central 

South 
Atlantic 

East 
South 
Central 

West 
South 
Central 

Moun- 
tain 

Pacific 

United 
states 

Chickens 

Dollars 
1.46 
.68 
4.89 
5.80 

Dollars 
2.48 
3.05 
5.35 
4.12 

Dollars 
4.02 
3.59 
4.92 
4.67 

Dollars 
3.47 
2.41 
4.15 
3.65 

Dollars 
1.65 
2.03 
3.04 
5.01 

Dollars 
2.26 
1.91 
3.03 
4.42 

Dollars 
2.15 
2.54 
2.83 
3.91 

Dollars 
2.15 
2.30 
4.01 
4.45 

Dollars 

1.61 

.94 

6.35 

5.00 

Dollars 
3.11 

PiRS 

2.63 

Cows  -.  -- 

4.11 

Horses  or  mules 

4.31 

Total     (for    live- 
stock of  one  or 
more  kinds) 

5.43 

5.34 

7.18 

5.77 

4.50 

5.64 

4.96 

5.67 

4.61 

5.89 

LABORERS  RECEIVING  FEED  FOR  LIVESTOCK 


Chickens 

Number 
7 
3 
9 
11 

Number 
55 
37 
27 
17 

■ 

Number 

230 

66 

126 

73 

Number 
161 
48 
92 
79 

Number 
87 
76 
66 
25 

Number 
53 
45 
57 
34 

Number 
32 
29 
26 
31 

Number 
13 
5 
15 
22 

Number 
12 
6 
10 

1 

Number 
650 

Pies                   .  - 

314 

Cows. - 

428 

Horses  or  mules 

2fa 

Total     (for    live- 
stock of  one  or 
more  kinds) 

22 

86 

295 

236 

139 

92 

68 

35 

20 

992 

Feed  was  most  frequently  given  for  farm  laborers'  cows  in  the  North 
Atlantic  States,  and  least  often  in  the  West  South  Central  States. 

In  the  Middle  Atlantic  and  North  Central  States,  farmers  most 
frequently  provided  feed  to  their  hired  laborers  allowed  to  keep 
horses  or  mules.  On  the  Pacific  coast  they  did  so  comparatively 
seldom. 
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PASTURE    OR    RANGE    FOR   LIVESTOCK    OWNED   BY    FARM   LABORERS 

Three-fifths  of  farmers  whose  hired  hands  kept  livestock  of  any 
kind  were  allowed  pasturage  or  range  for  them.  (Table  12.)  This 
occm-red  most  often  in  the  South  Central  States,  least  in  the  North 
Atlantic  States.  The  average  value  of  the  perquisite  when  furnished 
was  $2.98  for  the  whole  country. 

Farmers  whose  hired  men  kept  poultry  gave  the  privilege  of  range 
for  them  two  times  out  of  five. 

Similarly,  pasture  or  range  for  pigs  was  also  given  in  two  out  of 
five  cases. 

Pasturage  or  range  was  more  frequently  given  for  cows  than  for 
any  other  livestock  kept  by  noncasual  farm  laborers.  It  also  averaged 
slightly  more  valuable  than  that  for  horses  or  mules  which  was  the 
next  most  valuable.  It  was  given  four  times  out  of  five  cases  when 
the  animals  were  kept. 

The  same  privilege  for  horses  or  mules  was  most  often  given  in 
the  South  Central  States,  and  least  in  New  England. 

Table  12. — Average  monthly  farm  value  of  pasture  or  range  furnished  for  the  live- 
stock allowed  kept  on  the  farm  by  noncasual  hired  farm  laborers,  by  geographic 
divisions,  1925 

AVERAGE  VALUE  OF  PASTURE  FOR  LIVESTOCK 


Kind  of  livestock 

New 

Eng- 
land 

Middle 
Atlantic 

East 
North 
Central 

West 
North 
Central 

South 
Atlantic 

East 
South 
Central 

West 
South 
Central 

Moun- 
tain 

Pacific 

United 
States 

Chickens . 

Dollars 
0.86 
1.00 
1.52 
3.75 

Dollars 
1.03 
1.14 
1.96 
1.85 

Dollars 
1.28 
1.25 
2.05 
1.81 

Dollars 
1.57 
1.28 
2.08 
2.21 

Dollars 
1.22 
1.27 
2.14 
1.87 

Dollars 
1.40 
1.36 
2.13 
1.81 

Dollars 
1.35 
1.14 
1.59 
1.65 

Dollars 
0.81 
1.25 
2.44 
2.09 

Dollars 
1.78 
1.12 
3.69 
2.83 

Dollars 
L33 

Pigs.. 

Cows --     - 

1.27 
2.06 

Horses  ormules 

1.94 

Total  (for  one  or 
more    kinds   of 
livestock) 

2,16 

1.79 

2.70 

2.93 

3.21 

3.78 

2.68 

2.74 

3.84 

2.98 

LABORERS  RECEIVING  PASTURE  OR  RANGE  FOR  LIVESTOCK 


Chickens 

Pigs 

Cows 

Horses  or  mules 

Total  (for  one  or 
or  more  kinds 
of  livestock) 


Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

7 

38 

159 

101 

144 

107 

49 

5 

10 

2 

11 

61 

45 

91 

90 

34 

4 

3 

10 

25 

127 

93 

125 

122 

62 

14 

8 

3 

7 

62 

73 

32 

67 

40 

18 

3 

16 

62 

238 

194 

195 

176 

103 

28 

16 

Number 
620 
341 
586 
305 


1,027 


USE    OF    FARM    HORSES    OR    MULES,  TOOLS,  AND    VEHICLES 

About  three  out  of  five  noncasual  farm  laborers  were  reported  to 
have  had  the  use  of  their  employers'  horses  or  mules,  and  also  of  tools 
and  vehicles,  for  their  own  purposes.  (Table  13.)  Use  of  the  one 
usually  meant  use  of  the  other.  Use  of  vehicles  included  use  of  the 
employer's  automobile  occasionally. 
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Table  13. — Average  monthly  Jarm  value  of  use  oj  farm  horses  or  mules,  and  of 
tools  and  vehicles  allowed  to  noncasual  hired  farm  laborers,  by  geographic  divi- 
sions, 1925 


Geographic  division 

Average  monthly 
value  of  use  of— 

Number  of  laborers 
allowed  use  of— 

Horses  or 
mules 

Tools  and 
vehicles 

Horses  or 
mules 

Tools  and 
vehicles 

Dollars 
3.06 
2.54 
2.17 
2.48 
2.80 
3.43 
3.62 
3.62 
3.46 

Dollars 
3.91 
3.37 
3.49 
3.84 
3.64 
3.69 
4.97 
5.90 
4.49 

Number 
87 
242 
466 
409 
361 
263 
157 
77 
49 

Number 
96 

Middle  Atlantic        

220 

East  North  Central 

448 

"West  North  Central 

418 

South  Atlantic... 

340 

East  South  Central 

231 

"West  South  Central 

166 

66 

Pacific            

68 

United  States 

2.77 

3.83 

2,081 

2,032 

GARDEN    SPACE 

Nearly  half  of  the  noncausal  farm  laborers  were  given  land  for 
gardens  or  small  crops  ,of  their  own.  The  plots  averaged  three- 
quarters  of  an  acre  in  area.  (Table  1.)  Farmers  in  the  South- 
eastern States  appeared  much  the  most  generous  in  frequency  of  the 
allowance.  The  number  of  laborers  receiving  garden  space,  according 
to  geographic  division,  follows:  New  England,  70;  Middle  Atlantic, 
203;  East  North  Central,  421;  West  North  Central,  307;  South 
Atlantic,  297;  East  South  Central,  206;  West  South  Central,  124; 
Mountain,  39;  Pacific,  48;  United  States,  1,715. 

GARAGE    SPACE 

Garage  space  for  the  farm  laborer's  automobile  was  given  to  three 
out  of  five  hired  men.  Frequencies  by  geographic  divisions  were  as 
follows:  New  England,  82;  Middle  Atlantic,  279;  East  North  Central, 
569;  West  North  Central,  544;  South  Atlantic,  227;  East  South 
Central,  140;  West  South  Central,  98;  Mountain,  76;  Pacific,  90; 
United  States,  2,105.  It  is  noticeable  that  districts  in  which  small 
proportions  of  hired  laborers  kept  horses  usually  tended  to  give  garage 
space  more  often,  and  vice  versa.  Use  of  automobiles  is  gradually 
displacing  use  of  horses  among  hired  laborers. 


MISCELLANEOUS    PERQUISITES 

In  addition  to  the  perquisites  classified  above,  about  a  quarter  of 
noncasual  farm  laborers  received  others.  (Table  14.)  These  were 
frequently  of  considerable  variety.  They  included  the  often-men- 
tioned time  off  without  loss  of  pay  either  as  single  days  or  for  vaca- 
tions, or  for  sickness,  or  for  the  men's  own  affairs.  Other  items  less 
often  mentioned  included  kerosene,  gasoline  and  oil  for  the  laborer's 
automobile,  transportation,  especially  to  points  away  from  the  farm, 
telephone  service,  subscriptions  to  farm  papers.  Still  less  frequently 
mentioned  were  such  perquisites  as  seed  or  manures  for  gardens, 
share  interests  in  certain  areas  of  crops  which  were  part  of  the  farm 
enterprises,   or  in   poultry  raised.     Some  farm  laborers  had   crop 
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acreage  larger  than  gardens,  for  which  their  families  could  care,  and 
from  which  the  crops  were  theirs.  Foods,  or  board  for  wife  and  child, 
and  even  medicines  were  mentioned. 

The  monthly  value  for  miscellaneous  perquisites  for  the  country  as 
a  whole  averaged  $4.77. 

Table  14. — Average  monthly  farm  value  to  noncasual  hired  farm  laborers  of  mis- 
cellaneous perquisites,  by  geographic  divisions,  1925 


Geographic  division 

Average 
value  of 
miscel- 
laneous 
perqui- 
sites 

Laborers 
reported 
receiving 
miscel- 
laneous 
perqui- 
sites 

Geographic  division 

Average 
value  of 
miscel- 
laneous 
perqui- 
sites 

Laborers 
reported 
receiving 
miscel- 
laneous 
perqui- 
sites 

New  England 

Dollars 
4.13 
5.02 
3.87 
4.34 
4.29 
5.35 

Number 
32 
113 
193 
210 
124 
59 

West  South  Central 

Dollars 

4.75 
3.85 
13.80 

Number 
48 

Middle  Atlantic 

Mountain 

27 

East  North  Central 

Pacific.-      -  -- 

30 

■\A7'qo+  MriffVi    r^ontfol 

United  States 

South  Atlantic 

4.77 

836 

East  South  Central 

PROPORTION  OF  REMUNERATION  IN  PERQUISITES 

Practically  two-fifths  of  the  remuneration  of  noncasual  farm  labor- 
ers appears  to  be  made  up  of  perquisite  values,  either  as  payments  in 
kind  or  in  privileges  of  value  to  the  men.  (Table  15,  and  fig.  1.) 
The  percentage  of  total  values  formed  by  perquisites  tended  to  run 
highest  where  wages  were  lowest,  in  the  South  Atlantic  and  South 
Central  States.  There  was  the  reverse  tendency  in  districts  that 
paid  higher  wages. 

Table  15. — Percentage  of  total  remuneration  of  noncasual  hired  farm  laborers 
formed  by  perquisites  and  by  wages,  by  geographic  divisions,  1925 


Perquisites 

New 

Eng- 
land 

Middle 
Atlan- 
tic 

East 
North 
Central 

West 
North 
Central 

South 
Atlan- 
tic 

East 
South 
Central 

West 
South 
Central 

Moun- 
tain 

Pacific 

United 
States 

Board  group: 
Board 

Per  cent 

11.7 

1.9 

.7 

Per  cent 
15.6 

Per  cent 
14.9 
3.4 
L5 

Per  cent 
19.7 
4.4 
2.2 

Per  cent 

12.0 

1.7 

.5 

Per  cent 
11.7 
1.4 

.7 

Per  cent 

14.8 
1.4 
1.6 

Per  cent 

20.7 

4.6 

1.3 

Per  cent 

14.9 

3.5 

.6 

Per  cent 
16.2 

3.1 

Washing 

1.4 

Total 

14.3 

19.5 

19.8 

26.3 

14.2 

13.8 

17.8 

26.6 

19.0 

20.7 

Shelter  group: 
House 

3.5 

2.3 

.1 

4.7 

2.1 

.2 

4.8 

1.2 

.2 

2.9 
.8 
.2 

5.8 

3.5 

.3 

4.7 

2.4 

.2 

4.9 
1.7 
.2 

29 
.3 

(0 

4.0 
1.0 
.2 

4. 1 

Wood  -    

1.5 

All  other 

.2 

Total       

5.9 

7.0 

6.2 

3.9 

9.6 

7.3 

6.8 

3.2 

5.2 

5.8 

Dairy    or    poultry 
products: 
Milk 

2.0 

.4 

2.2 
.3 

3.7 

.6 

2.0 
.3 

2.1 
.2 

2.0 

.5 

1.9 
.4 

1.2 
.2 

1.1 
0) 

2.3 

All  other 

.4 

Total 

2.4 

2.5 

4.3 

2.3 

2.3 

'  2.5 

2.3 

1.4 

1.1 

2.7 

Meats  or  meat  prod- 
ucts: 
Pork,     ham,     or 
bacon 

.1 

0) 

.3 
.1 

1.2 
.3 

.4 

.8 
.5 

.6 
.6 

.2 
.1 

-.- 

.1 

.5 

All  other 

.3 

Total 

.1 

.4 

1.5 

.4 

1.3 

1.2 

.3 

.1 

.1 

.8 

1  Less  than  0.1  per  cent. 
9518°— 31 — 
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Table  15. — Percentage  of  total  remuneration  of  noncasual  hired  farm  laborers 
formed  by  perquisites  and  by  wages,  by  geographic  divisions,  1 926^-Contd. 


Perquisites 

New 
Eng- 
land 

Middle 
Atlan- 
tic 

East 
North 
Central 

West 
North 
Central 

South 
Atlan- 
tic 

East 
South 
Central 

West 
South 
Central 

Moun- 
tain 

Pacific 

United 
States 

Flour  or  meal 

Percent 
0.1 

Percent 
0.1 

Percent 

Percent 

Percent 
1.0 

Percent 

0.5 

Percent 
0.1 

Percent 

Percent 

Percent 
0  1 

Vegetables  or  fruit: 
Potatoes... 

.5 
.3 
.4 

1.0 
.4 

.5 

0.6 
.3 
.3 

0.2 
.1 
.2 

.5 
.4 

.7 

.3 
.3 

.6 

.3 
.1 
.3 

0.2 
.2' 

""o.'i" 

.2 

4 

Apples 

2 

AU  other 

.4 

Total 

1.2 

1.9 

1.2 

.5 

1.6 

1.2 

.7 

.4 

.3 

1.0 

Miscellaneous  foods. 

.1 

.1 

.3 

.3 

.4 

.1 

.1 

Feed   for   laborers' 
livestock: 
Chickens 

.1 

.3 
.2 
.2 
.3 

1.3 
.4 
.9 
.5 

.6 
.1 
.4 

.4 

.6 
.6 
.8 
.7 

.5 

.5 

1.3 

.9 

.6 
.7 
.6 
.9 

.1 

.1 

.6 

Pigs 

.3 

Cows      

.1 
.2 

.2 
.9 

.2 
.1 

.6 

Horses  or  mules... 

.5 

Total      

.4 

1.0 

3.1 

1.5 

2.7 

3.2 

2.8 

1.2 

.1 

2.0 

Pasture  or    range 
for  laborers'  live- 
stock: 
Chickens 

(») 

.1 

.3 
.1 
.3 
.2 

.2 
.1 
.2 
.2 

.7 

.4 

1.1 

.3 

.9 

.7 
1.5 

.7 

.5 
.3 
.8 
.6 

.1 

.3 

Pip 

Cows 

0) 

.1 
.1 

.1 
.3 

.2 

.4 

Horses  or  mules.. . 

.2 

Total 

M 

.3 

.9 

.  .7 

2  5 

3.8 

2.2 

.4 

.4 

1.0 

Use    of   employers' 
horses  or  mules 

Use   of  employers' 
tools  or  vehicles... 

Miscellaneous 

1.6 

1.9 

.4 

1.3 

1.6 
1.7 

1.3 

1.9 
.9 

1.2 

2.0 
1.0 

3.5 

4.2 
1.9 

4.8 

4.1 
1.6 

3.9 

4.8 
1.4 

1.7 

2  7 
.8 

.9 

1.6 
2.5 

1.8 

2.3 
1.2 

Total  perquisites. 
Wages     

28.4 
71.6 

37.4 
62.6 

41.2 

58.8 

39.8 
60.2 

45.1 
54.9 

44.3 

55.7 

43.5 
56.5 

38.6 
61.4 

31.4 
68.6 

39.5 
60.5 

Total  remuner- 
ation          

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

>  Less  than  0.1  per  cent. 

»  This  subtotal  is  made  up  of  items  each  in  themselves  less  than  0.1  per  cent. 

The  board  group  (board,  room,  and  washing)  comprised  about 
half  the  total  value  of  perquisites,  ranging  from  three-tenths  in  the 
Southeastern  States,  where  'the  percjuisites  of  the  group  were  given 
least  often,  to  nearly  seven-tenths  m  the  West  North  Central  and 
Mountain  States,  where  these  perquisites  were  offered  most  often. 
The  tendency  in  the  South  Atlantic  and  South  Central  States  is  to 
give  hired  farm  laborers  house  or  cabin,  and  fuel,  and  have  them  set 
their  own  tables.  In  the  rest  of  the  country,  and  especially  in  the 
West  North  Central  and  Mountain  States,  farm  laborers  are  usually 
lodged  and  boarded  with  the  farm  family. 

The  group  of  shelter  perquisites  (house  and  fuel)  was  next  largest, 
being  one-seventh  of  total  perquisite  values. 

No  other  group  of  perquisites  constituted  over  7  per  cent  of  the 
total  value  of  perquisites  for  the  country  or  over  12  per  cent  for  any 
geographic  division. 

Board,  for  the  country  as  a  whole,  comprises  three-quarters  of  the 
values  of  the  board  group,  and  two-fifths  of  the  total  value  of  all 
perquisites.  It  has  a  higher  proportionate  value  than  any  other 
half-dozen  single  perquisites  taken  together. 
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Similarly,  the  perquisite  of  next  value,  use  of  house,  has  three- 
quarters  of  the  value  of  the  shelter  group,  and  one-tenth  of  the  total 
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Figure  2.— percentages  of  Noncasual  hired  Farm  laborers  Receiv- 
iNG  Perquisites  of  each  kind.  1925 

Board  is  predominantly  the  perquisite  of  unmarried  men,  but  they  receive  other  perquisites  less 
frequently  than  do  married  men. 

perquisite  values  of  the  country.  It  comprised  about  11  to  13  per 
cent  of  perquisite  values  except  in  the  West  North  Central  and 
Mountain  States. 
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Use  of  room  is  the  next  perquisite  in  proportionate  values,  amount- 
ing to  8  per  cent  of  farm  laborers'  total  perquisite  values.  Its  impor- 
tance runs  highest  chiefly  where  that  of  value  of  house  is  lowest,  by 
geographic  divisions. 

Milk  constitutes  6  per  cent  of  perquisite  values.  It  is  of  most 
importance  as  a  perquisite  in  the  North  Central  and  North  Atlantic 
States.  The  use  of  employer's  tools  and  vehicles  also  constitutes 
6  per  cent  of  perquisite  values. 


WAGES  AND  PERQUISITES  IN  RELATION  TO  LABORERS'   MARITAL  STATUS 

Board,  usually  including  room  and  often  including  washing,  is  pre- 
dominantly the  perquisite  of  unmarried  farm  laborers;  over  80  per 
cent  in  every  geographic  division  of  the  country  were  reported  as 
receiving  it.  As  Inany  as  one-fourth  of  the  married  men  received 
board  in  the  South  Atlantic  and  Mountain  States.  Perquisites  of 
the  shelter  and  foodstuffs  groups  and  of  garden  space  pertain  even 
more  predominantly  to  the  married  men.  Most  other  perquisites 
were  given  to  a  much  larger  proportion  of  the  married  than  unmarried 
men.     (Table  16  and  fig.  2.) 

Unmarried  men  receive  some  opportunity  to  keep  livestock,  espe- 
cially in  the  South  Atlantic  and  South  Central  States;  horses  or 
mules  appear  to  predominate.  They  also  get,  but  less  often,  some 
feed  and  pasturage  for  their  stock. 

Table   16. — Percentages  of  noncasual  hired  farm  laborers  receiving  some  of  each 
group  or  kind  of  perquisites,  by  marital  status  and  by  geographic  divisions,  1925 

UNMARRIED  LABORERS 


Perquisites 

1 

i 
is 

2 

h 

"3 

o 

m 

d 

a 
"S 

O 

o 

1 

1     J 

m 

1 

5 

Board:  Board,  room  or  washing 

Shelter:  House  or  fuel 

P.ct. 

89.7 

P.ct. 

88.3 

2.5 

1.9 
.6 

P.ct. 

89.5 
3.5 

1.6 
1.9 

P.c/. 

93.8 

1.1 

.7 

.7 

.2 

.4 

.2 

11.3 

8.2 

6.9 

1.6 

26.1 

27.0 

52.6 

22.6 

2  0 

P.ct. 

82.0 
12.5 

4.7 

4.7 

3.9 

7.0 

1.6 

23.4 

13.3 

10.2 

22.7 

57.8 

55.5 

32.0 

24.2 

3.1 

P.ct. 

84.3 
8.4 

3.6 

3.6 

3.6 

4.8 

2.4 

24.1 

16.9 

19.3 

12.0 

66.3 

55.4 

31.3 

20.5 

2.4 

P.ct. 

88.5 
9.4 

1.0 
1.0 

p.ct. 

95.2 
2.4 

1.2 

P.ct. 

87.0 
7.2 

4.3 
2.9 
2.9 
7.2 

P.ct. 

90.1 
3  9 

Foodstuffs: 

Dairy  or  poultry  products 

Meats  or  meat  products . 

1.7 
1.5 

Flour  or  meal 

7 

Vegetables  or  fruit - 

3.1 

.6 

5.6 

2.5 

1.2 

3.7 

28.4 

32.1 

48.8 

25.9 

5.6 

3.0 

.5 

12.4 

9.4 

6.5 

3.8 

22.8 

26.9 

57.8 

19.9 

4  3 

4.2 
2.1 
26.0 
16.7 
19.8 
14.6 
49.0 
46.9 
29.2 
25.0 
2.1 

2.4 

2.6 

Miscellaneous 

.6 

Allowed  to  keep  livestock 

Feed  for  laborers'  livestock 

Pasture  for  laborers'  livestock 

Space  for  garden .-      ...  . 

2.9 
2.9 
1.5 

25.0 
16.7 
11.9 
2.4 
39.3 
35.7 
39.3 
9.5 
1.2 

5.8 

1.4 

4.3 

4.3 

23.2 

33.3 

62.3 

18.8 

2.9 

13.6 
9.2 

7.8 
5.4 

Use  of  employers'  horses  or  mules 

Use  of  employers'  tools  or  vehicles 

Garage  space. 

23.  5 
29.4 
39.7 
23.5 
7.4 

32.0 
33.2 
48.4 

M  iscellaneous 

None 

21.7 
3  2 
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Table    16. — Percentages  of  noncasual  hired  farm  laborers  receiving  some  of  each, 
group  or  kind  of  perquisites,  by  marital  status  and  by  geographic  divisions,  1925 — 

MARRIED  LABORERS 


Continued 


Perquisites 


Board:  Board,  room  or  washing. .. 

Shelter:  House  or  fuel 

Foodstuffs: 

Dairy  or  poultry  products 

Meats  or  meat  products 

Flour  or  meal... 

Vegetables  or  fruit 

Miscellaneous 

Allowed  to  keep  livestock.. 

Feed  for  laborers'  livestock 

Pasture  for  laborers'  livestock 

Space  for  garden 

Use  of  employers'  horses  or  mules. 
Use  of  employers'  tools  or  vehicles. 

Oarage  space 

Miscellaneous 

None 


P.ct. 
16.8 
85.7 


20.2 
10.1 
73.1 
4.6 
67.6 
33.6 
24.8 
82.8 
81.9 
69.7 
78.2 
30.7 


X3 

h 


P.ct. 
10.2 
86.6 

62.3 

62.8 

7.0 

61.0 

5.0 

82.2 

68.7 

48.1 

90.3 

83.5 

78.8 

78.6 

25.6 

.9 


P.ct. 

18.4 
78.7 

64.6 
32.3 

2.3 
35.4 

3.7 
72.6 
54.2 
45.5 
84.4 
78.1 
76.9 
68.9 
24.2 

1.2 


P.ct. 
28.0 
82.4 

29.7 
28.4 
26.4 
42.2 
8.8 
87.8 
40.6 
62.8 
88.9 
91.9 
88.9 
60.5 
29.4 
.7 


CO  & 

1 

-SO 


P.ct. 

17.1 
89.3 

30.2 
18.0 
13.7 
36.1 
4.9 
91.2 
37.1 
73.7 
93.2 
93.7 
89.8 
49.3 
21.5 
.5 


■So 


p.ct. 
13.3 
82.0 

34.4 
10.9 

8.6 
24.2 

7.8 
82.0 
39.8 
64.1 
87.5 
85.9 
86.7 
51.6 
18.8 

1.6 


P.ct. 

26.3 
73.7 

46.6 

7.0 

1.8 

38.6 

3.5 

57.9 

38.6 

33.3 

66.7 

73.7 

57.9 

66.7 

28.1 

5.3 


P.ct. 

13.6 
80.3 

39.4 
1.6 


27.3 


54.5 
25.8 
21.2 
63.6 
53.0 
57.6 
72.7 
22.7 
9.1 


P.ct. 
16.9 
82.4 

49.8 
28.7 

9.9 
45.1 

5.2 
76.6 
44.1 
47.5 
84.9 
82.5 
78.7 
66.9 
25.1 

1.7 


ALL  LABORERS 


Board:  Board,  room  or  washing 

Shelter:  House  or  fuel 

Foodstuffs: 

Dairy  or  poultry  products 

Meats  or  meat  products 

Flour  or  meal 

Vegetables  or  fruit 

Miscellaneous 

Allowed  to  keep  livestock 

Feed  for  laborers'  livestock.. 

Pasture  for  laborers'  livestock 

Space  for  garden 

Use  of  employers'  horses  or  mules. 
ITse  of  employers'  tools  or  vehicles. 

Garage  space.. 

Miscellaneous 

None 


42.0 

46.1 

47.0 

66.3 

44.9 

36.2 

45.  6 

67.8 

61.5 

39.8 

52.1 

47.5 

31.0 

60.6 

65.9 

60.9 

30.8 

42.6 

35.4 

41.9 

34.0 

21.4 

21.8 

22.8 

20.1 

18.9 

21.3 

5.0 

13.0 

29.1 

12.6 

20.8 

13.8 

6.7 

3.5 

2.2 

2.8 

6.6 

3.6 

1.0 

19.2 

10.7 

4.9 

.7 

1.6 

33.1 

44.9 

29.0 

14.0 

31.0 

25.9 

16.6 

16.8 

16.9 

2.2 

3.0 

3.0 

1.6 

6.6 

4.1 

6.4 

1.4 

27.1 

42.4 

49.9 

34.7 

68.1 

72.1 

58.0 

38.5 

29.4 

12.2 

20.9 

36.2 

25.9 

32.4 

31.0 

29.9 

25.2 

14.0 

8.8 

15.2 

29.4 

21.9 

46.5 

58.3 

45.1 

20.3 

11.8 

38.7 

50.9 

50.6 

33.6 

68.1 

69.3 

66.2 

28.0 

33.1 

51.4 

60.3 

56.8 

46.2 

81.9 

85.9 

70.1 

52.4 

37.5 

54.1 

65.1 

66.0 

46.9 

76.4 

79.7 

69.6 

44.1 

44.9 

47.0 

66.8 

69.7 

59.2 

49.6 

44.5 

42.0 

61.0 

66.9 

22.1 

28.7 

23.2 

23.0 

27.3 

20.3 

21.4 

18.2 

20.6 

8.8 

2.5 

2.4 

1.7 

1.6 

1.0 

1.8 

2.8 

5.9 

51.1 
4.5.9 


3 

1 
6 
4 
1 
3 
0 
29.2 
48.1 
69.4 
57.6 
58.4 
23.6 
2.6 


I  Includes  the  unmarried,  married,  and  also  those  widowed,  divorced,  or  separated  from  their  families, 
and  those  of  unreported  marital  status. 

There  are  some  differences  in  the  total  values  of  wages  and  per- 
quisites given  to  unmarried  and  to  married  noncasual  farm  laborers. 
(Table  17  and  fig.  3.)  In  all  geographic  divisions  and  in  most  States 
married  men  were  reported  as  receiving  higher  averages  than  un- 
married men  as  was  the  case  with  wages  alone. 

The  average  of  wages  alone  for  unmarried  men  was  $42.29;  for 
married  men,  $49.81;  for  all  farm  laborers,  $46.31. 

The  average  values  of  perquisites  given  hired  farm  laborers  were 
$29.87  for  unmarried  men,  $30.93  for  the  married,  and  $30.34  for  all. 
Geographic  division  averages  showed  the  married  men  as  somewhat 
favored,  but  decided  exceptions  are  to  be  noted  in  New  England  and 
the  Far  Western  States.  This  is  the  reverse  of  the  case  of  wages;  in 
the  latter  cases  apparently  unmarried  men  get  board  that  is  of  com- 
paratively high  value,  and  the  married  men  get  perquisites  of  lower 
value.     Average  perquisite  values  showed  much  less  absolute  and 
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relative  variation  than  did  wages,  from  one  geographic  division  to 
another. 

Most  significant  are  the  averages  of  the  combined  value  of  per- 
quisites and  wages  making  up  the  total  remuneration  of  noncasual 
farm  laborers.     Monthly  averages  for  the  United  States  were  $73.28 


no 

100 


UNMARRIED          MARRIED 

t PERQUISITES  r~1 
CASH  WAGES JP 


ENGLAND    ATLANTIC     CENTRAL     CENTRAL     ATLANTIC     CENTRAL     CENTRAL 


FIGURE  3.— AVERAGE    MONTHLY    VALUE    OF    PERQUISITES.    WAGES,    AND   OF 
TOTAL     REMUNERATION    OF    NONCASUAL    HIRED    FARM     LABORERS.     1925 

Unmarried  men  get  less  wages  and  total  remuneration,  and  usually  less  in  perquisite  values  than 
do  married  men. 

for  the  unmarried,  $81.30  for  the  married,  and  $76.78  for  all  farm 
laborers.  Geographic  division  averages  were  always  in  favor  of  the 
married  as  were  those  of  all  States  except  Alabama,  New  Mexico,  and 
Nevada. 

Table  17. — Average  monthly  wages,  farm  values  of  perquisites,  and  the  combined 
values  of  wages  and  perquisites  of  noncasual  hired  farm  laborers,  by  marital 
status,  by  States  and  geographic  divisions,  1925 


State  and  geographic 
division 

Average  monthly  wages 

Average  monthly  farm 
value  of  perquisites 

Average  monthly  com- 
bined value  of  wages 
and  perquisites 

Un- 
mar- 
ried la- 
borers 

Mar- 
ried la- 
borers 

All 
labor- 
ers 1  a 

Un- 
mar- 
ried la- 
borers 

Mar- 
ried la- 
borers 

All 
labor- 
ers! 

Un- 
mar- 
ried la- 
borers 

Mar- 
ried la- 
borers 

All 
labor- 
ers! 

Maine .. 

Dollars 
41.64 
42.93 
39.42 
67.80 
50.00 
48.64 

Dollars 
62.67 
75.  66 
59.48 
84.24 
81.75 
80.42 

Dollars 
54.63 
62.68 
49.44 
75.03 
65.83 
66.72 

Dollars 
27.36 
31.21 
35.98 
18.62 
30.80 
23.86 

Dollars 
25.42 
27.66 
32.49 
15.62 
27.60 
20.69 

Dollars 
26.38 
28.91 
34.46 
15.84 
29.74 
22.97 

Dollars 
70.76 
79.14 
78.20 
76.62 
80.80 
75.43 

Dollars 
87.64 
100.14 
90.61 
106.61 
123.60 
101.44 

Dollars 
80  13 

New  Hampshire 

92.30 

Vermont.   

83  59 

Massachusetts    . 

93  30 

Rhode  Island 

96  07 

Connecticut-. 

89.03 

New  England 

46.70 

74.40 

63.21 

27.89 

23.31 

26.08 

76.20 

98.56 

88  16 

1  Includes  also  laborers  widowed,  separated  from  their  families  or  divorced,  and  marital  status  unreported. 

2  These  data  for  wages  for  all  laborers  do  not  exactly  agree  with  those  of  Table  2.  These  data  include  all 
reports,  complete  or  incomplete,  whereas  Table  2  includes  only  the  data  of  complete  reports  as  explained  on 
pages. 
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Table  17. — Average  monthly  wages,  farm  values  of  perquisites,  and  the  combiried 
values  of  wages  and  perquisites  of  noncasual  hired  farm  laborers,  by  marital 
status,  by  States  and  geographic  divisions,  1925 — Continued 


State  and  geographic 
division 

Average  monthly  wages 

Average  monthly  farm 
value  of  perquisites 

Average  monthly  com- 
bined value  of  wages 
and  perquisites 

Un- 
mar- 
ried la- 
borers 

Mar- 
ried la- 
borers 

Dollars 
63.54 
73.96 
53.76 

AU 

labor- 
ers 

Un- 
mar- 
ried la- 
borers 

Mar- 
ried la- 
borers 

AU 
labor- 
ers 

Un- 
mar- 
ried la- 
borers 

Mar- 
ried la- 
borers 

All 
labor- 
ers 

New  York 

Dollars 
46.41 
62.33 
42.47 

Dollars 
56.74 
67.25 
49.02 

Dollars 
33.68 
23.83 
30.16 

Dollars 
30.61 
26.64 
35.41 

Dollars 
32.19 
26.68 
32.48 

Dollars 
81.96 
78.17 
72.63 

DoUars 
95.36 

105.66 
91.09 

DoUars 

88.45 

New  Jersey          

96.89 

80.73 

Middle  Atlantic 

44.89 

60.29 

64.07 

31.34 

32.40 

31.84 

76.82 

94.43 

85.20 

Ohio                       --- 

37.65 
38.71 
45.84 
40.98 
46.02 

49.19 
42.03 
51.87 
56.13 
66.72 

44.80 
40.70 
49.33 
48.26 
49.18 

29.07 
28.90 
30.47 
32.90 
28.99 

31.24 
39.12 
37.12 
30.97 
38.32 

29.90 
33.61 
34.06 
31.79 
3a  82 

66.43 
68.62 
76.23 
74.05 
74.92 

79.62 
82.87 
89.45 
86.94 
95.58 

73.58 

76.24 

Illinois               --- 

83.22 

Michigan -- 

79.89 

78.98 

East  North  Central 

42.71 

49.66 

46.44 

29.72 

35.71 

32.37 

72.64 

85.92 

78.60 

Minnesota 

46.28 
49.13 
33.82 
46.68 
49.49 
44.35 
40.41 

65.06 
62.38 
43.07 
61.94 
47.34 
56.22 
61.68 

48.48 
60.56 
39.41 
48.88 
49.29 
48.82 
45.76 

28.81 
30.61 
25.18 
32.13 
29.43 
30. 10 
32.91 

30.29 
36.86 
30.91 
37.40 
44.57 
30.24 
34.11 

29.12 
32.46 
28.16 
32.76 
3a  76 
3a  14 
33.36 

76.83 
80.69 
59.43 
79.61 
79.69 
74.68 
74.10 

82.94 
88.16 
72.93 
101.90 
94.57 
87.10 
83.87 

77.20 

82.89 

Missouri                    -- 

66.40 

North  Dakota 

82.25 

South  Dakota        .  

8a  81 

77.12 

77.60 

West  North  Central 

46.11 

61.01 

47. 41 

30.08 

33.52 

31.16 

76.02 

83.76 

78.21 

30.96 
36.67 
26.08 
29.33 
30.84 
21.80 
21.45 
33.83 

40.29 
63.80 
36.02 
44.70 
36.45 
26.19 
28.41 
52.38 

37.61 
50.13 
32.94 
41.46 
34.22 
24.46 
26.97 
44.96 

25. 39 
22.00 
24.92 
24.88 
19.20 
26.88 
22.66 
27.50 

36.01 
25.63 
28.69 
33.12 
23.58 
23.73 
2C.16 
20.82 

32.27 
26.18 
27.96 
3a  91 
22.79 
24.30 
26.33 
23.06 

68.70 
62.00 
52.19 
61.38 
60.45 
45.77 
44.50 
63.00 

77.83 
78.40 
64.09 
8a  10 
61.66 
47.84 
66.47 
77.82 

7a  47 

Delaware      

7a  76 

Virginia 

61.79 

"West  Virginia 

72.43 

North  Carohna         

67.91 

South  Carohna 

46.86 

Georgia        

61.30 

Florida 

69.66 

South  Atlantic 

26.48 

36.57 

32.78 

23.71 

28.27 

26.97 

50.28 

64.24 

69.78 

Kentucky         -      

28.78 
27.83 
25.47 
26.79 

36.19 
30.96 
30.17 
36.72 

34.45 
30.24 
28.25 
31.46 

26.71 
22.22 
27.94 
25.11 

27.74 
20.08 
22.43 
35.07 

27.36 
2a  67 
24.82 
3a  68 

65.73 
6a  53 
62.71 
61.22 

62.84 
62.13 
48.79 
73.71 

60.66 

Tennessee 

51.69 

6a  6,5 

Mississippi 

63.58 

East  South  Central 

27.36 

33.24 

31.53 

25.26 

24.42 

24.71 

62.69 

57.29 

56.72 

Arkansas  ..    .. 

29.30 
29.94 
32.45 
31.41 

39.91 
33.82 
40.90 
41.07 

35.29 
32.97 
36.73 
37.99 

23.18 
14.70 
30.20 
26.44 

22.16 
21.07 
30.29 
37.02 

22.46 
19.25 
3a  23 
32.92 

63.32 
44.60 
63.82 
59.30 

61.28 
56.20 
7a  14 
78.22 

56.60 

Louisiana 

62.89 

Oklahoma... 

66.68 

Texas          

71.43 

West  South  Central 

31.18 

39.70 

36.06 

26.86 

29.40 

27.63 

68.18 

68.84 

63.47 

62.20 
65.63 
47.41 
44.24 
36.67 

72.25 
74.60 
71.05 
61.21 
47.00 
72.50 
66.67 
67.50 

67.48 
62.20 
51.71 
53.29 
40.11 
72.50 
63.18 
73.76 

39.98 
40.46 
41.63 
31.89 
37.20 

24.76 
31.18 
33.00 
26.86 
0 

36.36 
38.13 
39.71 
29.47 
26.67 

91.75 
96.88 
89.73 
78.96 
72.20 

98.26 
111.42 
104.06 
85.28 
45.60 

93.30 

Idaho                .    . 

loasi 

Wyoming.. 

92.91 

Colorado      .. 

81.99 

New  Mexico 

64.67 

Arizona ' 

Utah     

69.00 
80.00 

30.88 
68.00 

31.00 
61.76 

3a  90 
64.88 

92.12 
148.00 

101.00 
129.25 

93.90 

Nevada 

138.62 

Mountain.  . 

50.31 

66.80 

66.49 

38.  4S 

28.21 

36.13 

89.83 

93.26 

9a  94 

Washington 

SA.  43 
60.41 
67.17 

86.45 
66.84 
92.99 

63.83 
62.02 
84.16 

.S6.61 
34.06 
34.  61 

21.76 
31.82 
31.63 

33.04 
33.64 
32.70 

89.66 
96.  57 
102.11 

113.00 
97.16 
122.95 

95.26 

Oregon 

96.93 

California. 

115.61 

Pacific       

69.93 

88.21 

73.79 

35.17 

3a  09 

33.00 

96.29 

117.99 

104.98 

United  States 

42.29 

49.81 

46.31 

29.87 

3a  93 

3a34 

73.28 

81.30 

7&78 

*  Each  Arizona  report  was  for  a  mturiod  man;  it  indictited  tlie  giving  of  various  perquisitos,  but  did  not 
give  the  values  of  all. 
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The  proportions  of  total  remuneration  given  in  the  various  per- 
quisites is  very  different  for  married  and  unmarried  farm  laborers. 


0 

NEW  ENGLAND 

Married 

Unmarried 

MIDDLE  ATLANTIC 

Married 

Vn  married 

EAST  NORTH   CENTRAL 

Married 

Ur^married 

WEST  NORTH  CENTRAL 

Married 

Unmarried  -  -  -  -  - 

SOUTH  ATLANTIC 

Married 

Unmarried 

EAST  SOUTH  CENTRAL 

Married 

Unmarried 

WEST  SOUTH  CENTRAL 

Married 

Unmarried 

MOUNTAIN 

Married 

Unmarried 

PACIFIC 

Married 

Unmarried  -  -  -  - 

UNITED  STATES 

Married 

Unmarried 


20 


PER  CENT 
<fO  60 


80 


100 
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Figure  4.— percentages  of  Total  Remuneration  of  Noncasual  hired 
Farm  laborers  in  perquisites  and  Wages.  1925 

Board  comprises  most  of  the  perquisite  values  of  umnarried  noncasual  hired  farm  laborers.  The 
married  laborers  commonly  receive  a  greater  variety  of  perquisites,  in  which  shelter  and  foodstuffs 
are  most  important. 

(Table  18  and  fig.  4.)    Board  is  predominantly  the  perquisite  of  the 
unmarried.    It  comprises  over  half,  usually  two-thirds  of  perquisite 
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values,  or  a  quarter  of  the  total  remuneration.    The  average  unmarried 
laborers  get  little  additional  value  or  variety. 

Compared  with  those  of  the  unmarried,  the  perquisites  of  married 
farm  laborers  are  characterized  by  variety  and  smaller  proportionate 
values  of  the  important  perquisite  items  in  the  total  remuneration. 
One  item,  house,  predominates  in  the  Ust;  it  accounts  for  one-fifth 
of   the   married   noncasual   laborers'    perquisite   values.     Board 


is 


insignificant  in  amount  in  most  geographic  divisions;  the  reasons  are 
the  frequency  with  which  unmarried  men  are  boarded  by  their 
employers  and  the  married  men  set  their  own  tables,  but  receive 
food  products  for  it.  On  the  whole,  the  married  laborers  receive  usually 
slightly  less,  sometimes  only  two-thirds  as  large  a  proportion  of  their 
remuneration  as  perquisites  as  do  the  unmarried. 


Table  18. — Percentages  of  total  remuneration  of  unmarried  and  married  noncasv^ 
hired  farm  laborers  formed  by  perquisites  and  by  wages,  by  geographic  divisions, 
1925 

UNMARRIED  LABORERS 


Perquisites 

a 

1 

1'^ 

h 

a 
|0 

11 

l| 

0 
1 

1 

i 

s 

Board  group: 

Board 

P.d. 
26.9 
5.9 

P.d. 

28.6 
7.4 

P.ct. 
27.3 
9.0 

P.ct. 
26.2 
9.1 

P.ct. 

26.3 

6.6 

P.d. 

26.5 

6.0 

p.d. 

26.7 

7.3 

P.d. 

27.  A 
8.4 

P.d. 

26.6 

7.3 

p.d. 
26.8 

Another               

8.3 

Total 

32.8 

36.9 

36.3 

36.3 

32.9 

32.6 

34.0 

35.8 

32.8 

35.1 

Shelter  group: 
House 

.3 
.1 

.2 

0) 

0) 

.2 
.3 

.4 
.3 

.9 
.1 

.4 
.1 

.2 
.2 

.2 

Another... 

0) 

Total 

.4 

.2 

(0 

.5 

.7 

1.0 

.5 

.4 

.2 

Dairy  or  poultry  products: 

.1 
0) 

(') 

.1 
(0 

.4 
.2 

.2 

.1 
.1 

(0 

.1 

Another                   

(1) 

Total 

.1 

C) 

•1 

.6 

.2 

.2 

(') 

.1 

0) 

.1 

i 

.4 
.2 
1.0 
2.0 
1.0 

.1 
.1 
.2 
(0 

2.0 
.7 
3.6 
5.3 
2.2 

.4 
.1 
.2 
.4 
2.3 
.6 
4.3 
4.4 
1.5 

.2 

«, 

Flour  or  meal 

Vegetables  or  fruit 

.2 

.2 

.7 
1.8 
.8 

.1 

.1 

Miscellaneous  foods                       .  .    . 

#) 

Feed  for  laborers*  livestock 

.4 
.1 
1.0 
1.6 
1.3 

1.3 
.6 
2.2 
3.4 
1.3 

1.0 
.3 
1.9 
3.1 

.7 

'.2 
.4 

1.6 
1.1 

'^   7 

Pasture  or  range  for  laborers'  livestock.  . 

Use  of  employers'  horses  or  mules 

Use  of  employers'  tools  or  vehicles 

Miscellaneous             _      .  _  .            .  . 

.6 
1.5 
.3 

.2 
1.2 
2.3 
1.0 

Total  perquisites            .  .  

35.2 

41.0 

>41.0 

39.9 

47.7 

48.0 

44.1 

43.6 

»37.0 

»41.0 

Wages                        

64.8 

59.0 

59.0 

80.1 

52.3 

52.0 

65.9 

66.4 

63.0 

59.0 

Total  remuneration 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

loao 

100.0 

>  Less  than  0.1  per  cent. 

2  The  percentages  given  above  add  to  0.1  per  cent  less  than  this,  but  the  deflciency  is  made  up  by  the  total 
of  the  percentages  of  less  than  0.1  per  cent. 
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Table  18. — Percentages  of  total  remuneration  of  unmarried  and  married  noncasual 
hired  farm  laborers  formed  by  perquisites  and  by  wages,  by  geographic  divisions, 
1925 — Continued 

MARRIED  LABORERS 


Perquisites 

1 

I 

J 

S 

l| 

Is 
f 

< 
eg 

5 
l| 

•go 

5 

a 
1 

eg 

1 

s 

CQ 

Board  group: 

Board     

P.ct. 
2.2 
.2 

P.ct. 
3.6 

.4 

P.ct. 

2.1 

.4 

P.ct. 
4.5 
1.0 

p.ct. 

6.3 

.3 

P.ct. 

4.5 
(0 

p.ct. 

3.3 

.3 

P.ct. 

7.9 
.9 

P.ct. 

3.2 

.6 

P.ct. 
3  8 

Another 

.5 

Total 

2.4 

4.0 

2.5 

5.5 

6.6 

4.5 

3.6 

8.8 

3.8 

4.3 

Shelter  group: 

5.7 
4.0 

8.9 
4.4 

9.5 

2.8 

9.7 
3.1 

8.0 
5.1 

6.7 
3.7 

8.4 
3.5 

7.9 
.9 

8.0 

2.4 

8.5 

Another 

3  6 

Total . 

9.7 

13.3 

12.3 

12.8 

13.1 

10.4 

11.9 

8.8 

10.4 

12  1 

Dairy  or  poultry  products: 

3.3 

.6 

4.2 

.5 

7.6 
1.3 

6.8 
.7 

2.9 
.3 

2.9 
.5 

3.4 

.8 

3.5 
.6 

2.2 
.1 

5  0 

Another. — - 

.7 

Total 1 

3.9 

4.7 

8.9 

7.5 

3.2 

3.4 

4.2 

4.1 

2.3 

5.7 

Meats  or  meat  products 

.2 

.1 

2.0 

.1 

2.1 

1.8 
.4 

.8 

.2 
3.6 

.1 
1.7 

.5 
1.7 
1.7 
1.6 

3.0 
.1 
2.4 
.1 
5.6 
1.6 
2.0 
2.0 
1.0 

1.5 

1\ 

.1 
4.1 
1.8 
1.9 
2.0 
1.1 

1.8 
1.4 
2.2 
.4 
3.1 
3.2 
3.4 
3.7 
1.9 

1.6 
.7 
1.7 
.3 
3.7 
5.3 
4.9 
4.0 
2.0 

.7 
.2 
1.1 
.7 
4.0 
3.5 
5.3 
6.0 
1.4 

.3 

1  6 

.3 

Vegetables  or  fruit 

1.0 
.2 
1.6 
.6 
1.7 
2.0 
1.0 

.4 

'".'9' 
.6 
1.6 
1.4 
4.1 

2.0 

.2 

Feed  for  laborers'  livestock 

Pasture  or  range  for  laborers'  livestock.  . 

Use  of  employers'  horses  or  mules 

Use  of  employers'  tools  or  vehicles 

Miscellaneous . 

3.4 

1.9 
2.5 
2.5 
1.4 

Total  perquisities . 

23.4 

33.9 

41.5 

39.8 

44.0 

42.5 

42.6 

30.0 

25.5 

37.9 

Wages : 

76.6 

66.1 

58.5 

60.2 

56.0 

57.5 

57.4 

70.0 

74.5 

6?1 

Total  remuneration 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

1  Less  than  0.1  per  cent. 

WAGES  AND  PERQUISITES  IN   RELATION   TO  LABORERS'   DEPENDENTS 

No  real  relation  is  shown  between  the  value  of  perquisites  given 
noncasual  farm  laborers  and  the  number  of  their  dependents  by  the 
data  afforded  by  this  study.  Wages,  however,  seemed  to  show  such  a 
relationship  (Table  19)  for  the  country  as  a  whole.  For  all  but  one  of 
the  geographic  divisions,  the  reported  average  wages  of  hired  laborers 
with  one  or  two  dependents  were  distinctly  higher  than  those  of  men 
with  no  dependents.  The  national  averages  showed  that  the  wages 
of  laborers  with  1  dependent  averaged  15  per  cent  higher  than  those  of 
men  having  none;  those  with  2,  3,  or  4  dependents,  20  per  cent  higher; 
those  with  5  dependents,  nearly  30  per  cent  higher. 

Similarly,  the  average  combined  value  of  wages  and  perquisites 
for  the  country  showed  a  slow,  steady  rise  per  number  of  dependents 
up  to  five,  compared  with  the  values  received  by  farm  laborers  who 
had  no  one  to  support.  (Table  19.)  This  rise  is  slower  than  in  the 
case  of  wages.  These  ratios  were  supported  by  the  data  of  all  except 
one  geographic  division. 

Increases  of  wages  are  likely  to  be  given  for  length  of  service  and 
laborer's  experience  and  ability,  rather  than  because  of  the  needs  of 
his  family, 


28 


TECHNICAL  BULLETIN  213,  U.  S.  DEPT.  OF  AGRICULTURE 


Table  19. — Average  monthly  value  of  wages,  of  perquisites,  and  of  perquisites  plus 
wages  of  2,104  noncasual  hired  farm  laborers  by  number  of  their  dependents,  in  the 
United  States,  1925 


Number  of  labor- 
ers' dependents 

Laborers 

Wages 

Perquisites 

Perquisites 
and  wages 

Relative  wages  received  by  other  la- 
borers compared  with  those  having 
no  dependents.    (Wages  of  group 
having  no  dependents=  100.0) 

Wages 

Perquisites 

Wages  and 
perquisites 

None       -  

Number 

1,059 

225 

255 

230 

158 

96 

38 

28 

9 

6 

Dollars 
40.86 
46.97 
49.47 
49.18 
48.89 
52.76 
60.11 
60.72 
46.89 
54.92 

Dollars 
30.30 
28.58 
29.09 
30.67 
31.03 
32.79 
30.97 
30.68 
28.98 
36.78 

Dollars 
71.16 
76.56 
78.66 
79.75 
79.92 
85.54 
81.08 
91.40 
75.87 
91.70 

100.0 
115.0 
121.1 
120.4 
119.7 
129.1 
122.6 
148.6 
114.8 
134.4 

100.0 
94.3 
96.0 
100.9 
102.4 
108.2 
102.2 
101.3 
95.6 
121.4 

100.0 

1 

106.2 

2 ._ 

110.4 

3              

112.1 

4 

112.3 

6 

120.2 

6 

113.9 

7 

128.4 

8           

106.6 

9 

128.9 

WAGES  AND  PERQUISITES  IN  RELATION  TO  LENGTH  OF  LABORERS'  EMPLOYMENT 

The  practice  of  paying  increased  wages  to  employees  of  longer 
service,  of  longer  experience,  and  of  presumably  higher  skill  is  sup- 


per CENT 
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FIGURE  5.— REMUNERATION:  PER      CENT   GIVEN    IN   PERQUISITES      TO      NON- 
CASUAL    HIRED    FARM    LABORERS 

Noncasual  hired  farm  laborers  who  are  boarded  get  decidedly  more  of  their  total  remuneration  in 
form  of  perquisites  than  do  those  not  boarded. 

posed  to  be  more  or  less  in  use  in  industries;  in  fact,  it  is  often 
recognized  in  the  use  of  sliding  wage  scales  based  on  these  factors. 
Correlation  of  the  total  values  of  perquisites  plus  wages  with  total 
length  of  noncasual  farm  laborers  employment  on  the  same  farm 
showed  considerable  variation  in  results  by  geographic  divisions. 
In  the  North  Central  States  there  appears  to  be  a  gradual  rise  of  total 
compensation  for  the  first  three  or  four  years  of  service.  The  South 
Central  States'  reports  show  little  of  such  tendency.  Reports  from 
the  country  as  a  whole  showed  that  most  of  such  benefit  was  received 
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within  a  year  and  a  half  after  beginning  work,  although  some  came 
later.  The  practice  of  giving  laborers  higher  wages  for  longer  service 
and  higher  skill  seems  to  be  of  rather  limited  application  in  the 
agriculture  of  this  country. 


WAGES  AND  PERQUISITES  IN  RELATION  TO  GIVING  OR  WITHHOLDING  OF  BOARD 

The  relative  values  of  perquisites  to  total  remuneration  of  the  non- 
casual  farm  laborers  for  men  boarded  by  their  employers  and  those 
not  thus  boarded  are  brought  out  in  Table  20  and  Figure  5. 


Table  20. — Average  monthly  farm  values  of  board;  of  board,  room,  and  washing; 
of  total  perquisites;  and  of  perquisites  plus  wages,  for  noncasual  hired  farm 
laborers  boarded  and  not  boarded,  by  States,  1925 


Average  monthly  farm  values  for  noncasual  farm  laborers 

State  and  geo- 

Boarded 

Not  boarded 

graphic  division 

Cases 

Board 

Board, 

room, 

and 

washing 

Total 
perqui- 
sites 

Wages 

Perqui- 
sites 
plus 

wages 

Cases 

Total 
perqui- 
sites 

Wages 

Perqui- 
sites 
plus 

wages 

Number 
11 
7 
7 
4 
1 
5 

Dollars 
23.14 
28.39 
22.86 
26.00 
23.00 
25.60 

Dollars 
26.32 
33.21 
29.14 
3i.25 
32.00 
32.40 

Dollars 
28.99 
38.79 
33.28 
34.75 
35.20 
33.40 

Dollars 
44.91 
45.28 
48.86 
49.63 
60.00 
40.20 

Dollars 
73.90 
84.07 
82.14 
84.38 
95.20 
73.60 

Number 
11 
12 
5 

22 
2 
10 

Dollars 
22.24 
23.14 
33.49 
12.67 
27.62 
16.56 

Dollars 
65.88 
73.96 
58.84 
83.31 
96.00 
80.60 

Dollars 

88.12 

New  Hampshire 

Vermont 

97.10 
92  33 

Massachusetts 

Rhode  Island 

95.98 
123.62 
97.16 

New  England 

35 

24.81 

30.20 

33.28 

46.07 

79.35 

62 

19.18 

76.41 

95.59 

New  York 

48 
4 
61 

25.90 
27.50 
23.08 

31.96 
32.50 

28.77 

37.18 
35.  75 
35.06 

47.79 
48.75 
41.22 

84.97 
84.50 
76.28 

44 
12 
48 

25.55 
22.23 
28.76 

65.63 
80.03 
67.26 

91  18 

New  Jersey .- 

Pennsylvania. 

102.  26 
86.02 

Middle  Atlantic- 

113 

24.43 

30.26 

35.98 

44.28 

80.26 

104 

26.65 

63.43 

90.08 

North  Atlantic  i_. 

148 

^.52 

30.24 

35.34 

44.70 

80.04 

166 

23.86 

68.27 

92.13 

Ohio      — — -- 

45 
60 
78 
23 
69 

20.44 
19.87 
21.26 
21.69 
22.45 

26.13 
26.11 
28.05 
30.03 

29.64 

31.74 
30.11 
34.03 
35.30 
35.71 

39.32 
39.66 
47.04 
41.69 
46.20 

71.06 
69.77 
81.07 
76.99 
81.91 

61 
61 
83 
23 
24 

28.28 
37.41 
34.03 
28.79 
17.00 

47.52 
43.78 
61.24 

64.87 
64.17 

75.80 

Indiana 

81. 19 

Illinois 

85  27 

Alichigan 

83.66 

Wisconsin. 

71.17 

E.N.  Central 

275 

21.16 

27.88 

33.33 

13.51 

76.84 

232 

31.23 

49.44 

80.67 

64 
118 
41 
60 
27 
65 
62 

20.41 
22.45 
19.09 
21.31 
21.15 
20.64 
22.18 

27.60 
29.80 
22.22 
29.18 
28.74 
28.22 
30.72 

31.81 
33.09 
28.02 
35.36 
34.29 
33.18 
35.12 

46.93 
49.69 
35.50 
48.02 
50.00 
44.66 
41.99 

78.74 
82.78 
63.52 
83.38 
84.29 
77.74 
77.11 

18 
64 
37 
9 
4 
16 
23 

18.91 
31.36 
28.88 
18.31 
10.92 
19.68 
29.64 

61.78 
52.17 
41.90 
57.67 
45.42 
56.31 
48.78 

70.69 

Iowa 

83.53 

70.78 

North  Dakota 

South  Dakota.. 

75.98 
66.34 
74.99 

Kansas 

78.32 

W.  N.  Central.... 

407 

21.29 

28.45 

33.01 

46.96 

78.97 

161 

26.74 

49.73 

76.47 

15 
3 

26 
8 
15 
14 
24 
2 

20.87 
16.00 
15.02 
15.00 
14.40 
13.61 
13.59 
19.00 

26.45 
18.33 
17.51 
18.88 
16.47 
15.  36 
15.35 
22.50 

38.88 
30.60 
29.67 
36.76 
29.01 
31.  58 
26.49 
31.00 

33.00 
43.33 
30.08 
32.63 
28.36 
20.64 
20.77 
25.00 

71.88 
73.83 
69.76 
69.39 
57.37 
62.22 
47.26 
56.00 

17 

7 
31 

7 
17 
16 
28 

3 

26.45 
22.91 
26.63 
24.22 
17.30 
17.51 
26.20 
15.44 

42.78 
55.11 
36.97 
51.69 
41.09 
24.33 
28.67 
67.67 

69.23 

Delaware 

78.02 

Virginia .-.. 

63.60 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia     .  . 

75.91 
68.39 
41.84 
64.77 

Florida 

83.  11 

South  Atlantic 

107 

15.35 

18.  07 

30.99 

27.39 

58.38 

125 

23.51 

37.50 

61.01 

Kentucky 

20 
19 
15 
10 

16.08 
13.08 
15.27 
14.  65 

18.48 
15.64 
18.37 
16.55 

26.50 
23.98 
30.81 
35.62 

32.06 
26.50 
23.84 
28.56 

58.66 
50.48 
64.66 
64.07 

23 
39 
11 
9 

28.08 
19.05 
10.  66 
26.27 

34.22 
33.23 
28.54 
39.39 

62  30 

Tennessee .  .     . 

52.28 

46.20 

Mississippi 

65  66 

E.  S.  Central 

64 

14.78 

17.31 

28.18 

27.93 

56.11 

82 

22.06 

33.56 

55.61 

The  North  Atlantic  States  comprise  those  of  New  England  and  the  Middle  Atlantic  States. 
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Table  20. — Average  monthly  farm  values  of  board;  of  board,  room,  and  washing; 
of  total  perquisites;  and  of  perquisites  plus  wages,  J  or  noncasual  hired  farm 
laborers  boarded  and  not  boarded,  by  States,  1925 — Continued 


Average  monthly  farm  values  for  noncasual  farm  laborers 

state  and  geo- 
graphic division 

Boarded 

Not  boarded 

Cases 

Board 

Board, 

room, 

and 

washing 

Total 
perqui- 
sites 

Wages 

Perqui- 
sites 
plus 

wages 

Cases 

Total 
perqui- 
sites 

Wages 

Perqui- 
sites 
plus 

wages 

Arkansas 

Number 

20 

2 

24 

16 

Dollars 
13.74 
20.00 
19.00 
19.63 

Dollars 
17.66 
23.00 
24.48 
23.23 

Dollars 
23.23 
24.50 
30.69 
34.34 

Dollars 
30.20 
21.60 
33.42 
33.80 

Dollars 
53.43 
46.00 
64.01 
68.14 

Number 
15 
12 
9 
24 

Dollars 
21.63 
18.38 
28.27 
32.03 

Dollars 
40.00 
35.66 
41.50 
41.46 

Dollars 
61.63 
64.04 
69.77 
73.49 

Louisiana 

Oklahoma 

Texas 

W.S.  Central 

61 

17.47 

21.89 

28.90 

32.07 

60.97 

60 

26.14 

39.94 

66.08 

South  Central 

126 

16.09 

19.54 

28.53 

29.95 

58.48 

142 

23.78 

36.25 

60.03 

Montana 

17 
11 
8 
13 
5 
0 
3 
3 

26.47 
27.68 
25.75 
23.19 
24.00 

34.22 
35.86 
33.06 
28.08 
33.00 

40.10 
41.41 
41.06 
33.11 
37.20 

53.73 
66.64 
50.47 
44.86 
36.00 

93.83 
97.05 
91.63 
77.96 
72.20 

3 
4 

1 
12 
2 
0 
2 
0 

16.26 
31.16 
28.90 
25.01 
0 

77.50 
80.25 
76.00 
62.29 
45.50 

93.76 
111  41 

Idaho 

Wyoming 

103.90 
87.30 
45.50 

Colorado 

New  Mexico 

Arizona 

Utah 

28.33 
37.00 

40.60 
42.00 

41.17 
76.60 

58.33 
66.00 

99.60 
141.60 

15.60 

70.00 

85.50 

Nevada 

Mountain 

60 

26.30 

33.61 

40.59 

50.95 

91.64 

24 

22.22 

66.96 

89.18 

Washington    ... 

19 
17 
15 

26.16 
23.74 
30.40 

32.42 
32.16 
38.10 

35.37 
38.68 
65.34 

54.37 
58.58 
62.89 

89.74 
97.26 
118.23 

6 

5 

27 

24.79 
16.09 
20.12 

91.50 
75.33 
93.87 

116.  29 

Oregon 

91.42 
113.99 

Pacific 

61 

26.60 

34.01 

42.34 

68.28 

100.62 

37 

20.21 

91.05 

111.28 

Far  Western  ' 

111 

26.44 

33.81 

41.39 

54.32 

96.71 

61 

21.00 

81.67 

102.57 

United  States 

1,173 

21.06 

27.15 

33.51 

42.62 

76.13 

887 

26.05 

61.44 

77.49 

» The  Far  Western  States  comprise  those  of  the  Mountain  and  Pacific  States. 

For  the  men  boarded,  the  value  of  board  alone  was  usually  reported 
as  fully  three-quarters  that  of  the  board  group,  which  includes  board, 
room,  and  washing.  The  board  group  itself  has  a  widely  variable 
relationship,  by  geographic  divisions,  to  the  total  value  of  perquisites 
of  the  men  receiving  board.  As  a  whole  it  forms  four-fifths  of  the 
value  of  perquisites  given. 

The  proportion  of  total  remuneration  given  in  perquisites  rims 
decidedly  higher  for  the  boarded  farm .  laborers  than  for  those  not 
boarded.  The  former  group  received  from  two-fifths  to  half  their 
payment  in  perquisites,  averaging  about  four-ninths.  The  South- 
eastern States  gave  half  the  laborer's  remuneration  as  perquisites — the 
highest  proportions  reported. 

Farm  laborers  who  were  not  boarded  received  from  about  one-fifth 
to  two-fifths  of  their  compensation  in  perquisites,  averaging  one-third. 

The  Department  of  Agriculture  has  gathered  farm-wage  data  for 
years,  but  has  taken  into  consideration  no  perquisites  except  board. 
The  Division  of  Crop  and  Livestock  Estimates  collects  wage  data 
at  quarterly  intervals  at  present.  The  published  data  give  farm 
wage  rates  as  ordinarily  discussed,  that  is,  cash  rates  per  month  or 
per  day,  with  or  without  board. 
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The  wage  rates  for  farm  laborers  per  month  with  and  without  board, 
as  reported  in  this  study,  are  given  in  Table  20.  Corresponding  data 
for  the  year  1925  have  been  calculated  from  the  published  quarterly 
reports  of  the  department.  (Table  21.)  Comparison  of  the  two 
sets  of  data  as  to  wages  alone  shows  variations  between  them  which 
are  explained  by  necessary  differences  in  methods  and  results  of  pro- 
curing the  two  sets  of  data.  The  data  of  this  study  are  not  to  be 
considered  as  replacing  those  of  the  Division  of  Crop  and  Livestock 
Estimates  but  as  supplementing  them,  in  the  effort  to  find  what 
relative  parts  wages  and  perquisites  play  in  the  total  remuneration 
of  farm  laborers. 

Table  21. — Average  wages  *  paid  to  hired  farm  laborers  per  month,  with  and  without 
board,  by  geographic  divisions,  1925 


Geographic  division 

Average  monthly 
wages 

Geographic  division 

Average  monthly 
wages 

With 
board 

Without 
board 

With 
board 

Without 
board 

North  Atlantic 

Dollars 
45.53 
40.24 
40.39 
26.16 

Dollars 
66.86 
54.74 
53  73 
37.02 

South  Central 

Dollars 
25.76 
51.89 

Dollars 
36.60 

East  North  Central 

Far  Western 

73.91 

■WTpcf  TsTnrth  Cftntral 

United  States 

South  Atlantic.--  

34.59 

48.46 

1  Weighted  averages  of  the  quarterly  reports  for  April,  July,  and  October,  1925,  and  January,  1926,  issued 
by  the  Division  of  Crop  and  Livestock  Estimates. 

There  has  been  some  doubt  as  to  just  what  farmers  considered 
to  be  included  under  ''board"  when  reporting  wage  rates  to  the 
Division  of  Crop  and  Livestock  Estimates.  In  some  localities  board 
is  often  understood  to  include  not  only  table  board  but  also  lodging 
and  even  some  laundry  work  for  the  farm  laborer.  The  wage  data 
issued  by  the  Division  of  Crop  and  Livestock  Estimates  shows  a  dif- 
ference of  S13.87  per  month  between  wage  rates  with  and  without 
board  in  1925.  (Table  21.)  This  difference  probably  closely  repre- 
sents the  value  of  table  board  alone.  It  is  28.6  per  cent  of  the  re- 
ported average  wage  rate  without  board,  and  corresponds  closely 
to  the  percentage  (27.7)  which  the  value  of  board  ($21.07)  forms  of  the 
total  remuneration  of  boarded  laborers  ($76.13)  as  reported  in  this 
study. 

WAGES   AND   PERQUISITES  IN  RELATION   TO   NONAGRICULTURAL   WAGES 

As  farmers  must  compete  with  employers  in  other  industries  for 
labor,  they  must  pay  wages  which  roughly  correspond,  especially 
if  they  are  located  in  the  vicinity  of  industrial  districts.  Both 
farmers  and  laborers  are  accustomed  to  compare  city  wages  with 
farm  wages,  usually  to  the  disadvantage  of  the  latter.  The  compari- 
sons are  likely  to  be  made  with  little  consideration  of  such  factors 
as  the  farm  value  of  perquisites  and  the  city  costs  of  their  equival- 
lents;  the  purchasing  power  of  the  dollar  in^city  and  country;  in  short, 
real  wages  on  and  off  the  farms.  Other  factors  of  importance  that 
are  often  overlooked  are  the  periods  of  unemployment  or  partial 
employment  to  be  expected  in  many  industries,  and  the  training  and 
skill  required  in  many  trades.     These  factors  can  be  merely    men- 
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tioned  here  in  comparing  farm  wage  rates  with  certain  other  wage 
rates. 

Because  farm  laborers  are  commonly  classed  with  the  unskiQed 
or  common  laborers  of  other  industries  in  discussing  ability  and  wage 
rates,  farm  wage  rates  are  here  compared  with  those  of  common 
laborers. 

Nonagricultural  wage  payments  are  practically  always  quoted  as 
cash;  remuneration  for  such  employment  usually  carries  no  perqui- 
sites. 

Representative  industrial  wage  rates  are  given  in  Table  22.  The 
farm  wage  rates,  without  board,  reported  by  the  Division  of  Crop  and 
Livestock  Estimates  are,  in  each  geographic  division,  decidedly  lower 
than  those  for  common  labor.  The  same  is  true,  except  for  the 
Pacific  States,  of  the  cash-wage  rates  reported  in  this  study.  Such 
comparisons  are  the  usual  ones  which  do  not  take  into  consideration 
the  perquisites  of  farm  laborers.  But  if  one  includes  with  the  wages 
of  farm  laborers  the  perquisite  values  reported  in  this  study,  the  re- 
muneration of  unboarded  farm  laborers  in  1925  was,  on  the  whole, 
slightly  higher  than  that  for  common  laborers.  It  was  lower  only 
in  the  East  North  Central  and  South  Atlantic  States. 


Table  22. — Average  monthly  full-time  earnings  of  adult  male  laborers  in  certain 
industries  calculated  from  data  published  by  the  United  States  Bureau  of  Labor 
Statistics 


Industry- 

Class  of  labor 

Date  of 
inquiry 

Geographic  division 

Full-time 
monthly 
earnings! 

Lumber  manufacturing 

Common... 

1926 

United  States. 

Dollars 
74  04 

Slaughtering  and  meat  pack- 
ing, all  departments. 

Woolen    and    worsted    goods 
manufacturing. 

Machine  shops 

Paper  box-board  manufactur- 
ing. 

Foundries 

Motor  vehicle  manufacturing... 

Bituminous  coal  mining 

Do                    

do. 

do 

.....do. 

do. 

do 

do 

Inside. 

1926 

1926 

1926 

1926 

1925 

1926 

1926 

1926 

1924 

1924.. 

1924 

May,  1926. 

do 

do. 

do. 

do 

do 

do 

do 

do 

do 

do..  . 

88.96 

91.68 

96.12 
99.16 

106.21 
119.71 
>94  92 

Outside 

»98.26 

Anthracite  coal  mining 

Inside 

*  122. 58 

Do 

Outside 

*  122. 71 

Metalliferous  mines 

Underground 

91.83 

Railroads 

Track   and   roadway 

section. 
Extra  gang  and  work 

train. 
Common    (in   shops, 
enginehouses,power 
plants,  and  stores). 

Entering,  common 

do 

do 

do 

do 

do 

do 

do 

do 

do 

172.56 

Do. - 

do 

—..do. 

Jan.  1, 1926.. 

do 

do 

do. 

do. 

do 

do. 

do 

do 

.     do.... 

do 

do 

do 

New  England 

»76.23 

Do 

»79.82 

12  selected  industries  ' 

♦  76. 21 

Do 

*82.22 

Do 

Do. 

go. 

Do. 

Do 

Do 

Do 

Middle  Atlantic 

East  North  Central... 
West  North  Central... 

South  Atlantic 

East  South  Central... 
West  South  Central... 
Mountain 

«80.76 
*86.31 
*74.70 
«84.08 
M9.86 
♦66.12 
♦76.40 

Do 

Pacific 

♦86.45 

1  Based  on  26  working  days  per  month. 

'  Actual  earnings. 

3  The  industries  included  were:  Automobile;  brick,  tile,  and  terra  cotta;  cement;  electrical  machinery, 
apparatus,  and  supplies;  foundry  and  machine  shop  products;  iron  and  steel;  leather;  lumber  (saw  mills); 
pajwr  and  pulp;  potroloum  refining;  slaughtering  and  mejit  packing;  public  utilities  (including  street  rail- 
ways, g!is  works,  and  electric  power  and  light  plants). 

«  Based  on  46.6  working  hours  per  week,  the  average  full-time  week  of  a  group  of  important  industries. 


PERQUISITES  AND.  WAGES  OF  HIRED  FARM  LABORERS 


33 


WAGES  AND  PERQUISITES  IN  RELATION  TO  CITY  FAMILY  USAGES  AND  EXPENSES 

Comparative  data  are  not  available  for  all  farm  perquisites  con- 
sidered, but  Table  23  gives  some  interesting  comparisons  of  the  farm 
and  city  values  of  certain  of  them,  and  the  average  city  purchases 
and  expenses  for  such  commodities  and  services. 


Table  23. — Average  value  and  quantity  of  certain  perquisites  given  to  noncasual 
hired  farm  laborers  compared  with  average  consumption  and  cost  of  similar  com- 
modities and  services  to  city  consumers 


Item 

Unit 

Average  monthly  consump- 
tion by  farm  laborers,  when 
received  as  perquisites 

Average     monthly 
consumption   by 
city  families  using 
the  item 

Quantity 
received 

Farm 
value 

Value  at 

city 
prices  i 

Quan- 
tity 2 

Costs 

Board-. 

Number 

Dollars 

20.88 

6.17 

2.88 

Dollars 

Number 

Dollars 

*  37  50 

Room " 

4  15  00 

Washing 

<3  85 

Board,  room,  and  washing. 

«  26.  65 

<  8  56. 15 

House 

9.44 
4.38 
3.72 
4.67 
1.84 

6  7  9.  42 

Wood 

Cord 

1.13 

.54 

8.00 

24.38 

?  8 10. 34 
9  4.82 
10  4. 30 
(») 

Coal 

Ton 

Gas 

Thou,sa,nd  cubic  feet 

Kilowatt-hour 

Electricity 

Total  for  fuel  and  light 

7  4  91 

Total  for  house  and  fuel  . 

5  12. 12 

Quart 

Milk 

118.  20 

7.45 

8.15 

3.97 

28.65 

8.19 

12.52 

45.99 

47.82 

1.81 

1.28 

8.64 
2.94 
2.34 
3.31 
4.33 
1.40 
1.71 
2.35 
1.28 
2.73 
1.31 

16.55 
4.08 
4.25 

12  5.81 

»  10.  49 

1.91 

16  1.  73 
2.81 
2.58 
3.91 

30.0 
6.5 
5.1 
13  2.4 
3.2 
4.8 
5.2 

22.3 

6.8 

1.0 

.4 

4  20 

Butter 

Pound. . 

3.56 

Eggs -  -  -. 

Dozen 

2  66 

Chickens 

Fowl 

13  3. 51 

Pork,  ham,  and  bacon    .  . 

Pound. 

i«  1  17 

Lard 

Beef 

Flour 

Meal 

Potatoes 

-"i"do. ..."..—. "  " ::.: 
-""do""!""'"--'"": 

Bushel-      -    -- 

1.12 

".72 

1.36 

.37 

i«  2. 14 

Apples 

dn 

1  Calculated,  except  as  otherwise  noted,  from  average  retail  prices  in  the  United  States,  1925,  in  Retail 
Prices,  1890  to  1925,  U.  S.  Dept.  Labor,  Bur.  Labor  Statistics  Bui.  418. 

2  Calculated  from  Cost  of  Living  in  the  United  States,  U.  S.  Dept.  Labor,  Bur.  Labor  Statistics,  Bui.  357. 

3  Calculated,  except  as  otherwise  noted,  from  U.  S.  Dept.  Labor,  Bur.  Labor  Statistics,  Buls.  357  and 
418.    Families  of  all  income  groups  are  included  unless  otherwise  noted. 

*  Minimum  cost  for  fair  standard  of  living  for  single  male  industrial  workers,  New  York  City,  1926. 
Calculated  from  Cost  of  Living  in  New  York  City,  1926,  National  Industrial  Conference  Board,  p.  89. 

fi  The  average  total  value  for  farm  laborers  receiving,  or  expense  for  city  persons  paying  for,  one  or  more 
of  the  items  specified. 

6  For  4.2  rooms. 

7  For  families  having  incomes  of  less  than  $75  per  month. 

8  Calculated  at  average  price  of  average  city  purchase;  data  obtained  from  U.  S.  Dept.  Labor,  Bur.  La- 
bor Statistics,  Bui.  357,  p.  391. 

9  Calculated  from  average  prices  of  bituminous  coal,  January  and  July,  1925.  U.  S.  Dept.  Labor,  Bur. 
Labor  Statistics,  Bui.  418,  p.  202.  Similarly,  the  cost  of  Pennsylvania  White  Ash  anthracite  stove  size 
would  be  $8.26;  chestnut  size,  $8.18. 

10  Natural  gas,  at  Cleveland,  Ohio,  $4.30;  at  Columbus,  Ohio,  $4.40;  at  Pittsburgh,  Pa.,  $4.80. 

"  Average  farm  value  is  7.5  cents  per  kilowatt  hour,  which  is  less  than  the  average  rate  in  many  cities. 
The  writer  found  no  available  average  rate  for  the  United  States  for  1925. 

12  For  4-pound  hens. 

13  Hens. 

"  As  pork  chops,  $10.49;  as  bacon,  $13.38;  as  ham,  $15.07. 

"  As  pork  chops,  $1.17;  as  bacon,  $1.49;  as  ham,  $1.78. 

16  As  plate  beef,  $1.73;  as  chuck  roast,  $2.70;  as  rib  roast,  $3.71;  as  round  steak,  $4.34;  as  sirloin  steak,  $5.08. 

"  As  plate  beef,  $0.72;  as  chuck  roast,  $1.12;  as  rib  roast,  $1.55;  as  round  steak,  $1.81;  as  sirloin  steak,  $2.12. 

1*  For  60-pound  bushel. 
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Inasmuch  as  board,  room,  and  washing  are  usually  given  only  to 
unmarried  farm  laborers,  the  data  for  those  items  are  compared  with 
the  cost  of  similar  accommodations  for  single  industrial  laborers. 
Both  classes  of  laborers  perform  physical  work,  and  probably  accept 
plainer  accommodations  than  do  salaried  workers. 

The  rental  value  of  the  farm  tenant  house  and  the  values  of  fuels 
are  compared  with  the  expenses  of  city  families  who  have  monthly 
incomes  of  less  than  $75.  The  families  of  this  group  have  incomes 
nearest  those  of  the  farm  laborers  reported  in  this  study.  Their 
house  rent  costs  appear  low.  Their  dwellings  probably  afforded  only 
minimum  accommodations  and  conveniences  considered  in  relation 
to  American  standards  of  living  and  decency.  Many  farm  tenant 
houses  are  no  better. 

The  remainder  of  the  farm  perquisite  quantities  and  values  are 
compared  with  the  consumption  and  expense  of  city  families  without 
regard  to  income.  The  reported  farm  values  are  Compared  with  city 
v^ues  of  same  quantities  of  commodities  as  determined  from  retail 
price  quotations.  The  city  family  average  consumption  and  ex- 
pense are  compared  with  the  farm  allowances  and  values. 

The  unit  values  of  all  the  farm  laborers'  perquisites,  except  gas, 
were  found  to  be  decidedly  lower  on  the  farm  than  in  the  city  for 
corresponding  commodities  or  services.  This  means  higher  expenses 
to  the  city  families  than  are  chargeable  against  the  fami  laborers, 
which  would  tend  to  reduce  city  purchase  and  consumption.  This 
appears  to  be  the  case,  because  the  average  quantities  of  commodities 
purchased  by  the  city  families,  for  which  comparative  data  are  ob- 
tainable, were  found  in  most  cases  to  be  smaller  than  the  farm  allow- 
ances of  the  same  things  as  perquisites. 

The  costs  to  the  farm  operator  of  giving  many  perquisites  are 
actually  considerably  less  than  the  farm  values  of  the  perquisites, 
and  even  less  in  comparison  with  their  values  to  the  farm  laborers. 
For  instance,  the  firewood  furnished  may  be  dead  wood  that  the  farm 
laborer  himself  cuts  from  the  farm  wood  lot.  Chickens,  pies,  cows, 
or  horses  may  pick  up  much  of  their  living  from  what  would  other- 
wise go  to  waste  or  be  idle  fields.  The  vegetables  and  fruit  may  be 
unmarketable  because  of  slight  blemish  or  inferior  size,  yet  they  may 
be  acceptable  for  farm  home  use.  The  farmer  is  seldom  put  to  any 
inconvenience  or  cost  in  giving  garden  or  garage  space  to  the  hired 
laborer,  or  in  allowing  him  to  use  his  farm  horses,  tools,  or  vehicles. 

From  these  examples,  it  is  fairlv  clear  that  the  farm  laborer's  per- 
quisites with  an  average  farm  value  of  about  $30  per  month  would 
probably  cost  twice  as  much  if  he  had  to  pay  for  them  at  city  rates. 
Such  expenses  would  force  him  to  curtail  the  family  use  of  those 
commodities.  In  addition,  city  living  conditions  would  afford  little 
chance  to  replace,  even  for  pay,  some  farm  perquisites  such  as  garden 
space,  chance  to  keep  livestock,  or  to  receive  the  mUk,  meats,  fruits, 
and  vegetables,  and  other  farm  products  which  so  many  farm  labor- 
ers are  given.  The  laborer's  family  woidd  have  to  go  without  or 
Eay  for  these  and  other  farm  privileges  which  are  difficult  to  evaluate, 
ut  which  would  be  much  missed  by  a  family  accustomed  to  them. 
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PERQUISITES    AND    WAGES    OF    CASUAL    HIRED    FARM    LABORERS 

INTRODUCTORY   CONSIDERATIONS 

Thousands  of  casual  farm  laborers  are  hired  on  farms  in  the 
United  States  for  hundreds  of  rush  jobs  for  which  the  usual  farm- 
labor  forces  are  insufficient.  Most  of  these  rush  jobs  are  harvesting 
and  closely  related  operations.  The  casual  laborers  are  consequently 
a  vital  part  of  the  agricultural  labor  supply.  Yet,  important  as  they 
are,  farmers  in  many  parts  of  the  country  know  comparatively  little 
about  them:  Whence  they  come;  whither  they  go;  what  cycles  of  em- 
ployment, of  unemployment,  and  search  for  work  they  pass  through 
in  a  year;  their  earnings;  and  their  hopes  and  aims  in  relation  to 
agriculture.  They  are  on  the  farm  this  week,  and  gone  next  week. 
The  average  farmer  has  little  interest  in  them  except  to  procure  their 
help  to  rush  his  work  and  then  to  discharge  them. 

To  supplement  information  concerning  the  wages  and  perquisites 
of  noncasual  farm  laborers,  an  inquiry  was  made  in  November,  1926, 
concerning  those  of  casual  farm  laborers  in  that  year.  As  in  the  former 
inquiry,  a  questionnaire  was  sent  to  all  parts  of  the  country.  (Ap- 
pendix B.) 

There  were  some  important  differences  in  the  information  sought 
in  this  inquiry  compared  with  the  one  concerning  noncasual  farm 
laborers.  Because  casual  labor  is  so  often  employed  for  specific 
work,  this  questionnaire  asked  the  nature  of  the  work  for  which  each 
correspondent  hired  the  casual  laborer  upon  whose  wages  and  per- 
quisites he  reported;  the  average  duration  of  such  employment,  both 
on  a  single  farm  and  in  the  vicinity;  usual  way  of  reckoning  money 
wages  and  the  wage  rates ;  average  cash  earnings  per  day ;  the  general 
nature  and  farm  value  of  payments  in  kind  (rather  than  in  the  detail 
of  the  earlier  inquiry  concerning  noncasual  laborers);  whether  the 
worker  was  from  a  local  or  more  distant  point. 

Data  were  collected  concerning  over  200  single  jobs  or  closely 
related  groups  of  farm  jobs.  The  fact  that  most  of  the  jobs  were  of 
short  average  length  necessitated  tabulation  of  the  data  on  the  daily 
basis  rather  than  on  the  monthly  basis  as  in  the  study  of  noncasual 
laborers. 

The  correspondents  were  requested  to  report  concerning  a  laborer 
capable  of  doing  an  adult's  work.  This  excluded  juvenile  workers, 
and  probably  many  women.  Women  and  children  frequently  do 
nearly  or  quite  as  much  work  as  a  man  engaged  in  the  same  work, 
but  often  do  not  get  so  high  wages.  To  include  them  would  probably 
lower  slightly  the  average  rates  of  earnings  as  reported  in  this  study 
especially  in  truck-crop  and  fruit-harvest  work. 

Farmers  in  the  United  States  hire  casual  laborers  for  a  wide  variety 
of  rush  work  when  their  usual  labor  forces  are  insuflTicient  to  perform 
operations  as  quicldy  as  necessary.  Crop  progress,  weather  condi- 
tions, working  methods,  character,  and  number  of  laborers — all  are 
factors  that  help  a  farmer  to  decide  what  farm  operations  are  rush 
jobs  requiring  casual  laborers.  Some  fruits  must  be  picked  within  a 
day  or  two  if  they  are  to  reach  market  in  proper  condition.  Weather 
conditions  in  some  areas  allow  wheat  to  stand  until  it  may  be  cut  and 
threshed  by  the  combine-harvester;  in  other  areas  the  crop  must  be 
cut  by  a  binder,  and  shocked,  and  then  threshed  after  curing  in  the 
shock.  Tobacco  seedlings  must  be  transplanted  from  seed  bed  to 
field  by  hand  in  some  districts;  in  others  the  terrain,  soil,  short  season, 
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and  costly  labor  supply  allow  and  compel  the  use  of  transplanting 
ntiachines.  Some  laborers  are  considered  as  unsuited  in  age  and 
intelligence  to  care  for  and  work  with  livestock  and  machinery,  but 
as  better  fitted  for  certain  types  of  manual  labor. 

Casual  farm  laborers  begin  their  work  in  a  small  way  at  the  very 
beginning  of  the  crop  season.  Pruning  and  spraying  fruit  trees, 
plowing  for  and  planting  wheat,  and  transplanting  seedlings  require 
considerable  extra  help  on  some  farms.  Growing  crops  deniand  in- 
creased labor  forces  at  various  stages.  Cotton  must  be  chopped, 
sugar  beets  need  extra  labor  for  blocking  and  thinning,  and  truck 
and  market-garden  crops  need  transplanting  and  weeding. 

Most  of  the  great  variety  of  work  done  by  casual  farm  laborers  is 
harvest  work.  It  occurs  over  all  parts  of  the  country.  The  cotton 
and  grain  crops  are  conspicuous  among  those  requiring  large  harvest 
forces.  Truck  and  fruit  crops  require  many  people  for  picking  and 
other  marketing  preparations.  Some  winter  casual  labor  is  needed 
in  the  North  at  the  time  of  ice  cutting. 

Prominent  among  the  crops  reported  as  requiring  rush  workers  are 
the  grain  crops  such  as  corn  at  picking  and  husking  time,  and  wheat 
at  cutting  and  threshing  time.  Among  field  crops,  potatoes  must  be 
dug,  cotton  picked,  and  tobacco  cut  or  primed.  The  succession  of 
truck-crop  harvests  calls  for  much  handwork  in  picking,  cutting, 
pulling,  cleaning,  bunching,  grading,  and  packing.  Apples,  oranges, 
and  strawberries  must  be  picked,  graded,  and  packed.  Round-up  of 
cattle  and  lambing  of  sheep  call  for  casual  range  laborers. 

CASUAL  LABORERS'   WORKING  TIME 

The  average  working  time  per  week  on  casual  farm  jobs  (Table  24) 
is  influenced  to  varying  extent  by  crop  conditions,  weather,  market 
demands,  and  marketing  practices.  The  average  number  of  days 
per  week  ranged  from  3  to  7  on  individual  jobs,  and  averaged  5.6  for 
all  jobs.  The  jobs  with  the  most  broken  time — under  5  days  per 
week — were  only  19  in  number,  involving  less  than  1  per  cent  of  the 
workers.  These  were  all  such  that  weather  conditions  like  rain 
could  easily  prevent  work  or  render  crop  conditions  unsuitable  for 
work,  as  in  haying  and  the  harvesting  of  small  grains. 

Table  24. — Average  numbers  of  days  of  work  afforded  in  certain  types  of  agriculture 
and  agricultural  operations  to  casual  hired  farm  laborers  in  the  United  States, 


Average  days  of  work 

Reports  on  days  of  work 

Type  of  agriculture  and  operation 

Per  week 

On  a 
single 
form 

In  the 
victaity 

Per  week 

On  a 
single 
farm 

In  the 
vicinity 

Days 
6.7 
5.8 
5.8 

5.6 
5.5 
5.7 
5.5 
5.5 
6.7 
5.1 

Days 
44.7 
26.0 
39.7 

27.0 
5.5 
15.3 
9.7 
23.9 
16.1 
52.3 

Days 
60.9 
35.0 
64.6 

40.8 
2L6 
27.3 
26.8 
38.2 
32.5 
72.6 

Number 

60 

76 

230 

613 
206 
426 
177 
639 
149 
490 

Number 

61 

78 

237 

624 
210 
447 
184 
667 
156 
513 

Number 
61 

Small  fruits  and  grapes 

84 

239 

Grain  and  Held  crops: 

Com  picking  and  husking 

633 

210 

Wheat  harvest 

448 

Grain  threshing                         

184 

Haying  and  baling  hay 

666 

Potato  digging 

166 

Cotton  picking 

520 

All  grain  and  field  crops  • 

5.6 

26.6 

41.7 

4,624 

4,828 

4,866 

Livestock 

6.2 

26.9 

60.8 

16 

16 

14 

All  types  '             

6.6 

27.2 

42.6 

6,007 

6,221 

5,364 

^  Including  misceUaneous  grain  and  field  crops.     *  Including  niiscellaneous  types  not  specified  above. 
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The  jobs  reported  as  requiring  over  six  days  work  weekly  were  18 
in  number,  involving  1  in  40  workers.  These  were  almost  wholly 
concerned  with  harvesting  quickly  such  perishable  products  as  fruit, 
or  were  concerned  with  livestock. 

Casual  farm  laborers'  jobs  vary  greatly  in  length,  somewhat  accord- 
ing to  character  of  work  (Table  24) ;  they  averaged  27.2  days  in  length, 
or  practically  a  month.  One-fourth  of  the  jobs  reported  averaged 
not  over  two  weeks,  affecting  somewhat  over  10  per  cent  of  all  laborers 
concerning  whom  reports  were  received.  One  month  or  less  is  the 
limit  for  somewhat  over  half  of  the  jobs,  and  two  months  is  the  limit 
for  17  out  of  20  jobs. 

Those  jobs  lasting  a  fortnight  or  less  are  chiefly  harvesting  and 
threshing  small  grain,  haying,  and  silo  filling.  Some  crops  or  types 
of  work  furnish  long  seasons  or  successions  of  jobs  lasting  fairly 
steadily  three  months  or  longer.  Thus  truck  crops  provide  a  succes- 
sion of  jobs  from  time  of  transplanting  to  gathering,  and  sugar  beets 
from  blocking  and  thinning  to  pulHng.  Cotton  picking  is  one  of  the 
longest  single  jobs  of  unchanging  character;  it  is  reported  to  average 
practically  two  months  on  the  single  farm. 

The  average  length  of  time  for  which  work  of  a  stated  kind  is  avail- 
able for  casual  laborers  in  the  vicinity  from  which  the  correspondent 
reported  is  practically  seven  weeks.  (Table  24.)  This  averages  half 
again  as  long  as  the  average  farmer  hires  for  such  work.  It  might  be 
thought  that  this  would  enable  a  casual  worker  to  get  a  second  job 
near  his  first  one  with  little  loss  of  time  or  money.  If  there  is  a 
succession  of  jobs  of  the  same  type,  this  may  be  relatively  true.  But 
such  conditions  seldom  prevail.  Several  jobs,  notably  grain  har- 
vesting, silo  filling,  and  fruit  picking,  do  not  last  over  a  month — often 
not  over  three  weeks — in  a  locality.  On  the  other  hand  the  succession 
of  operations  on  truck  crops  and  sugar  beets  provides  comparatively 
steady  work  for  3,  4,  and  even  5  months  in  a  locality.  Some  single 
jobs,  such  as  cotton  picking,  afford  comparatively  long  and  steady 
local  employment. 

In  two-thirds  of  the  cases  reported  here,  the  casual  work  on  a  single 
farm  averaged  over  half  of  the  time  such  work  was  available  in  the 
vicinity,  and  in  one-fourth  of  the  cases,  all  of  the  time.  Furthermore, 
most  farmers  try  to  secure  their  needed  laborers  early  in  the  season. 
This  plainly  affords  the  majority  of  casuals  little  or  no  chance  to  find 
new  jobs  of  the  same  kind  near,  and  with  roinimum  expense  and  loss  of 
time  and  wages.  Discharge  at  the  end  of  most  casual  farm  jobs  forces 
the  laborer  to  follow  his  work  to  new  localities  with  the  advance  of  the 
season,  or  to  seek  different  employment. 

DAILY  WAGE  EARNINGS 

Daily  wage  earnings  of  casual  laborers  vary  greatly.  The  range 
reported  was  from  $1  to  $11  per  day  for  individual  laborers.  The 
average  was  $3.18.  (Table  25.)  Pay  rates  depend  much  upon  labor 
demand  and  the  supply,  the  skill  required,  and  the  perquisites  fur- 
nished, 
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Table  25. — Average  daily  wages  and  values  oj  perquisites  in  certain  types  of 
agriculture  and  agricultural  operations  of  casvM  hired  farm  laborers  in  the  United 

States,  1926 


Type  of  agriculture  and  operation 


Market  garden  and  truck  crops 

Small  fruits  and  grapes 

Orchard  fruits  and  nuts 

Grain  and  field  crops: 

Corn  picking  and  husking.. 

Corn  ensiling 

Wheat  harvest 

Grain  threshing 

Haying  and  baling  hay 

Potato  digging 

Cotton  picking... 

All  grain  and  field  crops  V 

Livestock 

All  types «.. 


Average  daily  earnings 
in— 


Wages 


Dollars 
3.12 
3.33 
3.68 

4.37 
3.17 
3.64 
3.49 
2.89 
3.86 
2.00 


3.14 


6.86 


3.18 


Per- 

qui- 


DoUars 
1.16 
.88 
1.16 

1.44 
1.07 
1.42 
1.36 
1.24 
1.18 


1.28 


1.22 


Per- 
qui- 
sites 
and 


Dollars 
3.92 
3.93 
4.16 

6.70 
4.06 
4.78 
4.64 
3.92 
4.65 
2.43 


4.20 


6.27 


Reports  on— 


Number 
60 
79 
241 

629 
207 
449 


158 
615 


14 


6,256 


Per- 
qui- 
site 
values 


Number 
24 
28 
81 

382 
105 
222 
104 
324 
72 
219 


2,462 


2,605 


Laborers  re- 
ported as 
receiving— 


Per- 

qui- 


Number 


177 
425 
170 
677 
121 
387 


4,297 


No 
perqui- 
sites 


Number 

17 

30 

110 

64 
34 
26 

15 
99 
39 
138 


787 


1  When  and  as  given.  Cases  in  which  no  perquisites  were  given  were  not  included  in  computing  these 
averages. 

2  The  total  values  of  wages  and  perquisites,  or  of  total  earnings,  do  not  represent  the  sums  of  average 
cash  earnings  and  of  i)erQuisite  values  as  reported  to  the  left.  Many  reports  were  incomplete,  some  as  to 
wages,  others  as  to  perquisite  values.  Their  data  were  included  in  the  separate  respective  tabulations  of 
cash  wages  or  earnings  and  of  perquisites,  if  complete  in  the  one,  even  though  not  in  the  other.  The  reports 
included  in  calculating  total  earnings  were  complete  in  both  respects,  so  their  values  could  be  totaled  for 
tabulation.    Cases  in  which  no  perquisites  were  given  are  included  in  calculating  these  averages. 

*  Whether  or  not  reporting  the  values  of  perquisites  given. 

*  Including  miscellaneous  grain  and  field  crops. 

» Including  miscellaneous  types  not  specified  above. 


The  casual  jobs  which  had  average  daily  wages  of  under  $2  were 
almost  wholly  reported  from  the  South  Atlantic  and  the  South 
Central  States.  They  include,  for  example,  asparagus  cutting  (with 
the  lowest  average  wage  reported),  cotton  plowing  and  chopping, 
fodder  pulling,  and  harvest  work  of  various  kinds  on  sugarcane. 
Cotton  picking  averaged  exactly  $2  in  daily  wages.  Most  truck-crop 
work  brings  between  $2  and  $4  per  day.  The  jobs  bringing  more 
than  $3  are  rush  jobs  such  as  transplanting  or  harvesting.  Most 
berry  picking  pays  less  than  $3  per  day.  Most  orchard  fruit  and  nut 
picking  jobs  were  reported  at  between  $3  and  $4;  peach  picking  paid 
$2.83. 

By  far  the  highest  paid  casual  job  listed  in  the  reports  is  the  shearing 
of  sheep  and  goats.  Pay  is  by  the  head,  and  earnings  were  reported 
as  averaging  $8.16  per  day. 

VALUES  OF  PERQUISITES  PER  DAY 

Farm  practices  in  the  giving  of  perquisites  often  vary  greatly 
within  short  distances  within  even  the  same  State,  as  well  as  through- 
out the  Nation.  Practices  common  in  small-fruit  farming  are  often 
not  the  same  as  those  of  orcharding,  for  example. 

The  average  total  values  of  perquisites  actually  given  are  reported 
in  Table  25.  The  average  is  $1 .27  per  day  when  and  as  perquisites  were 
given,  no  account  being  taken  of  those  laborers  who  received  none. 
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Including  the  latter  in  the  computation,  the  average  daily  value  of 
perquisites  given  all  casual  laborers  is  $0.97. 

Average  values  of  perquisites  distinctly  tend  to  run  highest  or 
lowest  respectively  in  those  areas  in  which  the  largest  or  smallest 
proportions  of  jobs  carry  perquisites  in  part  payment. 


TOTAL  DAILY  EARNINGS 


The  total  daily  earnings  of  casual  farm  laborers  in  cash  and  in 
perquisites  were  reported  to  average  $4.20.  (Tables  25  and  26.) 
Actual  cases  ranged  from  75  cents  to  $13.35. 


Table  26. — C 

"asual 

hired  f 

2rm  laborers' 

average  daily 

earnings,  by  States, 

1926 

Wages 

Farm  values  of 
perquisites  i 

Total  earnings  2 

Per 
cent- 
age  of 
kbor- 
ers  re- 
ported 
as  re- 
ceiving 
perqui- 
sites 

Per 
cent- 
age 

state  and  geographic 
division 

Aver- 
age 

High- 
est 

Low- 
est 

Aver- 
age 3 

High- 
est 

Aver- 
age 

High- 
est 

Low- 
est 

aver- 
age per- 
quisite 
values 
are  of 
total 
earn- 
ings 

Maine 

New  Hampshire 

Vermont 

Dollars 
4.01 
3.59 
3.14 
3.89 
3.63 
3.68 

Dollars 
8.00 
5.00 
4.50 
5.00 
4.50 
4.50 

Dollars 
2.00 
2.00 
2.00 
3.00 
3.00 
2.50 

Dollars 
0.71 
.44 
L03 
.21 
.29 
.51 

Dollars 
3.74 
2.00 
2.18 
2.81 
L34 
2.33 

Dollars 
4.98 
4.15 
4.12 
4.13 
3.93 
4.20 

Dollars 
9.83 
7.00 
5.45 
6.81 
5.84 
6.74 

Dollars 
3.00 
3.00 
3.00 
3.20 
3.20 
3.24 

Per  cent 
73.0 
52.6 
80.6 
27.3 
33.3 
4L2 

Per  cent 
14.3 
10.6 
25.0 
5.1 
7.4 
12.1 

Massachusetts 

Rhode  Island 

Connecticut 

New  England 

3.74 

8.00 

2.00 

.61 

3.74 

4.44 

9.83 

3.00 

62.0 

13.7 

New  York 

4.00 
4.51 
3.15 

12.00 
7.00 
6.00 

2.00 
2.80 
1.50 

.93 
.64 
.94 

2.07 
2.33 
3.05 

4.96 
5.22 
4.16 

12.00 
7.83 
6.50 

2.70 
3.25 
2.00 

78.1 
60.0 
85.3 

18  8 

New  Jersey 

12  3 

Pennsylvania 

22.6 

Middle  Atlantic— 

3.57 

12.00 

1.50 

.93 

3.05 

4.60 

12.00 

2.00 

81.3 

20.2 

Ohio 

3.52 
3.37 
3.81 
3.28 
2.99 

10.00 
6.50 
8.00 
8.00 
5.00 

1..50 
1.50 
1.00 
1.50 
1.50 

.76 
.91 

L18 
.75 

1.09 

3.16 
2.  .50 
3.16 
2.35 
2.50 

4.45 
4.38 
5.10 
4.04 
4.08 

10.00 
8.45 
9.25 
8.00 
6.78 

L.W 
2.40 
L90 
2.50 
L75 

76.3 
85.0 
89.7 
8L4 
90.3 

17  1 

Indiana... 

20  8 

Illinois 

23  1 

Michigan 

18  6 

Wisconsin  . 

26  7 

E.  N.  Central 

3.47 

10.00 

7.00 
7.00 
6.00 
11.00 
11.00 
7.20 
7.00 

1.00 

.98 

3.16 

4.54 

10.00 

1.50 

85.1 

21.6 

Minnesota 

3.38 
4.00 
2.55 
4.11 
3.64 
3.74 
3.74 

1.50 
1.50 
1.00 
1.50 
1.50 
1.70 
1.25 

1.35 
1.34 
.87 
L65 
1.52 
L40 
1.44 

3.66 
2.99 
2.39 
2.63 
2.84 
2.78 
3.00 

4.73 
5.42 
3.48 
5.58 
5.23 
5.19 
5.21 

8.92 
8.69 
6.37 
12.80 
12.25 
9.79 
9.00 

2.83 
2.00 
LOS 
1.50 
2.38 
2.75 
2.50 

94.5 
95.6 
87.5 
97.4 
96.9 
96.0 
98.4 

28  5 

Iowa.  . 

24  7 

Missouri ... 

25.0 

North  Dakota 

South  Dakota 

Nebraska 

27.8 
29.1 
27.0 

Kansas... 

27  6 

W.N.  Central..- 

3.57 

11.00 

1.00 

L32 

3.66 

4.95 

12.80 

1.08 

94.9 

26.7 

Maryland 

3.23 
3.27 
2.31 
2.21 
2.01 
1.60 
1.58 
2.55 

5.00 
4.00 
4.50 
4.00 
4.00 
5.00 
2.75 
6.00 

1.75 
2.50 
1.00 
1.00 
LOO 
LOO 
.88 
.90 

.67 
.46 
.63 
.95 
.54 
.43 
.50 
.23 

1.90 
L50 
2.24 
2.67 
L72 
1.75 
2.16 
L09 

4.04 
3.88 
2.99 
3.25 
2.54 
1.97 
2.09 
2.66 

5.90 
5.00 
5.25 
5.17 
5.25 
3.30 
4.33 
6.00 

2.50 
3.00 
1.50 
2.00 
LOO 
LOO 
.90 
LOO 

80.0 
72.7 
76.3 
90.9 
80.9 
66.7 
73.9 
65.2 

16.6 

Delaware 

1L9 

Virginia 

21  1 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia.. 

29.2 
2L3 
2L8 
23.9 

Florida.-.. 

8.6 

South  Atlantic... - 

2.17 

6.00 

.88 

.59 

2.67 

2.76 

6.00 

.90 

77.7 

2L4 

1  Lowest  perquisite  values  are  zero  for  those  cases  in  which  no  perquisites  are  given. 

2  The  total  values  of  wages  and  perquisites,  or  of  total  earnings,  do  not  represent  the  sums  of  the  average 
cash  earnings  and  of  perquisite  values  as  reported  to  the  left.  Many  r^orts  were  incomplete,  some  as  to 
wages,  others  as  to  perquisite  values.  Their  data  were  included  in  the  separate  respective  tabulations  of 
cash  wages  or  earnings  and  of  perquisites  if  complete  in  the  one,  even  though  not  in  the  other.  The  reports 
included  in  calculating  total  earnings  were  complete  in  both  respects,  which  permitted  totaling  their  values 
for  tabulation.    Cases  \a  which  no  perquisites  were  given  were  included  in  calculating  these  averages. 

3  These  reports  include  those  cases  receiving  no  perquisites. 
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Table    26. — Casual  hired  farm  laborers'  average  daily  earnings,  by  States^  1926 — 

Continued 


Wages 

Farm  values  of 
perquisites 

Total  earnings 

Per 

cent- 
age  of 
labor- 
ers re- 
ported 
as  re- 
ceiving 
perqui- 
sites 

Per 
cent- 
age 

State  and  geographic 
division 

Aver- 
age 

High- 
est 

Low- 
est 

Aver- 
age 

High- 
est 

Aver- 
age 

High- 
est 

Low- 
est 

aver- 
age per- 
quisite 
values 
are  of 
total 
earn- 
ings 

Kentucky 

Dollan 
2.25 
1.85 
1.67 
2.02 

Dollars 
5.00 
3.00 
2.75 
5.00 

Dollars 

0.  75 

1.00 

.60 

1.00 

Dollars 

0.61 

.39 

.57 
.56 

Dollars 
2.12 
2.01 
2.57 
2.08 

Dollars 
2.90 
2.19 
2.26 
2.59 

Dollars 
5.00 
4.54 
4.16 
5.00 

Dollars 
1.00 
1.00 
1.00 
1.00 

Percevt 

80.8 
76.3 
70.6 
76.2 

Percent 
21  0 

Tennessee 

17  8 

26.2 

Mississippi  — 

21  6 

E.  S.  Central 

1.96 

6.00 

.60 

.54 

2.57 

2.50 

5.00 

1.00 

76.6 

2L6 

Arkansas.-- 

1.88 
1.79 
3.15 
2.45 

4.00 
3.00 
6.00 
5.25 

.75 
1.00 

.75 
1.25 

.54 

.48 

1.07 

.84 

3.00 
1.50 
2.82 
2.25 

2.41 
2.33 
4.16 
3.26 

5.75 
3.62 
7.00 
6.00 

.76 
1.12 

72.7 
78.4 
88.8 
90.2 

22.4 

Louisiana. 

20.6 

Oklahoma 

25.7 

Texas 

25.8 

W.  S.  Central 

2.43 

6.00 

.75 

.76 

3.00 

3.13 

7.00 

.75 

82.5 

24.3 

Montana 

3.45 
3.32 
2.72 
3.62 
2.64 
2.02 
3.31 
3.00 

12.00 
9.00 
4.00 

10.00 
5.00 
2.50 
5.50 
3.50 

2.00 
2.25 
1.50 
1.75 
1.50 
1.50 
2.00 
2.50 

1.58 
1.29 
1.56 
1.42 
.81 
.79 
.72 
1.58 

2.90 
2.00 
2.19 
3.50 
1.95 
1.67 
2.33 
1.58 

4.97 
4.67 
4.24 
5.21 
3.42 
3.00 
4.09 
4.58 

7.17 
10.00 
5.33 
11.50 
6.17 
4.00 
6.83 
4.68 

3.29 
2.95 
3.00 
3.42 
1.50 
2.00 
2.00 
4.68 

100.0 
98.0 

100.0 
94.9 
76.0 
80.0 
71.4 

100.0 

31.8 

Idaho 

27.6 

Wyoming-. 

36.8 

27.3 

New  Mexico 

Arizona 

23.7 
26.3 

Utah.. 

17.6 

Nevada 

34.5 

Mountain 

3.29 

12.00 

1.50 

1.30 

3.50 

4.60 

11.50 

1.50 

93.7 

28.3 

Washington 

3.69 
2.98 
3.86 

12.00 
4.50 
12.00 

2.00 
2.00 
2.00 

1.07 
1.06 
.70 

2.42 
2.50 
2.49 

4.85 
3.95 
4.56 

13.35 
5.58 
12.00 

2.86 
2.50 
3.00 

90.4 
85.2 
76.6 

22.1 

Oregon. 

26.8 

California 

16.4 

Pacific 

3.66 

12.00 

2.00 

.88 

2.50 

4.  .53 

13.35 

2.50 

82.2 

19.4 

United  States 

3.18 

12.00 

.60 

.97 

3.74 

4.20 

13.35 

.76 

86.6 

23.1 

The  fact  that  daily  earnings  of  some  casual  farm  laborers,  such  as 
harvest  laborers  or  fruit  pickers,  are  often  high  is  frequently  empha- 
sized in  discussing  such  earnings,  and  the  impression  is  left  that  they 
are  usual.  That  such  is  not  the  fact  is  well  brought  out  by  the  much 
lower  averages  found  for  most  of  the  jobs  reported  here,  and  by  the 
lowest  average  earnings  reported  from  many  sections. 

Moreover,  these  reports  take  no  account  of  the  time  when  the  la- 
borer is  not  earning.  The  time  lost  between  jobs  by  casual  workers  in 
agriculture  has  been  little  studied.  It  is  known  to  be  considerable. 
No  comprehensive  survey  has  ever  been  taken  showing  the  extent, 
but  a  previous  survey  by  this  department  showed  that  wheat-harvest 
hands  work  barely  one-half  of  the  time  they  spend  in  the  wheat  belt.'' 

METHODS  AND   RATES  OF  PAYING   CASUAL  FARM  LABORERS 

The  wages  due  casual  hired  farm  laborers  are  reckoned  in  a  variety 
of  ways.     The  character  of  the  work  and  the  limited  time  of  employ- 


8  Lescohiee,  D.  p.    Sources  of  supply  and  conditions  or  employment  or  harvest  labob  in  the 
WHEAT  BELT.    U.  S.  Dept.  Agr.  Bui.  1211,  p.  16-16. 


PERQUISITES  AND  WAGES  OF  HIRED  FARM  LABORERS 


41 


ment  lend  themselves  to  time  and  piecework  rates.'^      (Table  27.) 
Several  methods  of  payment  are  in  use  on  some  jobs. 

Table  27. — Percentages  of  casual  hired  farm  laborers  reported  paid  by  principal 

methods,  1926 

BY  GENERAL  CHARACTER  OF  WORK 


Time  methods 

Piecework  rates 

Work  or  geographic  division 

Hour 

Day 

Week 
or  month 

Measure 

Weight 

Area,  or 
head  (of 
livestock) 

Market  garden  and  truck  crops 

Per  cent 
19.6 
13.7 
28.3 
12.6 
0 
23.2 

Per  cent 
43.1 
8.2 
37.0 
61.2 
28.6 
38.4 

Per  cent 

2.0 

0 

.4 

1.0 

14.3 

38.4 

Per  cent 
31.4 

28:7 

U3.1 

0 

0 

Per  cent 
3.9 
8.2 
5.6 
2  10.3 
0 
0 

Per  cent 
0 

Small  fruits      _. .  .        ..  ... 

0 

Orchard  fruits  and  nuts                    .      

0 

Grain  and  field  crops 

1  8 

67.1 

Miscellaneous 

0 

BY  GEOGRAPHIC  DIVISIONS 


9.5 
31.2 
17.0 
12.7 
13.9 
2.6 
5.1 
4.9 
16.8 

74.4 
56.2 
57.9 
59.7 
56.2 
54.4 
45.7 
80.6 
64.0 

3.3 
.9 
.8 

1.4 
.2 

0 

0 

3.3 

2.0 

11.8 
9.4 
20.5 
25.0 
4.1 
2.1 
5.1 
5.6 
9.8 

0.6 
0 

.1 

.8 

21.9 

39.1 

42.9 

2.9 

6.7 

0.5 

Middle  Atlantic                                     -      . 

2.3 

East  North  Central 

3.7 

West  North  Central --  

.4 

South  Atlantic 

3.7 

East  South  Central     

1.8 

West  South  Central              -  - 

1.2 

2.7 

Pacific      -         --- --. 

.7 

United  States... 

13.4 

59.1 

1.1 

14.6 

9.9 

1.9 

1  Reported  in  21  per  cent  of  the  grain-crop  jobs;  3  per  cent  in  field-crop  jobs. 

2  Reported  wholly  from  field-crop  jobs. 

A  few  instances  were  noted  of  payment  by  contract,  as  in  sugar- 
beet  production,  and  by  agreement  upon  the  wage  or  price  for  a  cer- 
tain job,  or  by  a  share  of  the  crop  produced. 

Day  wages  were  reported  as  the  predominant  method  of  paying 
casual  hired  farm  laborers,  as  a  whole,  and  especially  in  work  on  grain 
and  field  crops.  Piecework  rates  (composed  largely  of  rates  by 
measure)  and  hour  rates  make  up  the  next  largest  proportions. 

Rates  by  measure  (such  as  quart,  basket,  bushel)  predominate  in 
work  on  small  fruits  and  apply  largely  to  harvesting  work.  Measure- 
ment by  the  bushel  is  characteristic  of  corn  husking. 

Rates  by  weight  were  reported  mostly  by  the  hundredweight,  which 
is  largely  the  method  used  in  determining  the  earnings  of  cotton 
pickers. 

Sometimes  casual  farm  labor  is  paid  for  by  area  covered  in  the  work, 
as  by  the  acre  in  sugar-beet  work,  or  by  lesser  areas  such  as  the  shock 
made  up  from  a  certain  number  of  hills  of  corn  in  cutting  corn. 

The  various  methods  of  payment  of  casual  laborers'  farm  jobs  are 
more  characteristic  of  type  of  work  involved  than  of  locality. 

<  Time  rates  include  those  by  the  hour,  day,  week,  month.  Piecework  rates  comprise  those  by  measure 
(quart,  gallon,  basket,  bushel,  barrel,  pile,  box,  tray,  bag,  bundle);  by  weight  (pound,  hundredweight, 
ton);  by  area  (acre,  shock);  by  head  (of  livestock).  The  measurements  indicated  by  basket,  barrel,  pile, 
box,  tray,  bag,  bundle,  and  shock  vary  from  crop  to  crop,  and  from  locality  to  locality.  For  instance,  the 
basket  of  strawberries  is  usually  a  quart;  in  some  localities  truck  crops  are  measured  in  baskets  holding  five- 
eights  of  a  bushel,  in  others  in  full  bushel  baskets.  The  barrel  contents  vary  from  2M  to  5  bushels.  The 
box  may  be  a  quart  at  one  place,  and  under  other  conditions  it  may  be  a  bushel  or  other  arbitrary  measure. 
Pile,  tray,  bag,  bundle,  and  shock  all  vary  locally. 
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Some  wage  rates  for  doing  the  same  work  varied  greatly,  frequently 
within  the  same  geographic  divisions.  For  instance,  the  pay  for  apple 
picking  varied  from  25  to  55  cents  per  hour,  or  4  to  10  cents  per 
bushel,  or  12  to  30  cents  per  barrel.  Pay  for  wheat  harvesting  varied 
from  $1.50  to  $5.25  per  day.  Cotton  picking  was  paid  for  largely  by 
the  hundredweight,  for  which  rates  varied  from  50  cents  to  $2. 

FREQUENCIES   AND   VALUES  OF  CASUAL  LABORERS'   PERQUISITES 

For  the  country  as  a  whole,  about  six  out  of  seven  casual  farm 
laborers  were  reported  as  being  given  perquisites.  (Table  28.) 
There  appears  to  be  a  notable  tendency  to  give  perquisites  to  casual 
farm  laborers  much  more  frequently  in  the  western  than  in  the  eastern 
part  of  the  United  States.  Farmers  in  New  England  reported  giving 
perquisites  least  frequently,  and  those  in  the  West  North  Central  and 
Mountain  States  distinctly  the  most  frequently.  Farmers  in  the 
West  South  Central  States  frequently  stand  intennediate  in  per- 
quisite practices  and  values  between  those  of  the  Southeastern  and  the 
other  States.  Board  was  reported  as  the  most  common  perquisite  in 
every  geographic  division.  Furnished  lodging  was  the  next  most 
common  item. 

Table  28. — Percentage  of  casual  hired  farm  laborers  receiving  specified  perquisites 
by  geographic  divisions,  1926 


Geographic  divisions 


New  England 

Middle  Atlantic 

East  North  Central. 
West  North  Central 

South  Atlantic 

East  South  Central - 
West  South  Central. 

Mountain 

Pacific 

United  States. 


KM 


P.Ct, 
C2.0 
81.3 
85.1 
94.9 
77.7 
76.5 
82.6 
93.7 
82.2 


85.6 


Lodging 


5^ 


P.Ct. 

7.0 
6.8 
9.6 
11.0 
25.1 
24.0 
30.1 
14.3 
26.3 


16.5 


P.d. 
32.4 
38.4 
46.5 
68.3 
21.7 
21.4 
30.5 
63.5 
36.2 


46.2 


P.Ct. 

14.6 
10.5 
12.3 
14.3 
26.7 
26.3 
23.8 
28.3 
28.0 


18.3 


P.Ct. 

15.5 
10.5 
12.4 
20.4 

8.9 
10.7 

6.1 
21.6 
19.7 


14.6 


P.Ct. 
12.7 
20.8 
24.6 
37.3 
8.3 
11.5 
13.0 
18.7 


22.6 


Foodstuffs 


P.Ct. 

8.5 

5.3 

8.2 

5.3 

14.2 

13.3 

U.2 

6.0 

10.9 


8.4 


P.Ct. 

0.9 


1.7 
1.1 
2.3 
2.0 
L3 
1.3 


P.Ct. 

51.6 
76.9 
77.9 
91.0 
66.1 
55.9 
63.7 
86.0 
63.2 


74.1 


Ob 
li 


P.Ct. 

6.1 
9.1 

lai 

11.7 
17.0 
20.7 
18.6 
13.0 

n.8 


12.9 


°3 


n.8 


P.Ct. 

2.3 
LI 
3.9 
2.8 
2.1 
4.8 
4.5 
4.1 
4.3 


3.3 


Table  29. — Percentages  of  casual  hired  farm  laborers  reported  receiving  certain 
perquisites  in  selected  types  of  work  in  the  United  States,  1926 


Type  of  work 


Apple  harvesting 

Corn  harvest  for  grain 

Corn  harvest  for  fodder 

Wheat  harvest 

drain  harvest 

Hay  and  grain  harvest 

Haymaking. 

Cotton  nicking 

Potato  digging 

Tobacco  harvest 


**  a 


P.d. 
60.6 
9L9 
84.0 
96.0 
94.4 
9L1 
85.7 
73.7 
76.8 
83.3 


Lodging 


P.d. 
12.2 
10.2 

6.6 
14.7 
10.2 
14.2 

9.0 
35.5 
15.6 
22.8 


P.d 
22.4 
70.2 
27.8 
60.7 
66.3 
47.7 
47.4 
16.0 
36.1 
28.1 


P.d. 
17.8 
16.7 
1L8 
14.2 
14.3 
13.3 
14.3 
32.0 
2L9 
19.3 


P.d. 
12.2 
2L8 
10.4 
11.4 
19.4 
12.6 
16.1 
6.6 
13.5 

ia4 


P.d 
11.2 
37.3 
17.6 
20.9 
35.0 
26.1 
19.3 
11.2 
12.9 
&8 


Foodstuffs 


1% 

3 


P.d. 
13.1 
6.2 
6.7 
7.2 
4.7 
7.0 
6.6 
14.1 
14.2 
12.  S 


t1\ 

&2 


P.d 
0.9 
LO 
L4 

.7 
L7 
L7 
L2 
2.3 

.6 
L8 


P.d. 
32.7 
87.1 
79.7 

9ao 

9L6 
86.2 
8a9 
36.3 
6a6 


P.d 

13.1 

8.8 

7.6 

13.4 

ILO 

10.4 

8.7 

24.1 

12.9 

21.1 


O 


P.d 
1L2 
12.7 
6.C 
12.9 
12.0 
12.0 
10.2 
16.2 

las 

1L4 


;^ 


p.d. 

3.7 
4.8 
2.4 
Z7 
2.9 
2.4 
2.1 
4.2 

a2 

L8 
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Farm  employers  in  the  West  North  Central  and  Mountain  States 
appeared  on  the  whole  to  give  casual  laborers  the  largest  variety  of 
perquisites.  In  those  sections  on  the  whole,  furnished  lodging,  hght, 
washing,  and  board  were  given  more  consistently  than  in  most  other 
divisions.  In  the  South  Atlantic  and  South  Central  States  the  casuals 
received  in  highest  proportions  unfurnished  lodging  and  food  products 
grown  or  made  on  the  farms;  and  in  least  proportions,  furnished 
lodging. 

Practices  in  the  giving  of  perquisites  vary  somewhat  with  the  char- 
acter of  work  and  from  one  geographic  division  to  another.  The 
facts  are  brought  out  in  Table  29,  which  covers  10  important  harvest- 
ing operations  of  large  and  general  distribution.  These  operations 
employed  77  per  cent  of  the  casual  laborers  upon  whom  reports  were 
received. 

The  average  daily  values  of  the  individual  perquisites  considered 
for  casual  hired  farm  hands  are  given  in  Table  30,  by  types  of  agricul- 
ture and  for  certain  operations,  and  in  Table  31  by  geographic 
divisions  without  reference  to  character  of  work. 
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Table  31.- 


-  Aver  age  daily  value  of  certain  perquisites  to  casual  hired  farm  laborers 
receiving  them,  by  geographic  divisions,  1926 


Geographic  divisions 


03  j3 


Lodging 


Food  pro- 
duced 


o  t> 


New  England 

Middle  Atlantic 

East  North  Central . . . 
West  North  Central.. 

South  Atlantic 

East  South  Central-.. 
West  South  Central.-. 

Mountain 

Pacific 

United  States 


Dolls. 
0.61 


1.32 
.59 
.54 
.76 

1.30 


Dolls. 

0.39 
.50 
.48 
.46 
.30 
.31 
.33 
.40 
.34 


Dolls. 

0.43 
.47 
.49 
.47 
.33 
.41 
.46 
.44 
.42 


Dolls 
0.21 
.14 
,14 
.13 
.15 
.13 
.14 
.15 
.14 


Dolls. 
0.08 


.06 
.06 
.06 
.04 
.07 
.06 


Dolls. 

0.11 
.13 
.12 
.12 
.11 
.07 
.12 
.11 


Dolls. 

0.27 
.17 
.34 
.25 
.24 
.28 
.28 
.22 


Dolls. 

'0.50 
.17 
.24 
.20 
.23 
.20 
.22 
.08 
.34 


Dolii. 
0.97 
.95 
.89 
.95 
.71 
.59 
.83 
1.01 
1.05 


Dolls. 

0.26 
.20 
.22 
.22 
.26 
.26 
.25 
.26 
.24 


Dolls. 

0.39 
.17 
.21 
.28 
.20 
.30 
.27 
.21 
.21 


Dolls. 
0.41 
.33 
.20 
.24 
.16 
.15 
.34 
.28 
.10 


.97 


.14 


.12 


.27 


22 


.91 


,24 


.26 


1  Only  1  case. 

Farm  practices  in  the  allowing  of  lodging  and  of  other  perquisites 
frequently  vary  somewhat  according  to  locality,  type  of  work  done,  and 
type  of  laborers  hired.  Casual  farm  laborers  are  given  two  types  of 
lodging — furnished  and  unfurnished.  Quarters  vary  from  rooms  in 
farm  homes  to  merely  cleared  spots  in  farm  buildings,  or  to  camping 
ground.  Some  of  the  quarters  or  rooms  are  furnished  fairly  comfort- 
ably. In  other  instances  the  laborers  themselves  have  to  furnish  the 
quarters  or  shelters  with  practically  all  necessities.  Such  shelters  are 
often  of  shack  or  barrack  type,  not  to  be  considered  as  dwelling  houses. 

Fuel  and  light  often  accompanied  unfurnished  lodging  and  were 
often  given  with  furnished  lodging.  These  in  themselves  are  items  of 
low  value,  especially  light. 

With  furnished  lodging,  board  was  usually  provided,  and  often 
washing.  Washing  appears  to  be  distinctly  a  perquisite  of  the  North 
Central  and  North  Atlantic  States. 

Some  casual  laborers  were  given  foodstuffs  for  their  own  tables 
rather  than  table  board.  Such  foods  made  or  produced  on  the  farm 
were  given  occasionally.  Farm  employers  in  the  South  Atlantic  and 
South  Central  States  gave  such  foodstuffs  much  more  often  than  did 
those  in  other  areas.  Foodstuffs  made  or  produced  away  from  the 
employers'  farms  are  seldom  mentioned. 

Board  is  the  most  common  perquisite  give^  to  casual  hired  farm 
laborers.  Nearly  three-quarters  of  the  reports  noted  the  giving  of 
one  or  more  meals  daily. 

Practices  in  regard  to  giving  board  vary.  According  to  the  few 
reports  received,  all  livestock  workers  got  table  board.  The  largest 
group  of  workers  reported  upon  was  that  on  grain  crops ;  87  per  cent 
of  them  received  this  perquisite.  Field-crop  workers  received  it  in 
65  per  cent  of  cases.  Workers  on  fruits  received  table  board  least 
frequently  of  any  groups,  especially  those  working  with  small  fruits, 
where  only  19  per  cent  of  casuals  were  given  board. 

The  number  of  meals  daily  varied,  from  one  to  five  being  reported. 
Most  instances  of  the  giving  of  five  meals  were  reported  in  connection 

9518°— 31 4 
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with  grain-harvesting  jobs  in  which  there  were  long  days  of  hard  work 
with  need  for  more  than  ordinary  refreshments  for  workers. 

Providing  or  paying  for  the  transportation  between  their  lodgings 
and  working  places  was  reported  for  one-eighth  of  casual  hired  farm 
laborers.  Truck-crop  and  small-fruit  workers  were  given  transporta- 
tion more  frequently  than  was  any  other  class  of  casuals;  they  aver- 
aged eight  one-way  trips  a  week.  Transportation  was  largely  confined 
to  workers  living  within  10  miles  of  their  work. 

About  one-ninth  of  casual  farm  laborers  were  reported  as  receiving 
some  use  of  their  employers'  farm  horpes  or  vehicles  for  their  personal 
use  in  addition  to  any  use  made  of  them  for  transportation. 

Miscellaneous  perquisites  were  reported  in  considerable  variety, 
but  in  lower  frequency  than  any  single  perquisite. 

SOURCES  OF  CASUAL  FARM  LABORERS 

Ten  per  cent  of  farmers  obtained  their  casual  laborers  on  the  same 
farm.  (Table  32.)  These  may  have  been  from  several  classes  of  the 
farm  population,  such  as  casual  laborers  already  on  the  farms  for  other 
jobs  and  kept  for  later  ones,  members  of  the  operators'  families, 
members  of  families  of  noncasual  hired  laborers  already  on  the  farms, 
members  of  tenant  families,  and,  in  the  South  Atlantic  and  South 
Central  States,  of  croppers'  families.  Farmers  in  the  Southeastern 
States  make  the  largest  use  of  this  source  of  casual  labor. 

Table  32. — Percentages   of  hired  casual  farm   laborers   obtained   within   various 
distances  of  the  farms  on  which  employed,  by  geographic  divisions,  1926 


Geographic  division 

On  the 
same 
iarm 

In  the 
vicinity 
of  same 

farm 

From 

points 

not  over 

lOmUes 

away 

From 
points 
over  10 
miles 
away 

New  England    .  .  .  

Percent 
11 

6 
10 

8 
18 
14 
11 

6 

8 

Per  cent 
57 
63 
66 
43 
61 
65 
47 
40 
38 

Per  cent 
23 
20 
22 
19 
17 
16 
19 
17 
16 

Percent 
9 

Middle  Atlantic 

11 

East  North  Central  

12 

West  North  Central             

30 

South  Atlantic                                     -             

4 

East  South  Central 

5 

West  South  Central             - 

23 

38 

Pacific         - .-- 

38 

United  States 

10 

51 

19 

20 

Farmers  as  a  whole  appear  to  find  half  their  casual  help  away  from 
their  farms,  but  within  their  vicinities.  This  is  especially  true  east 
of  the  Mississippi  River. 

Workers  obtained  from  beyond  the  vicinity  of  the  farm,  but  from 
points  not  over  10  miles  distant,  were  reported  as  making  practically 
one-fifth  of  the  country's  casual  farm  laborers.  Again,  the  ability  to 
get  near-by  help  is  noticeable  east  of  the  Mississippi. 

One-fifth  of  casual  farm  laborers  reported  upon  came  to  their  jobs 
from  points  over  10  miles  away  from  the  farms.  East  of  the  Missis- 
sippi such  help  formed  only  9  per  cent,  and  west  of  the  river,  30  per 
cent  of  the  total.  In  the  Southeastern  States  this  group  of  casuals 
formed  less  than  5  per  cent  of  the  total. 

These  striking  differences  are  probably  due  not  so  much  to  dif- 
ferences in  peak  labor  demands  of  farms  of  the  various  sections  as 
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to  two  other  factors — relative  density  of  total  population,  and  the 
character  of  groups  of  the  farming  classes.  The  States  east  of  the 
Mississippi  River  are,  in  general,  much  more  densely  populated  than 
are  those  to  the  west.  Distances  between  large  centers  of  popula- 
tion and  potential  labor  supply  are  comparatively  long  in  the  West. 
The  North  and  South  Central  and  the  South  Atlantic  States  have 
large  tenant-farm  classes  (including  especially  the  croppers,  found 
only  in  the  South  Central  and  South  Atlantic  States)  in  higher 
proportions  than  does  the  rest  of  the  country.  From  these  elements, 
especially  from  the  croppers'  families,  large  numbers  of  casuals  are 
obtainable. 

Considering  sources  of  casual  hired  farm  laborers  by  general 
character  of  work  done,  casuals  from  within  the  vicinity  of  the 
farms  were  used  mostly  in  field-crop  work;  54  per  cent  of  the  casuals 
reported  in  such  work  were  of  this  class.  Help  from  beyond  the 
vicinity  of  the  farm,  but  from  within  10  miles  of  it,  was  used  largely 
on  small-fruit  work. 

About  half  of  the  casuals  for  picking  and  husking  corn  in  the  Corn 
Belt  were  local,  that  is,  from  the  farms  on  which  they  were  employed 
or  their  vicinities;  one-quarter  of  them  traveled  over  10  miles  to 
their  jobs. 

Half  of  the  casual  labor  force  for  wheat  harvesting  in  the  West 
North  and  West  South  Central  States  was  gathered  from  beyond 
10  miles  of  their  employment. 

About  two-thirds  of  the  casual  laborers  for  threshing  grains  in 
the  East  North  Central  States  came  from  the  vicinity  of  the  farms, 
with  few  from  over  10  miles;  in  the  West  North  Central  States  only  a 
third  of  the  casuals  were  recruited  in  the  vicinity,  but  another  third 
came  more  than  10  miles. 

Similar  ratios  applied  to  the  East  and  West  North  Central  States 
in  case  of  harvesting  various  grains. 

In  these  two  cases,  harvesting  and  threshing  the  various  grains  in 
the  West  North  Central  States,  the  proportions  of  casual  labor  forces 
obtained  from  a  distance  is  not  nearly  so  marked  as  in  the  case  of 
wheat  harvesting. 

Harvesting  of  hay  and  of  grain  come  so  close  together  in  some 
sections  that  the  laborers  hired  for  one  are  kept  for  the  other  harvest. 
In  general,  these  operations  drew  four-fifths  of  their  casuals  from  the 
home  farms  and  their  vicinity,  in  the  Middle  Atlantic  and  South 
Atlantic  States;  the  latter  drew  more  heavily  on  home  sources  of 
labor  than  did  those  of  other  States.  The  East  North  Central 
States  drew  a  somewhat  larger  proportion  of  casuals  from  points 
further  away,  but  still  within  10  miles,  and  the  West  North  Central 
States  obtained  a  larger  proportion  from  still  further  away  for  this 
work. 

Somewhat  similar  ratios  apply  to  sources  of  casuals  for  haymaking, 
except  in  the  Far  Western  States  where  these  workers  came  from 
distances  of  10  or  more  miles. 

For  cotton  picking  in  the  South  Atlantic  States  three-fourths  of 
the  entire  force  is  closely  local  in  origin;  one-fourth  is  found  on  the 
farms  or  plantations  on  which  they  are  employed.  Farmers  in  the 
East  and  West  South  Central  States  did  not  use  home-farm  casuals 
half  as  much  as  did  those  in  the  South  Atlantic.  Those  in  the  East 
South  Central  States  made  larger  use  of  labor  from  the  vicinity, 
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and  those  in  the  West  South  Central  States  used  more  labor  from 
over  10  miles  distant. 

WAGES  AND  PERQUISITES  IN  RELATION  TO  SOURCE  OF  CASUAL  FARM  LABORERS 

Aside  from  those  living  on  their  employers'  farms  there  seems  to 
be  a  general  tendency  to  give  to  casual  hired  farm  laborers  who  come 
from  a  distance  larger  values  in  perquisites  than  to  those  living  nearer. 
Those  living  within  daily  reach  of  home  would  naturally  need  less  in 
the  way  of  food  and  shelter;  food  is  notably  the  costliest  of  the 
perquisites.  Home-farm  casuals  seem  to  receive  somewhat  more  in 
perquisite  values  than  do  those  living  in  the  vicinity.  (Table  33.) 
They  doubtless  get  a  wider  range  of  perquisites  than  the  latter. 

Table  33, — Average  daily  farm  value  of  casual  hired  farm  laborers'  perquisites, 
according  to  source  of  workers,  by  geographic  divisions  in  the  United  States, 
1926 


Average  daily  value  of  perquisites  of 
casual  laborers  obtained— 

Geographic  division 

On  same 
farm 

In  vicin- 
ity of 
same  form 

From 

points  not 

over  10 

miles 

away 

From 
points 
over  10 
miles 
away 

Dollars 
1.11 
1.39 
1.17 
1.30 
.65 
.92 
.93 
1,60 
1.04 

Dollars 
0.45 
.83 
.90 
1.23 
.57 
,39 
,55 
1.06 
.82 

Dollars 
0.91 
1.05 
1.07 
1.36 
.85 
.69 
.96 
1.48 
.83 

Dollars 
1.37 

Middle  Atlantic              - 

1.42 

East  North  Central                                                   -      -        

1.40 

West  North  Central          - -- 

1.67 

South  Atlantic                                 -    ..  .    

,78 

1.14 

West  South  Central                  

1.14 

1.50 

Pacific                      

L13 

United  States                                  

1.06 

.84 

Lll 

1,42 

WAGES  AND  PERQUISITES  IN  RELATION  TO  GIVING  OR  WITHHOLDING  OF  BOARD 

The  casual  farm  laborers  who  are  not  boarded  get  few  perquisites, 
and  the  aggregate  values  are  low  compared  with  those  of  laborers 
who  ^et  board.  (Tables  34  and  35.)  Board  accounts  for  most  of 
the  differences  in  the  values  of  the  remuneration  according  to  whether 
or  not  it  is  furnished. 


Table  34. — Average  daily  value 
casual  hired  farm  laborerSj 

of  perquisites,  and  of  perquisites  plus  wages,  of 
boarded  and  not  boarded,  by  States,  1926 

Laborers  not  boarded 

Laborers  boarded 

State  and  geographic  division 

Cases 

Average  daUy 
value  of— 

Cases 

Average  daily 
value  of— 

Perqui- 
sites 

Perqui- 
sites plus 
wages 

Perqui- 
sites 

Porqui- 

sittis  plus 

wages 

Maine  

Number 
30 
18 

6 
28 

6 
12 

Dollars 

0,22 

.11 

Dollars 
6.06 
8.86 
8,67 
3.93 
3.93 
3.93 

Number 
26 
8 
22 
2 
0 
4 

DoUars 
1,30 
1.17 
1.82 
2.70 

DoUars 
4,97 

4,80 

Vermont                                --      

4.M 

«$44 

.29 
,07 

Connecticut 

L83 

6.02 

New  England 

05 

,12 

4.26 

62 

1.37 

4.74 
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Table  34. — Average  daily  value  of  perquisites,  and  of  perquisites  plus  wages,  of 
casual  hired  farm  laborers,  boarded  and  not  boarded,  by  States,  1926 — Continued 


Laborers  not  boarded 

Laborers  boarded 

State  and  geographic  division 

Cases 

Average  daily- 
value  of— 

Cases 

Average  daily 
value  of— 

Perqui- 
sites 

Perqui- 
sites plus 
wages 

Perqui- 
sites 

Perqui- 
sites plus 
wages 

New  York 

Number 
52 
5 
34 

Dollars 

0.11 

.04 

.01 

Dollars 
4.46 
4.69 
3.64 

Nurnber 

104 

1 

102 

Dollars 
1.35 
2.33 
1.25 

Dollars 
5  19 

7.83 

4  34 

Middle  Atlantic -     -.  ..  -. 

91 

.07 

4.16 

207 

1.31 

4.78 

Ohio                --  

72 
42 
45 
24 
20 

.30 
.26 
.30 
.17 

.12 

4.33 
4.00 
4.16 
3.77 
3.25 

77 
93 
168 
37 
97 

1.19 
1.20 
1.43 
1.15 
•     1.28 

4.56 

Tndiana                                      -                    .    _     .- 

4.59 

Illinois         -    --    ------    --- 

5.35 

A/rif»hipan                     -     -   -- 

3.13 

4.25 

East  North  Central -.-  ... 

203 

.26 

4.05 

472 

1.29 

4  75 

]y^  juugsota                    

13 
33 

56 
4 
6 
9 
5 

.14 
.55 
.38 

3.08 
4.26 
2.99 
3.25 
3.51 
4.14 
3.80 

106 
195 
105 
99 
95 
100 
128 

1.49 
1.47 
1.15 
1.61 
1.61 
1.52 
1.50 

4  89 

5.61 

IVIissouri                   - 

3.76 

North  Dakota 

5  65 

South  Dakota       - - 

.10 
.22 
.10 

5.32 

5.29 

6.27 

West  North  Central 

126 

.35 

3.48 

828 

1.48 

5.16 

13 
4 
43 
10 
42 
25 
50 
12 

.18 
.06 
.19 
.25 
.33 
.20 
.31 
.14 

3.96 
3.56 
2.65 
2.98 
2.28 
1.73 
1.86 
2.66 

19 
2 
50 
26 
27 
10 
16 
2 

1.01 
1.25 
1.01 
1.23 

.88 
1.03 
1.02 

.73 

4.09 

Delaware               

4.50 

Virginia    

3.81 

West  Virginia    -- - 

3.35 

North  Carolina            _-. 

2.96 

2.56 

Georgia 

2.70 

Florida     -       - 

2.67 

South  Atlantic 

199 

.25 

2.38 

152 

1.03 

3.24 

Kentucky                 ... 

38 
34 

44 
28 

.29 
.12 
.20 
.33 

2.64 
1.92 
1.85 
2.34 

38 
23 
27 
18 

.94 
.80 
1.18 
.93 

3.16 

2.58 

Alabama                

2.85 

Mississippi 

2.97 

East  South  Central 

144 

.23 

2.17 

106 

.97 

2.92 

Arkansas 

75 
17 
33 
42 

.20 
.25 
.27 
.55 

2.10 
2.06 
2.69 
3.08 

44 

7 

59 

32 

1.13 
1.04 
1.51 
1.18 

2.92 

2.98 

Oklahoma            

4.98 

Texas -- -  --  -- 

3.51 

West  South  Central 

167 

.31 

2.46 

142 

1.29 

3.19 

M!ontana               -      -  - 

3 
2 
0 

9 
7 
3 
14 
0 

.91 
.50 

5.43 
6.76 

47 
20 
21 
37 
8 
4 
11 
1 

1.62 
1.37 
1.56 
1.65 
1.32 
1.36 
1.42 
1.58 

4.94 

Idaho  

4.46 

4.24 

Colorado -.-  . 

.50 
.22 
.31 
.17 

4.93 
2.85 
2.49 
3.65 

5.25 

3.95 

\rizona                 -  --      - 

3.40 

Utah 

4.67 

Nevada 

4.58 

M^ountain                                     

38 

.34 

4.02 

149 

1.55 

4.74 

Washington 

16 

9 

62 

.35 
.11 
.22 

4.41 
3.19 
4.28 

41 
28 
38 

1.35 
1.36 
1.47 

4.95 

4.21 

5.01 

Pacific 

87 

.23 

4.19 

107 

1.40 

4.78 

United  States      

1,150 

.24 

3.27 

2,225 

1.35 

4.66 

50 
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Table  35. — Average  daily  value  of  perquisites,  and  of  perquisites  plus  wages,  of 
casual  hired  farm  laborers,  boarded  and  not  boarded,  in  certain  types  of  agriculture 
and  agricultural  operations,  in  the  United  States,  1926 


Laborers  not  boarded 

Laborers  boarded 

Type  of  agriculture  and  operation 

Cases 

Average  daily 
value  of— 

Cases 

Average  daily 
value  of— 

Perqui- 
'  sites 

Perqui- 
sites 
plus 

wages 

Perqui- 
sites 

Perqui- 
sites 
plus 

wages 

Market-garden  and  truck  crops 

Number 
27 
47 
141 

78 
40 
41 
19 

120 
62 

258 

Dollars 

0.24 

.20 

.  14 

.30 
.19 
.46 
.20 
.20 
.20 
.29 

Dollars 
3.41 
3.78 
3.82 

4.41 
3.67 
3.32 
3.53 
3.41 
4.49 
2.22 

Number 
13 
9 
49 

354 
97 

205 
98 

299 
59 
94 

Dollars 
1.52 
1.58 
1.50 

1.47 
1.07 
1.45 
1.40 
1.26 
1.27 
1.08 

Dollars 
4.98 

4.46 

6. 16 

Grain  and  field  crops: 

5.99 

Corn  ensiling      

4.21 

Wheat  harvest 

5.07 

4.86 

Haying  and  baling  hay 

4.  12 

4.68 

Cotton  picking 

2.96 

All  grain  and  field  crops  '  .-  

926 

.28 

3.15 

2,136 

1.35 

4.65 

Livestock 

0 

9 

1.25 

6.85 

All  types  2 

1,150 

.24 

3.27 

2,225 

1.35 

4.66 

1  Including  miscellaneous  grain  and  field  crops. 

2  Including  miscellaneous  of  types  not  specified  above. 

When  board  was  not  furnished,  perquisite  values  did  not  average 
over  7  per  cent  of  the  total  remuneration.  When  board  was  given, 
perquisites  averaged  over  a  quarter  of  the  value  of  total  remuneration 
of  casual  farm  laborers  in  every  geographic  division.  There  was  con- 
siderable more  uniformity  in  the  proportionate  values  of  perquisites 
to  total  remuneration  when  board  was  given  than  when  it  was  not. 


PROPORTIONS    OF    TOTAL    CASUAL   LABORERS'    PERQUISITE    VALUES    FORMED    BY 

CERTAIN  ITEMS 

The  two  specific  items  of  outstanding  value  among  most  casual 
farm  laborers'  total  perquisites  are  lodging  and  board.  The  former 
makes  up  one-fourth  and  the  latter  three-fifths  of  perquisite  values 
reported.  (Table  36.)  No  other  item  amounts  to  more  than  3  per 
cent  of  average  total  values,  though  some  have  considerable  value 
locally  or  among  certain  classes  of  laborers. 

Table  36. — Percentage  which  specific  perquisites  form  of  casual  hired  farm  laborers'' 
total  perquisite  values,  by  type  of  lodging  provided,  in  the  United  States,  1926 


Perquisites 


number 

Lodging 

FueL 

Light 

Washing _ 

Food  other  than  board: 

Produced  on  the  farm 

Not  produced  on  the  farm , 

Board 

Transportation  between  lodging  and  work 

other  use  of  farm  horses  and  vehicles 

Miscellaneous 


No  lodg- 
ing 


1,390 


Per  cent 

0 

1.0 
.2 
.8 

2.0 
.4 
86.8 
4.3 
2.6 
1.9 


Unfur- 
nished 
lodging 


466 


Per  cent 

33.5 

8.7 

.9 

1.3 

lao 

1.9 
34.6 
2.8 
4.9 
1.4 


Fur- 
nished 
lodging 


Percent 

28.8 

1.8 

1.2 

3.1 

LO 
.3 
6a2 
LO 
2.2 
0 


AU 
laborers 


3,294 


Percent 

25.5 

2.7 

1.0 

24 

26 
.6 

L8 
27 
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The  relationships  of  these  perquisite  values  vary  somewhat  accord- 
ing to  provision  for  lodging.  On  the  whole,  board  is  the  item  carrying 
largest  proportions  of  values,  and  in  all  parts  of  the  country  it  is  the 
principal  item  in  case  of  those  given  no  lodging  and  of  those  provided 
furnished  lodging.  In  the  case  of  casuals  who  were  provided  unfur- 
nished lodging,  board  was  displaced  as  the  high-value  item  every- 
where except  in  the  West  North  Central  and  the  far  Western  States. 

In  the  case  of  those  casuals  given  no  lodging,  board  formed  S5  per 
cent  or  more  of  their  low  perquisite  allowances,  except  in  the  South 
Central  States  where  it  averaged  under  70  per  cent.  In  that  section 
transportation  and  use  of  farm  horses,  vehicles,  and  tools  assumed 
unusual,  though  low,  relative  importance. 

Casuals  provided  unfurnished  lodging  received  one-third  of  their 
perquisite  values  as  board  and  a  like  amount  as  lodging,  considering 
the  country  as  a  whole.  Lodging  is  the  item  of  greater  value  except 
in  the  West  North  Central  and  far  Western  States.  In  addition, 
fuel  assumes  some  importance  as  a  perquisite  for  those  laborers  in 
the  North  Atlantic,  South  Atlantic,  and  South  Central  States.  Food- 
stuffs— mostly  those  produced  on  the  employers'  farms — have  similar 
standing  except  in  the  Middle  Atlantic  and  far  Western  States. 

Casual  hired  farm  laborers  who  are  provided  with  furnished  lodging 
received  three-fifths  of  their  perquisite  values  as  board,  and  one- 
fourth  as  lodging.  Board  stood  highest  in  proportionate  value  all 
over  the  country. 

Casual  laborers  who  are  given  lodging  fare  decidedly  better  in 
perquisite  values  than  do  those  who  receive  none.  (Table  37.) 
Those  casuals  who  were  provided  no  lodging  received  comparatively 
low  daily  value  compared  with  other  laborers;  on  the  other  hand, 
they  probably  fared  better  than  the  others  in  the  wages  received. 

Table  37. — Average  daily  total  value  of  perquisites  of  casual  hired  farm  laborers 
according  to  type  of  lodging  provided,  by  geographic  divisions ^  1926  i 


Geographic  division 

No  lodg- 
ing 

Unfur- 
nished 
lodging 

Fur- 
nished 
lodging 

All 
laborers 

New  England 

Dollars 
0.15 
.51 
.40 
.51 
.28 
.20 
.26 
.43 
.46 

Dollars 
1.01 
1.19 
1.22 
1.37 
.87 
.91 
.88 
1.33 
1.14 

Dollars 
1.66 
1.61 
1.53 
1.56 
1.19 
1.24 
1.44 
1.61 
1.54 

Dollars 
0.61 

Middle  Atlantic 

.93 

East  North  Central 

.98 

West  North  Central 

1.32 

South  Atlantic                                        

.59 

East  South  Central                  -      

.64 

West  South  Central                                    -    --  -    - 

.76 

Mountain                                                                          ...--- 

1.30 

Pacific                                         -  --- 

.88 

United  States        .          

.36 

1.09 

1.53 

.97 

1  Includes  all  laborers  for  whom  type  of  lodging  and  complete  reports   concerning  perquisites  were 
obtained,  whether  or  not  they  were  actually  given  any  perquisites. 

About  42  per  cent  of  casual  hired  farm  laborers  were  reported  as 
provided  with  no  lodging;  14  per  cent  were  given  unfurnished  lodging; 
44  per  cent  were  given  furnished  lodging.  The  first  two  groups  were 
each  given  one-sixth,  and  the  last  group  two-thirds  of  total  perquisite 
values.     (Table  38.) 
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Table  38. — Percentage  of  total  perquisite  values  given  casual  hired  farm  laborers, 
by  type  of  lodging  provided,  by  geographic  divisions,  1926 


Geographic  division 

No 

lodging 

Unfur- 
nished 
lodging 

Fur- 
nished 
lodging 

Geographic  division 

No 
lodging 

Unfur- 
nished 
lodging 

Fur- 
nished 
lodging 

New  England 

Per  cent 
17.1 
30.6 
18.7 
7.7 
28.0 
21.9 

Per  cent 
7.6 
8.4 
9.9 
11.3 
35.2 
37.2 

Per  cent 
75.3 
61.0 
71.4 
81.0 
36.8 
40.9 

West  South  Central 

Mountain 

Per  cent 
15.3 
8.0 
26.1 

Per  cent 
31.7 
14.9 
27.9 

Per  cent 
63 

Middle  Atlantic.    .  . 

77  1 

East  North  Central 

Pacific 

46.0 

West  North  fpntral 

United  States 

South  Atlantic 

15.6 

16.8 

68  6 

East  South  Central 

PROPORTIONS  OF  TOTAL   REMUNERATION  OF  CASUAL  LABORERS  FORMED  BY 

PERQUISITES 

Casual  hired  farm  laborers'  perquisites  form  nearly  one-fourth  of 
the  total  value  of  remuneration  ^iven  them  by  farmers.  The  relative 
importance  and  local  practices  in  perquisite  giving  are  reflected  in 
the  varying  proportions  among  the  geographic  divisions,  running 
from  the  low  point  of  one-eighth  in  New  England  to  over  one-fourth 
in  the  West  North  Central  and  Mountain  States.  (Table  39  and 
fig.  6.)  Board  is  the  item  of  highest  value  among  perquisites  in  all 
parts  of  the  country.  Lodging  stands  next,  but  much  lower.  No  other 
item  forms  more  than  1  per  cent  of  the  average  total  remuneration. 

Table  39. — Percentages  of  total  remuneration  of  casual  hired  farm  laborers  formed 
by  ea^h  perquisite  and  by  wages,  by  geographic  divisions,  1926 


Perquisites 


Lodging: 

Furnished 

Unfurnished 

Fuel 

Light 

Washing 

Food    other    than 
board: 
Produced  on  farm 
Not  produced  on 

farm 

Board 

Transportation     to 

and  from  work 

Other  use  of  farm 
horses  and  vehicles 

Miscellaneous 

Wiiges 


New 
Eng- 
land 


Per  cent 
2.51 
.35 
.62 
.23 
.36 


.07 
8.26 

.17 

.52 

.22 

86.19 


Middle 
Atlan- 
tic 


Per  cent 
3.45 
.65 
.36 
.16 
.57 


.51 

.04 
13.69 

.20 

.30 

.40 

79.77 


East 
North 
Central 


Per  cent 
4.63 
.84 
.43 
.19 
.65 


.67 

.04 
13.42 

.19 

.37 

.19 

78.38 


West 
North 
Central 


Per  cent 
6.31 
.96 
.38 
.32 
.75 


.35 


.24 
16.56 


.27 


.11 
73.16 


South 
Atlan- 
tic 


Per  cent 
2.34 
2.74 
1.42 
.13 
.25 


1.30 

.13 
10.91 

LOO 

LOO 
.04 

78.74 


East 
South 
Central 


Per  cent 
2.82 
2.55 
L44 

"       .17 


.22 

9.18 


L87 
.22 

78.22 


West 
South 
Central 


Per  cetit 

4.11 

2.87 

L12 

.07 

.54 


.10 
11.90 

.96 

1.17 

.49 

75.66 


Moun- 
tain 


Per  cent 

6.01 

L19 

LOS 

.34 

.45 


.37 


17.60 
.64 


.20 
71.64 


Pacific 


Per  cent 
2.83 
L93 
.77 
.19 
.14 


.41 


.12 
12.26 


.35 

.06 

80.65 


United 
States 


Per  cent 
4.66 
L28 
.64 
.24 
.67 


.62 

.14 
14.12 

.42 

.64 

.19 

76.48 


SUMMARY   AND   COMPARISONS 

Perquisites  or  privileges  of  value  are  given  to  97.5  per  cent  of  non- 
casual  hired  farm  laborers,  but  are  given  to  only  85.5  per  cent  of  the 
casual  farm  laborers.  In  the  former  case  perquisite  values  reported 
in  this  study  formed  39.5  per  cent,  and  in  the  latter,  23.3  per  cent  of 
total  remuneration. 

Noncasual  farm  laborers  in  their  steadier  employment  receive  lower 
average  daily  wages  ($1.55  based  on  a  30-day  month)  and  perquisite 
values  ($1.01)  than  do  casual  laborers  per  day  they  work  ($3.18  and 
$1.27  respectively).  But  the  casual  laborers'  average  earnings  per 
month  for  the  season  are  decidedly  lowered  by  their  periods  of  un- 
employment.    No  comprehensive  measure  has  ever  been  made  of 
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such  idleness  or  the  expense  of  seeking  new  employment  among  agri- 
cultural casual  laborers,  so  their  average  earnings  per  day  for  the 
season  can  not  be  calculated. 

Board  was  given  to  50.5  per  cent  of  noncasual  laborers,  and  to  74.1 
per  cent  of  casual  laborers.  Lodging  was  provided  for  74.3  per  cent 
of  the  former  (loom  for  32.9  per  cent  and  house  for  41.4  per  cent). 
Lodging  was  given  to  61.7  per  cent  of  casual  laborers  (unfurnished 
for  15.5  per  cent,  furnished  for  46.2  per  cent  of  the  laborers). 

The  other  groups  of  perquisites  given  noncasual  hired  farm  laborers 
and  the  percentages  of  laborers  receiving  them  were:  Dairy  and  poultry 
products,  27.3  per  cent;  meats  or  meat  products,  16.1  per  cent; 
flour  or  meal,  5.6  per  cent;  vegetables  and  fruit,  25.4  per  cent;  mis- 
cellaneous foods,  3.1  per  cent;  privilege  of  keeping  some  kind  of  live- 
stock, 56.3  per  cent;  feed  for  livestock,  28  per  cent;  pasturage  or  range 
for  livestock,  29.2  per  cent;  garden  space,  48.1  per  cent;  garage 
space,  58.4  per  cent;  use  of  employers'  horses  or  mules,  59.4  per  cent; 
use  of  tools  and  vehicles,  57.6  per  cent;  miscellaneous,  23.6  per  cent. 

Similarly,  the  remaining  perquisites  given  to  casual  hired  farm 
laborers,  and  the  percentage  of  laborers  receiving  them,  were:  Fuel, 
18.3  per  cent;  light,  14.6  per  cent;  foods  (other  than  board)  produced 
on  the  farm,  8.4  per  cent;  foodstuffs  (other  than  board)  not  produced 
on  the  farm,  1.4  per  cent;  transportation  between  lodging  and  working 
place,  12.9  per  cent;  other  use  of  horses,  mules,  and  vehicles,  11.8  per 
cent;  miscellaneous,  3.3  per  cent. 

Although  average  total  values  are  close  there  are  distinct  differences 
in  the  character  of  perquisites  given  unmarried  and  married  non- 
casual  farm  laborers.  Percentages  of  each  group  that  received  some 
perquisite  in  the  more  common  perquisite  groups  follow:  Board, 
including  room  and  washing,  to  90.1  per  cent  of  unmarried  laborers 
to  16.9  per  cent  of  the  married;  shelter  (including  house  and  fuel),  to 
3.9  per  cent  of  the  unmarried;  to  the  married,  82.4  per  cent;  dairy  and 
poultry  products,  to  the  immarried,  1.7  per  cent;  to  the  married,  49.8 
per  cent;  vegetables  and  fruit,  to  the  unmarried,  2.6  per  cent;  to  the 
married,  45.1  per  cent;  privilege  of  keeping  some  kind  of  livestock,  to 
the  unmarried,  13.6  per  cent;  to  the  married,  76.6  per  cent;  use  of 
employers'  horses  or  mules,  to  the  unmarried,  32  per  cent;  to  the 
married,  82.5  per  cent;  use  of  employers'  tools  or  vehicles,  to  the  un- 
married, 33.2  per  cent;  to  the  married,  78.7  per  cent;  garage  space, 
to  the  unmarried,  48.4  per  cent;  to  the  married,  66.9  per  cent;  garden 
space,  to  the  unmarried,  5.4  per  cent;  to  the  married,  84.9  per  cent. 

Board  is  the  most  valuable  as  well  as  the  most  commonly  given 
perquisite  for  casual  or  noncasual  farm  laborers.  It  constituted 
16.2  per  cent  of  the  total  remuneration  for  noncasual  laborers,  and 
for  casual  laborers,  14.1  per  cent.  Lodging  stands  next  for  each 
group.  In  the  former,  house  made  up  4.1  per  cent  and  room  3.1 
per  cent  of  the  total.  In  the  latter  case,  lodging  (of  aU  kinds)  was 
5.9  per  cent  of  entire  remimeration.  No  other  perquisite  amounted 
to  over  2.3  per  cent  of  total  remuneration  of  noncasual  laborere,  or 
to  over  two-thirds  of  1  per  cent  for  casual  laborers. 

The  practice  of  paying  higher  wages  to  laborers  on  farms  as  their 
length  of  service  increases,  or  as  the  size  of  their  families  (and  conse- 
quent need)  increases,  have  very  limited  application  on  American 
farms. 
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The  data  presented  in  this  study  demonstrate  that  the  simple 
quoting  of  wage  rates  with  or  without  board  does  not  tell  the  whole 
story  of  total  values  of  remuneration  of  farm  laborers.  The  addition 
of  perquisite  values  to  wage  rates  reported  in  this  study  raises  the 
figures  for  total  remuneration  of  boarded  noncasual  farm  laborers  to 
179  per  cent,  and  of  those  not  boarded,  to  151  per  cent  of  the  money 
wage  averages.  For  casual  laborers  the  respective  percentages  are 
141  and  108. 

Inclusion  of  fairly  comprehensive  perquisite  data  with  the  farm- 
wage  data  that  are  published  periodically  by  this  department  would 
doubtless  produce  much  higher  quotations  as  to  actual  farm  wages. 
Obviously,  it  would  be  unnecessary  and  impracticable  to  do  this 
quarterly,  but  a  periodic  study  of  perquisites  given  farm  laborers, 
their  frequency  and  values  would  be  useful. 

The  study  also  shows  that  real  wages  of  American  farm  laborers  are 
higher  than  are  commonly  quoted  or  believed,  even  when  perquisites 
are  reckoned  at  farm  values.  Real  farm  wages  are  here  shown  to 
equal  or  to  exceed  the  average  full-time  and  actual  earnings  of  common 
laborers  in  some  representative  industries.  If,  in  reckoning  their 
value  the  farm  perquisites  were  to  be  assigned  city  values,  the  com- 
parative showing  of  real  farm  wages  would  be  decidedly  better. 


APPENDIX    A 

QUESTIONNAIRE    ON    ALLOWANCES    GIVEN    NONCASUAL    HIRED    FARM    LABORERS 

INSTRUCTIONS. — Please  answer  the  questions  below  for  one  hired  man  only.  If  you  hired  more  than 
one  man,  report  for  one  who  received  allowances  and  privileges  which  are  ordinarily  given  hired  men  in 
your  neighborhoed.  Report,  if  possible,  for  a  man  hired  to  stay  for  a  year,  or  otherwise,  for  one  hired  for  the 
season.    Use  a  cipher  (0)  when  the  answer  is  "None"  or  "Nothing." 

1.  When  you  hired  the  man  did  you  expect  him  to  work  for  you  for  a  year? 

2.  What  average  cash  wages  did  you  pay  him  per  month  in  1925?    $ 

3.  Is  he  married? 

4.  How  many  persons  were  dependent  upon  him  for  support? 

6.  For  how  many  months  in  1925  did  the  man  work  for  you? 

6.  How  long  has  the  man  been  employed  on  your  farm? 

Answer  below  concerning  the  allowances  and  privileges  which  you  furnished  (or  for  which  you  paid)  for 
the  man  in  1925. 


7.  Name  o  allowance 


Average  quantity  given 


Board 

Room  rent 

Washing 

House  rent 

If  the  man  was  furnished  a  house,  but  had  to  pay  any  rent  for 


Average  value  or  cost  at  the  farm 


Dollars 


Cents 


Wood. 


Coal 

Gas 

Electricity 

Milk 

Butter 

Eggs 

Chickens 

Pork,  ham,  and  bacon 

Lard 

Beef 

Other  meats 

Flour 

Meal 

Potatoes  (Irish  or  sweet)  or 
yams. 


cords  (4x4x8  feet)  per 
month, 
tons  per  month, 
cubic  feet  per  month, 
kilowatt-hours  per  month, 
quarts  per  day. 
pounds  per  month, 
dozen  per  month, 
chickens  per  month, 
pounds  per  month, 
pounds  per  month, 
pounds  per  month, 
pounds  per  month, 
pounds  per  month, 
pounds  per  month. 

bushels  per  month. 


--.  per  month. 

---  per  month. 

per  month. 

per  month. 

it,  put  a  cross  (X)  in  this  space 
I I per  cord. 


n 


All  other  vegetables  (estimate  their  total  value  per  month) 

Apples I bushels  per  month. 

All  other  fruits  (estimate  their  total  value  per  month). 


per  ton. 

per  1,000  cubic  feet. 

per  kilowatt-hour. 

per  quart. 

per  povmd. 

per  dozen. 

per  chicken. 

per  pound. 

per  pound. 

per  pound. 

I)er  pound. 

per  pound. 

per  pound. 

per  bushel, 
per  month, 
per  bushel, 
per  month. 
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Name  otherjprincipal  food 
supplies  furnished 


Average  quantity  furnished  per 
month 


Estimated  total  value 


Dollars 


Cents 


Other  food  supplies  of  less  value  (estimate  their  total  value  per 
month) - - 


per  month, 
per  month, 
per  month. 

per  month. 


8.  Were  you  willing  for  the  man  to  keep  on  the  farm  any  of  the  following  animals  if  he  owned  them? 

(Answer  Yes  or  No.):  Chickens? ;  pigs? ;  cows? ;  horses  or  mules? 

9.  If  you  were  willing,  how  many  of  each  of  the  following  did  the  man  keep  on  your  farm?  Chickens? 
;  pigs? .;  cows? ..;  horses  or  mules? 

10.  What  was  the  average  value  per  month  at  the  farm  of  the  feed  you  furnished  for  the  man's  chickens? 
$... ;  the  man's  pigs?  $ ;  the  man's  cows?  $ ;  the  man's  mules  or  horses?  $ 

11.  What  was  the  average  value  per  month  of  pasturage  or  range  you  furnished  for  the  man's  chickens? 
$ ;  the  man's  pigs?  $ ;  the  man's  cows?  $ ;  the  man's  mules  or  horses?  $ 

12.  How  much  garden  space  was  the  man  allowed? acre. 

13.  Did  you  allow  the  man  any  use  of  your  horses  or  mules?  (Answer  Yes  or  No.) If  so,  what 

do  you  estimate  was  the  average  value  per  month  to  the  man  of  such  horse  or  mule  labor?  $ 

per  month. 

14.  Did  the  man  have  the  use  of  any  of  the  farm  tools  and  vehicles  on  the  farm  or  on  the  road  in  1926? 

(Answer  Yes  or  No.) 

15.  How  much  would  he  have  had  to  pay  if  he  had  had  to  hire  them?    $ average  per  month. 

16.  Was  the  man  allowed  garage  space  for  his  automobile  if  he  owned  one?    (Answer  Yes  or  No.) 

17.  Name  other  privileges  the  man  received  in  1925: 

Average  value  per  month?    $ per  month 

Average  value  per  month?    $ per  month 

APPENDIX   B 

QUESTIONNAIRE  ON  ALLOWANCES  GIVEN  CASUAL  HIRED  FARM  LABORERS 

Instructions.— These  questions  are  about  farm  hands  who  are  usually  hired  for  a  short  time  for  harvest 
or  other  rush  work  each  year  on  farms  (or  ranches  or  plantations)  in  your  vicinity.  The  work  they  do  is, 
for  example,  harvesting  grain,  threshing,  gathering  truck  crops,  picking  or  packing  fruit,  chopping  or  pick- 
ing cotton,  shearing  sheep,  etc.;  in  harvesting  and  threshing  small  grains  it  includes  such  jobs  as  shockei, 
binder  driver,  stacker,  teamster,  feeder,  separator  man,  sack  sewer,  tractor  driver,  cook,  etc. 

Do  not  consider  persons  or  children  who  can  not  do  a  grown  person's  work  at  the  job  for  which  you  will 
give  information. 


1.  What  are  the  principal  harvest  or  rush  jobs  for  which  farmers  in  your  vicinity  hire  help,  and  on  which 
the  farm  hands  work  full  days?    (Give  the  name  of  the  job  and  the  crop  on  which  the  work  is  done.) 


2.  About  which  job  in  your  answer  to  Question  1  are  you 
reporting  in  answering  the  questions  on  this  sheet?  .. 


Note.— In  answering  Questions  3  to  8,  please  tell  the  average  or  usual  practices  or  conditions  in 
your  vicinity  for  the  work  named  in  answering  Question  2. 


3.  How  long  can  a  farm  hand  usually  find  such  work  in 

your  vicinity  for  the  same  or  different  farmers?    Months? Weeks?. 


Days?. 


How  many  full  days  a  week  does  the  farm  hand  usually  work  during  this  time? 
(Do  not  count  days  lost  because  of  bad  weather,  crop  conditions,  and  other  causes.). 


5.  What  is  the  average  length  of  his 

job  at  this  work  on  a  single  farm?    Months? Weeks?.. 

0.  What  is  the  way  in  which  cash  wages  are  usually  reckoned  for  this 
work?  (For  example,  by  piece  work,  such  m  by  the  (juart,  bar- 
rel, pound,  etc.;  by  the  hour  or  day;  by  contract  per  acre,  etc.)  .- 


Days?. 
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7.  What  was  the  average  rate  of  cash  payment  in  1926  by  the  method  you  named  in  answering  Question  6? 

$- 

8.  What  do  you  estimate  were  the  farm  hand's  average  cash  earnings  per  day  he  worked  at  that  work? 

$ 

Note.— Questions  9  and  10  are  about  a  farm  hand  whom  you  (or  another  farmer)  hired  in  1926. 

9.  Answer  below  concerning  the  allowances  or  privileges  which  you  (or  another  farmer)  gave  or  paid  for 

in  addition  to  the  cash  wagesi  given  a  farm  hand  at  the  job  you  named  in  answer  to  Question  2. 


NAME  OF  ALLOWANCE  OR  PRIVILEGE 

What  was  the  average  value  or 
cost  at  the  farm  of  that  allow- 
ance or  privilege?    (Give  the 
value  per  day  or  per  week, 
whichever  is  easier  for  you. 
Be  sure  to  use  the  proper  col- 
umn.) 

Per  day 

Per  week 

Lodging  (answer  either  (a)  or  (6),  but  not  both): 

(a)  Use  of  unfurnished  room,  house,  cabin,  tent,  bunk,  etc 

$ 

$ 

Fuel  (wood,  coal,  kerosene  (coal  oil),  etcO-                               

liight 

Washing  (of  clothing)               - . -  - 

Foods  (do  not  include  table  board): 

Not  grown  or  made  on  the  farm 

Table  board: 

Transportation  between  work  and  farm  hand's  home  or  lodging  place 

Name  below  other  allowances  or  privileges  given: 

10.  Where  did  the  farm  hand  for  whom  you  reported  in  Question  9  come  from  to  the  job?    Put  a  cross  in 
the  square  at  the  right  of  the  proper  answer. 

He  was  living  on  this  farm.D  He  came  from  not  over  10  miles  away.D 

He  was  living  in  the  vicinity  of  this  He  came  from  over  10  miles  away.D 

farm.D 
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INTRODUCTION 


The  areas  of  peat  land  in  the  United  States,  of  which  approxi- 
mately 100,000,000  acres  are  estimated  to  be  of  potential  economic 
importance  to  industry  or  agriculture,  have  not  been  classified  on  a 
basis  of  physical  and  chemical  characteristics  as  have  the  normal 
mineral  soils,  and  only  fragmentary  data  are  at  present  available 
concerning  these  properties. 

Attempts  have  been  made  to  distinguish  between  different  types 
according  to  botanical  origin  of  the  peat  material,  according  to 
certain  chemical  analyses,  and  according  to  response  to  liming  and 
fertilization.  These  very  different  characteristics  have  proved  more 
or  less  satisfactory  for  segregating  different  peats  in  restricted 
localities,  but  they  do  not  appear  to  be  entirely  suitable  for  a  general 
classification  or  knowledge  of  important  physical  and  chemical 
properties. 

A  survey  of  the  literature  on  peat  reveals  an  enormous  mass  of 
data  dealing  with  a  wide  variety  of  phases  of  the  subject,  most  of 
which,  however,  pertain  to  elementary  and  proximate  analyses  and 
thermal  values  (33),^  inorganic  constituents,  reaction,  and  less  fre- 
quently such  fractions  as  the  ether  or  alcohol  soluble  material  {17, 
18)  of  peat  found  in  various  deposits.  A  few  investigators  have 
identified  certain  definite  complexes  {26^  IJf^  30^  31)  in  the  organic 
matter,  and  others  have  investigated  the  nature  of  the  so-called 
humic  acids  (iJ,  20^  21),  which  has  given  rise  to  confusion. 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  24. 
9895°— 80 1 
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Previous  investigations  of  the  physical  and  chemical  nature  of 
the  organic  matter  of  peat  have  in  reality  yielded  little  information. 
Furthermore,  future  progress  along  this  line  of  research  must  of 
necessity  be  slow  on  account  of  the  great  complexity  of  such  a  mass 
of  partly  decayed  vegetable  matter  as  is  found  in  peat.  Certain 
advances,  however,  have  recently  been  made  by  Dachnowski  (3), 
Oden  and  Lindberg  (^^),  Waksman  and  Stevens  (38)^  and  Thiessen 
and  Johnson  (34).  These  investigations  represent  attempts  made 
for  the  most  part  to  adapt  methods  used  in  the  analysis  of  plant 
materials  to  the  organic  analysis  of  peat. 

Considerable  is  known  concerning  the  botanical  origin  and  com- 
position of  many  peat  deposits,  but  these  facts  alone  can  provide 
only  a  limited  knowledge  of  the  physical  and  chemical  character- 
istics of  peat  profiles,  since  processes  of  decay  have  greatly  altered 
the  original  properties  of  the  plant  material. 

An  excellent  historical  resume  of  the  chemistry  of  peat,  which 
clearly  indicates  the  necessity  for  extensive  and  systematic  research, 
is  given  by  Waksman  (36,  38). 

In  general  it  is  difficult  to  make  comparisons  between  the  various 
areas  of  peat  because  of  the  lack  of  uniformity  in  the  methods  of 
examination  employed  and  because  the  available  data  are  incomplete. 
Analyses  have  been  made  in  most  cases  on  samples  from  a  single 
deposit  or  on  one  or  more  strata  of  a  deposit. 

It  seemed  worth  while,  therefore,  to  undertake  a  preliminary 
investigation  of  a  fundamental  character  dealing  with  the  general 
properties  of  various  peats,  using  uniform  methods  of  examination 
throughout.  The  object  of  the  present  study  has  been  to  determine 
the  physical  and  chemical  characteristics  not  only  of  the  surface 
layers  but  also  of  the  complete  profiles,  where  such  were  obtained, 
with  the  double  purpose  of  ascertaining  the  range  of  properties 
between  several  different  deposits  and  also  how  these  properties 
vary  with  depth  and  therefore,  at  least  roughly,  with  the  age  of  the 
material.  Such  a  survey  was  expected  to  serve  as  a  contribution  to 
the  knowledge  of  fundamental  similarities  and  differences  between 
various  peat  areas,  at  present  distinguished  for  the  most  part  by  the 
predominating  type  of  vegetation  or  geographical  location,  and  also 
to  serve  as  a  basis  for  more  extensive  investigations  along  those  lines 
having  a  more  practical  application  to  agriculture. 

DESCRIPTION  OF  SAMPLES 

The  samples  used  in  the  present  study  were  collected  by  A.  P. 
Dachnowski-Stokes  of  this  bureau  and  are  from  areas  in  the  States 
of  Maine,  North  Carolina,  Florida,  and  Washington.  These  areas 
have  been  described  in  considerable  detail  in  recent  publications  (5, 
^,  7,  <5) .     The  samples  collected  are  briefly  described  as  follows : 

Orono,  Me. :  Profile  section  from  approximately  2^^  miles  south- 
west of  town  (5). 

(1)  3  to  6  inches:  Light  yellow-brown  fibrous  and  spongy  sphagnum  peat, 

poorly  decomposed. 

(2)  6  to  9  Inches:  Slightly  darker  sphagnum  peat,  iM)()rly  decomposed. 

(3)  9  to  12  inches:  Light-brown  sphagnum  peat,  poorly  decomposed. 

(4)  2  to  3  feet:  Similar  in  appearance  to  layer  above. 

(5)  8  to  4  feet:  Brown  sphagnum  peat,  poorly  decomposed. 

(6)  10  to  11  feet :  Dark-brown  woody  peat,  partly  decomposed. 
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Cherryfield,  Me. :  Profile  section  from  about  18  miles  northwest 
of  town  (o). 

(1)  2  to  4  inches :  Light-brown  spongy  sphagnum  peat,  poorly  decomposed. 

(2)  5  to  8  inches:  Light  reddish-brown  sphagnum  peat,  slightly  decom- 

posed. 

(3)  8  to  12  inches:  Similar  in  color,  somewhat  firmer,  partly  decomposed. 

(4)  12  to  18  inches:  Dark-brown  sphagnum  peat  with  traces  of  coarse 

and  fine  woody  particles,  partly  decomposed. 

(5)  The  remainder  of  this  profile  was  not  obtained.     The  total  depth  of 

the  deposit  is  about  22  feet. 

Beaufort,  N.  C. :  Profile  section  from  vicinity  of  Buck  Head 
Lodge  (8). 

(1)  0  to  3  inches:   Reddish-brown  to   dark-brown   largely   decomposed 

woody  debris  from  heath  shrubs  embedded  in  a  dense  network  of 
rootlets. 

(2)  3  to  6  inches:  Reddish -brown  to  dark-brown  woody  material  largely 

decomposed,  containing  well-preserved  roots  and  underground  stems 
of  heath  shrubs. 

(3)  6  to  9  inches:  Similar  to  layer  above. 

(4)  9  to  12  inches:  Same  but  darker  brown,  finely  divided. 

(5)  12  to  15  inches:  Dark-brown  to  black,  with  sticky,  amorphous  sedi- 

mentary admixture. 

(6)  15  to  18  inches:  Similar  to  layer  above. 

(7)  24  to  30  inches:  Yellowish-brown  finely  divided  sedimentary  peat. 

(8)  37  to  42  inches:  Yellow-brown  woody,  partly  decomposed  white-cedar 

forest  peat. 

Belle  Glade,  Fla. :  Profile  section  from  the  Brown  plantation 
about  15  miles  southeast  of  Lake  Okeechobee  on  the  Hillsborough 
Canal  (6). 

(1)  0  to  4  inches:  Blackish-brown  partly  carbonized,  granular  to  pow- 

dery, partly  decomposed,  dry  saw-grass  peat. 

(2)  4  to  6  inches:  Dark-brown  partly  decomposed  saw-grass  peat. 

(3)  32  inches:  Black  fairly  compact  sedimentary  material  with  embedded 

brown  fibrous  saw-grass  plant  remains. 

(4)  49  inches :  Dark -brown  fibrous  saw-grass  peat  with  small  amounts 

of  black  sedimentary  admixture. 

(5)  63  inches:  Similar  in  appearance,  partly  decomposed  saw-grass  peat 

with  sedimentary  admixture. 

(6)  94  to  9G  inches:  Similar,  partly  decomposed  saw-grass  peat. 

Miami  Canal  at  Lake  Okeechobee,  Fla.:  Profile  section  from 
vicinity  of  the  Miami  lock  (6). 

(1)  15  to  30   inches:   Black   to   gray-black   amorphous,   granular  sedi- 

mentary (custard-apple)  peat,  largely  decomposed. 

(2)  42  to  48  inches:  Same  but  more  coarsely  lumpy  and  cloddy. 

(3)  62    to    68    inches:    Dark-brown    sedimentary    material    with    large 

amount  of  brown  fibrous  roots  embedded. 

(4)  The  remainder  of  the  profile  was  not  obtained. 

The  top  layer  (0  to  15  inches)  was  contaminated  through  dredging 
operations  near-by  and  was  not  sampled.  The  total  depth  of  the 
deposit  at  this  point  is  15  feet. 

Clewiston,  Fla. :  Profile  section  from  approximately  5i/^  miles 
southwest  of  town  (6) . 

(1)  0  to  4  inches:   Dark-brown  to  black  fibrous  felty  saw-grass  peat 

with  some  carbonized  material. 

(2)  10  to  16  inches:  Dark-brown  fibrous  saw-grass  peat,  partly  decom- 

posed. 

(3)  20  to  26  inches:   Similar  material  but  somewhat  firmer  and  more 

decomposed. 

(4)  30  to  36  inches:  Dark-brown  to  black  partly  fibrous  peat  with  con- 

siderable white  sand  present. 
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Monroe,  Wash. :  Profile  section  from  a  main  excavation  south- 
west of  town  (7). 

(1)  0  to  6  inches:  Light-brown   coarsely  granular  to  powdery   woody 

sedge  peat,  poorly  decomposed. 

(2)  10  to  16  inches:  Brown  herbaceous-sedge  peat  consisting  largely  of 

fibrous  fragments,  poorly  decomposed. 

(3)  18  to  24  Inches:   Dark-brown  tule-sedge  peat,  partly   decomposed. 

(4)  The  remainder  of  the  profile  was  not  obtained.     The  total  depth 

of  the  deposit  is  about  4  feet. 

EXPERIMENTAL  METHODS 

METHODS   FOR  DETERMINING  PHYSICAL  PROPERTIES 

The  volume  weight  was  determined  in  the  usual  manner  bv 
weighing  a  core  of  known  volume  taken  in  the  field  and  immedi- 
ately sealed  after  sampling.  A  description  of  the  sampler  used  is 
given  by  Dachnowski- Stokes  (5). 

The  specific  gravity  of  the  peat  in  the  saturated  condition  was 
determined  on  a  portion  of  a  sample  saturated  in  exactly  the  same 
way  as  for  the  maximum  water-holding  capacity  described  below. 
Approximately  10  grams  of  the  material  was  placed  in  a  Hubbard- 
Carmick  straight-walled  picnometer  having  a  wide  mouth,  which 
allows  the  introduction  of  the  saturated  peat  without  danger  of 
squeezing  out  water.  The  stoppered  picnometer  was  then  quickly 
weighed,  filled  with  water,  and  the  specific  gravity  determined  at 
25°  C.  in  the  usual  manner. 

The  absolute  specific  gravity  of  the  dry  peat  was  determined  on 
a  sample  which  had  been  dried  in  an  oven  for  48  hours  at  105°  C. 
Some  difficulty  was  experienced  in  causing  the  material  to  take  up 
water  after  placing  a  weighed  portion  in  the  picnometer.  It  was 
found  best  to  partly  fill  with  water  and  allow  to  stand  for  some  time 
with  frequent  stirring,  followed  by  boiling  under  vacuum.  This 
treatment  was  sufficient  for  all  cases,  some  samples  requiring  rela- 
tively more  time  and  manipulation  than  others. 

The  apparent  specific  gravity  of  the  dry  peat  was  determined  by 
filling  the  picnometer  containing  the  weighed  sample  with  sand  in- 
stead of  water.  The  sand  used  was  fairly  uniformly  graded,  most 
of  it  ranging  in  size  from  0.25  to  1  millimeter,  and  was  well  mixed 
before  use.  The  picnometer  was  filled  with  three  layers,  and  each 
layer  packed  by  gently  tapping  on  a  wooden  block  25  times.  After 
the  picnometer  was  completely  filled  the  excess  sand  was  carefully 
scraped  off  even  with  the  top,  with  a  knife,  the  lid  not  being  used. 
The  calibration  was  previously  made  in  the  same  manner,  and  the 
volume  of  the  picnometer  was  determined  by  filling  with  water  and 
covering  the  top  with  a  small  glass  plate  in  order  to  occupy  the 
same  gross  volume  as  that  of  the  sand.  The  weight  of  this  water 
allows  the  calculation  of  the  apparent  specific  gravity  of  the  sand. 
The  weight  of  sand  displaced  by  the  sample  is  converted  to  volume 
which  corresponds  to  the  apparent  volume  of  the  sample,  and  from 
this  its  apparent  specific  gravity  is  readily  calculated. 

The  determination  is  somewhat  difficult  and  not  entirely  satis- 
factory, especially  for  the  more  fibrous  peats.  It  is  best  to  have  the 
dry  sample  core-shaped^  if  possible,  with  a  diameter  slightly  greater 
than  half  that  of  the  picnometer  and  with  a  flat  surface  resting  on 
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the  bottom  of  the  picnometer,  otherwise  it  is  difficult  to  fill  with 
sand  so  that  there  will  be  no  air  pockets.  After  one  determination 
has  been  made  the  result  may  be  checked  by  emptying  the  picnometer 
and  refilling  as  before.  The  accuracy  in  filling  limits  the  weighing 
to  one  or  two  decimal  places. 

For  the  determination  of  the  maximum  moisture-holding  capacity 
as  well  as  for  the  determination  of  its  specific  gravity,  it  is  necessary 
to  have  the  peat  in  its  natural  moist  condition,  and  consequently 
the  sample  jars  must  be  tightly  sealed  in  the  field  to  prevent  evapora- 
tion. If  the  peat  is  allowed  to  dry,  or  even  partly  dry,  water  will 
not  again  be  absorbed  to  the  same  extent  as  before  drying. 

Moisture-equivalent  boxes  were  used  so  that  the  moisture  equiva- 
lent could  be  determined  on  the  same  portion  without  transfer  of 
material.  The  peat  was  placed  in  each  box  to  a  depth  of  approxi- 
mately 1  centimeter  and  allowed  to  stand  in  a  shallow  pan  of  water 
as  in  the  case  of  the  ordinary  procedure  for  soils.  After  about  two 
hours  the  boxes  were  removed  and  allowed  to  drain  overnight  sup- 
ported on  glass  rods  in  a  moist  atmosphere  under  a  bell  jar.  The 
samples  were  weighed  after  the  boxes  had  been  covered  and  the  ex- 
cess water  adhering  to  the  bottom  carefully  wiped  off. 

Immediately  after  the  saturated  samples  were  weighed,  the  mois- 
ture equivalent  was  determined  at  1,000  times  the  force  of  gravity 
in  the  same  manner  as  for  ordinary  soils.  The  boxes  were  again 
weighed,  and  the  peat  was  then  allowed  to  become  air  dry. 

The  maximum  moisture-holding  capacity  and  moisture  equivalent 
determinations  were  repeated  on  the  air-dry  samples  contained  in  the 
moisture-equivalent  boxes.  Longer  time  must,  however,  be  allowed 
for  saturation.  About  seven  hours  was  usually  found  sufficient,  the 
water  being  allowed  to  completely  cover  the  sample.  The  layer  of 
the  air-dry  peat  is  of  course  much  thinner  than  the  layer  of  peat  in 
the  original  condition  and  takes  up  water  readily  in  most  cases. 

After  air-drying  again,  the  samples  were  dried  in  the  oven  for  48 
hours  at  105°  C.  and  all  calculations  based  on  the  oven-dry  weight. 

The  reaction  of  the  peat  was  determined  in  the  fresh  condition 
by  means  of  the  hydrogen  electrode.  A  proportion  of  about  1  part 
of  peat  to  5  parts  of  water  seemed  to  give  the  best  results. 

METHODS    OF    CHEMICAL   ANALYSIS 

The  methods  used  for  the  analysis  of  the  organic  material  are  essen- 
tially those  described  in  detail  by  Waksman  and  Stevens  (S8),  A 
few  modifications  and  additions  were  made  as  follows : 

Ether,  alcohol,  and  water  extractions  were  carried  out  on  a  5-gram 
sample  of  the  air-dry  peat  (2-millimeter  mesh  material)  in  the  order 
named,  the  first  two  in  a  Soxhlet  and  the  latter  under  a  reflux  con- 
denser, 250  cubic  centimeters  of  water  being  used.  The  ether  and 
alcohol  extractions  were  run  for  seven  hours  each  and  the  water 
extraction  for  two  hours,  after  which  the  processes  were  repeated 
for  the  same  respective  periods  of  time.  Such  a  method  of  extrac- 
tion by  alternation  of  solvents  is  probably  more  efficient  on  a  basis  of 
quantity  of  material  extracted  than  a  method  consisting  of  single 
extractions  with  the  same  solvents  as  described  by  Waksman.  The 
extracts  were  evaporated  and  dried  at  105°  C.  to  constant  weight  and 
corrected  for  ash  by  ignition. 
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The  residue  from  the  second  water  extraction  was  dried  and 
weighed,  given  a  2  per  cent  hydrochloric  acid  treatment,  using  150 
cubic  centimeters  of  solution,  and  refluxed  for  five  hours.  The  in- 
soluble material  was  again  dried  and  weighed  to  determine  l?y  dif- 
ference the  material  which  had  gone  into  solution  by  the  acid  treat- 
ment. Hemicelluloses  are  hydrolyzed  by  dilute  acid  and  converted 
into  simple  sugars.  Cellulose  remains  unaffected  and,  according  to 
Schorger  (29),  differs  in  constitution  from  a  hemicellulose  in  that 
the  latter  polysaccharide  may  give  various  hexosans  and  pentosans 
on  hydrolysis,  whereas  the  former  gives  glucose  only  and  requires 
a  much  stronger  acid,  such  as  72  per  cent  sulphuric  acid. 

Ether  and  alcohol  extractions  were  repeated  in  a  Soxhlet  for  14 
hours  each,  after  the  dilute  acid  treatment,  followed  by  another 
drying  and  weighing  of  the  residue.  These  extractions  are  not 
included  in  Waksman's  methods  but  were  added  for  purposes  of 
further  information.  The  remaining  material  was  then  placed  in 
a  beaker  and  treated  with  50  cubic  centimeters  of  72  per  cent  sul- 
phuric acid  in  the  cold  for  18  hours,  diluted  to  800  cubic  centimeters, 
gently  boiled  for  two  hours,  and  filtered.  The  residue  was  weighed 
and  accounted  for  as  "  lignin-humus  complexes  "  after  deductions 
were  made  for  ash  and  protein  (nitrogen  X  6.25)  content.  The  total 
material  soluble  by  the  sulphuric  acid  treatment  was  calculated  by 
difference  as  in  the  case  of  the  hydrochloric  acid  treatment.  The 
strong  acid  was  allowed  to  act  in  the  cold  for  18  hours,  which  is 
recommended  by  Schorger  in  the  determination  of  lignin  in  wood 
as  necessary  for  complete  solution  of  cellulose,  instead  of  only  two 
hours  as  in  Waksman's  methods. 

Nitrogen  determinations  were  made  on  aliquot  portions  of 
the  acid  fractions  and  on  the  final  lignin-humus  residue.  Portions 
of  the  hydrochloric  and  sulphuric  acid  extracts  were  also  analyzed 
for  reducing  sugars,  after  neutralization  with  sodium  hydroxide, 
using  the  official  Munson  and  Walker  method  of  the  Association  of 
Official  Agricultural  Chemists  (^^),  and  results  of  each  were  calcu- 
lated as  hemicelluloses  and  celluloses,  respectively,  by  multiplying 
the  reducing-sugar  content  by  the  factor  0.9.  It  is  not  definitely 
known,  however,  whether  or  not  the  method  of  analysis  for  these 
components,  whose  presence  is  indicated  by  the  formation  of  reduc- 
ing sugars,  ig  entirely  adequate,  but  it  is  assumed  to  be  sufficiently 
so  for  purposes  of  comparison. 

The  proximate  fuel  analyses  were  made  by  a  method  similar  to 
the  standard  method  used  for  coal.  A  crucible  was  filled  about  two- 
thirds  full  of  2-millimeter  mesh  material  and  weighed.  A  fairly 
constant  volume  was  thus  used  instead  of  a  constant  weight  which 
seemed  impractical  in  the  case  of  peat,  because  of  the  great  variation 
in  the  volume  of  a  given  weight  when  dry.  Heating  was  begun  very 
cautiously  with  a  low  flame  to  avoid  too  rapid  evolution  of  the 
volatile  matter  and  consequent  danger  of  loss  of  material.  The 
gentle  heating  (below  dull  redness)  was  continued  for  several  min- 
utes until  the  greater  part  of  the  readily  volatile  matter  had  escaped. 
The  full  regulation  name  was  then  applied  for  seven  minutes,  and 
the  residue  weighed  and  then  ignited  m  a  muffle  furnace  and  heated 
to  constant  weight  at  dull-red  heat.     Calculations  were  made  for 
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volatile  matter,  fixed  carbon,  and  ash  as  in  the  proximate  analysis 
of  coal. 

The  elementary  analysis  for  carbon  and  hydrogen  was  carried  out 
in  the  ordinary  electric  combustion  furnace.  Approximately  0.2 
gram  of  material  was  placed  in  a  porcelain  boat  and  slowly  heated 
to  the  required  temperature  in  a  dry  stream  of  oxygen.  Products 
of  combustion  were  oxidized  by  passage  through  a  hot  plug  of  asbes- 
tos wool,  about  35  centimeters  in  length,  as  a  catalyst.  The  water 
was  absorbed  in  a  Fleming  absorption  bulb  containing  calcium 
chloride  and  phosphorus  pentoxide,  and  the  carbon  dioxide  absorbed 
in  a  similar  bulb  containing  soda-lime  and  phosphorus  pentoxide. 
About  an  hour  and  a  half  was  required  for  the  complete  combustion 
and  sweeping  out  of  the  tube. 

All  nitrogen  determinations  were  carried  out  according  to  the 
official  Gunning-Hibbard  modification  of  the  Kjeldahl  method  except 
that  in  the  case  of  total  nitrogen  determinations  a  few  crystals  of 
potassium  permanganate  were  added  to  the  digestion  flask  about  an 
hour  after  the  mixture  had  become  colorless  from  the  sulphuric  acid 
digestion.  This  insured  a  complete  oxidation  of  the  more  resistant 
peats. 

For  the  analysis  of  the  ash  the  peat  was  ignited  in  a  muffle  fur- 
nace at  dull  redness  to  avoid  loss  of  alkalies  until  the  ash  became 
white  or  all  evidence  of  carbon  had  disappeared.  It  was  then 
ground  to  pass  a  100-mesh  sieve  and  bottled  after  coming  to  an 
approximate  equilibrium  moisture  content  with  that  of  the  air.  It 
is  best  to  make  a  separate  moisture  determination  and  calculate 
results  of  the  analysis  to  the  dry  basis  rather  than  attempt  to  weigh 
the  dry  ash  directly  for  an  analysis. 

Standard  procedures  used  in  the  division  of  soil  chemistry  and 
physics  for  the  analvsis  of  soils  were  employed.  The  constituents 
determined  were:  Si02,  Fefis,  AloOg,  TiOs,  P2O5,  Cap,  MgO,  SO3, 
NaaO,  K2O,  MnO,  and  CO,.  A  division  of  the  silica  was  made 
according  to  its  solubility  in  hydrochloric  acid  and  sodium  carbonate 
in  an  attempt  to  distinguish  between  true  plant  SiOa  and  sand. 
Five-tenths  of  a  gram  of  ash  was  digested  with  150  cubic  centimeters 
of  water  and  10  cubic  centimeters  of  hydrochloric  acid  on  the  steam 
bath  for  a  time  and  filtered.  The  residue  was  treated  with  5  per 
cent  sodium  carbonate  and  boiled  for  five  minutes.  The  solution 
was  filtered,  and  the  two  filtrates  were  combined,  evaporated  to 
dryness,  and  the  silica  was  determined  in  the  regular  manner.  This 
gives  the  soluble  silica,  and  the  insoluble  silica  or  sand  is  determined 
by  difference  from  the  total  silica  in  the  ash. 

RESULTS  OF  PHYSICAL  TESTS 

The  results  of  the  physical  tests  are  given  in  Table  1.  The  volume- 
weight  determinations  are  variable,  and  duplicates  do  not  check 
very  well.  The  values  represent  an  average  of  two  results  for  each 
sample  but  are  probably  of  little  significance,  at  least  for  compara- 
tive purposes,  since  they  are  greatly  influenced  by  the  water  content 
of  the  deposit  sampled. 
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The  apparent  specific  gravity  in  the  saturated  condition  is  always 
greater  than  unity  but  approaches  unity  more  closely  as  moisture- 
holding  capacity  increases.  The  average  value  for  the  Maine  samples 
is  1.016;  for  the  North  Carolina  samples,  1.070;  for  the  Florida  sam- 
ples, 1.108;  and  for  the  Washington  samples,  1.059.  The  correspond- 
ing averages  for  the  absolute  specific  gravity  in  the  oven-dry 
condition  are  1.510,  1.405,'  1.637,  and  1.505.  It  is  obvious  that  an 
abnormally  high  value  of  the  absolute  specific  gravity  indicates  min- 
eral contamination  to  a  considerable  extent. 

The  ability  of  a  peat  to  absorb  water  or  hold  water  may  be  ascribed 
to  five  different  phenomena  according  to  Ostwald  (23).  ^  These  are 
as  follows:  (1)  Water  of  occlusion,  held  in  pores  1  millimeter  or 
more  in  diameter;  (2)  capillary  water;  (3)  colloidally  bound  or 
adsorbed  water;  (4)  osmotically  bound  water;  and  (5)  chemically 
combined  water.  The  maximum  moisture-holding  capacity  repre- 
sents the  total  of  all  forms. 

The  sphagnum  peats  possess  the  greatest  power  to  absorb  water, 
but  this  power  decreases  somewhat  with  the  depth  of  the  deposit. 

The  saw-grass  peats  of  Florida  also  have  fairly  high  moisture- 
holding  capacities  where  the  mineral  content  is  low  and  the  peat 
has  not  already  been  air-dried  before  sampling  as  is  the  case  with 
some  of  the  surface  layers.  The  peat  from  North  Carolina  appears 
to  be  similar  to  the  so-called  custard-apple  peat  taken  from  the 
Miami  Canal  Lock  at  Lake  Okeechobee,  Fla.,  and  the  sedge  peat  from 
Washington  is  similar  to  the  saw-grass  peats.  Columns  1  in  Table 
1,  under  maximum  moisture-holding  capacity  and  moisture  equiv- 
alent, give  the  values  for  peat  in  the  natural  condition  at  time  of 
sampling  and  columns  2  give  values  for  the  material  after  being 
air-dried.  Wherever  the  values  in  the  corresponding  columns  are 
the  same  or  nearly  the  same  it  indicates  that  peat  was  in  the  air-dry 
condition  when  sampled.  This  is  true  of  the  surface  of  the  North 
Carolina  profile,  the  Belle  Glade,  Florida,  profile,  and  the  Washing- 
ton profile.  It  is  interesting  to  compare  the  moisture-holding  capac- 
ities in  the  two  columns  corresponding  to  the  natural  and  to  the  air- 
dry  conditions.  An  average  value  for  the  sphagnum  peats  shows 
that  55  per  cent  of  the  water  which  is  capable  of  being  held  is  taken 
up  again  after  air-drying.  The  average  is  33  per  cent  for  the  heath 
peat  from  North  Carolina,  40  per  cent  for  the  Florida  peats  taken 
collectively,  and  52  per  cent  for  the  sedge  peat  from  Washington. 

The  previously  air-dried  surface  layers  were  not  included  in  the 
averages.  The  capacity  to  regain  the  original  moisture  tends  to 
decrease  with  depth. 

A  greater  length  of  time  is  required  for  a  peat  that  has  been  air- 
dried  to  again  become  saturated  as  already  stated,  but  continued 
soaking  in  water  beyond  the  arbitrarily  prescribed  time  of  about 
seven  hours  has  apparently  no  effect.  Portions  of  the  set  of  samples 
from  Belle  Glade  and  from  Miami  Canal  at  Lake  Okeechobee  were 
soaked  in  water  after  air-drying  as  has  been  described,  and  weighed 
after  being  allowed  to  drain  overnight.  The  soaking  was  then 
immediately  repeated  for  30  hours,  followed  by  draining  and  weigh- 
ing.   No  increase  in  the  moisture-holding  capacity  was  found.    One 
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sample  was  kept  in  water  for  eight  days  additional  to  the  prelimi- 
nary soaking  and  likewise  showed  no  increase  in  weight. 

The  moisture  equivalent,  like  the  maximum  moisture-holding 
capacity,  is  less  for  the  air-dried  sample  than  for  the  sample  in  the 
original  condition.  There  is,  however,  less  difference  between  the 
two  values  for  surface  layers  and  layers  near  the  surface,  as  a  rule, 
than  for  the  deeper  layers.  On  an  average,  the  moisture  equivalent 
of  the  air-dried  sphagnum  peat  is  82  per  cent  of  the  original ;  of  the 
North  Carolina  peat,  38  per  cent;  of  the  Florida  Everglades  peat, 
51  per  cent ;  and  of  the  Washington  peat,  56  per  cent. 

The  maximum  percentage  of  shrinkage  is  calculated  from  the 
values  for  maximum  moisture-holding  capacity  and  the  apparent 
specific  gravity  in  the  oven-dry  condition.  The  following  example 
will  serve  to  demonstrate  the  method  of  calculation : 

Maximum  moisture-holding  capacity  =  3.78  per  cent. 
Apparent  specific  gravity  (saturated)    =  1.162. 
Apparent  specific  gravity  (oven-dry)   =  0.41. 
1. 162 

=  0.243    gram    of    oven-dry    material   in    1    cubic    centimeter    of 

3.  78  +  1  saturated  peat. 

1 

=  4.12  cubic  centimeters  apparent  volume  of  1  gram  of  oven-dry 

0.  243  peat  in  the  saturated  condition. 

'      1 

=  2.44  cubic  centimeters  apparent  volume  of  1  gram  of  oven-dry 

0. 41  peat. 

4. 12—2.  44 

X  100  =  41  per  cent  maximum  shrinkage. 

4.12 

The  results  are  only  approximate  since  the  apparent  specific 
gravity  determinations  of  the  oven-dry  material  are  themselves  only 
approximate,  yet  they  serve  as  a  fair  basis  for  comparison. 

A  method  that  has  previously  been  used  by  McCool  and  Weide- 
mann  {16^  p.  126) ,  consists  of  sampling  a  cubic  section  of  a  deposit. 
Measurements  of  the  dimensions  were  taken  before  and  after  drying, 
and  the  percentage  of  shrinkage  was  calculated.  Such  values  do 
not  necessarily  give  the  maximum  shrinkage  unless  the  peat  is 
saturated  at  the  time  of  sampling,  but  these  investigators  were  able 
to  distinguish  between  horizontal  and  vertical  shrinkage. 

The  sphagnum  peat  from  Maine  and  the  peat  from  North  Carolina 
are  similar  in  reaction  and  were  found  to  be  the  most  acid  of  those 
studied.  The  Everglades  peats  are  less  acid  and,  especially  in  the 
Belle  Glade  profile,  show  a  marked  decrease  in  acidity  with  increas- 
ing depth.  This  is  in  agreement  with  the  results  of  another  investi- 
gator {11^  p.  6) .  The  sedge  peat  from  Washington  occupies  a  more 
or  less  intermediate  position. 

RESULTS  OF  CHEMICAL  ANALYSES 

ORGANIC  CONSTITUENTS 

In  order  to  have  a  true  representation  of  the  relative  chemical 
composition  of  the  different  peats,  it  is  necessary  to  calculate  results 
on  tne  basis  of  100  per  cent  of  the  actual  material  represented  by  the 
component  determined.    Thus,  if  the  percentage  of  carbon  is  deter- 
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mined  in  several  samples  which  range  in  mineral  content  from  2  to 
75  per  cent,  it  is  obvious  that  the  results  will  be  meaningless  unless 
the  mineral  content  is  taken  into  account.  Undoubtedly  a  part  of 
the  mineral  content  is  in  chemical  combination  with  the  organic 
matter.  Nevertheless,  if  its  presence  is  ignored,  since  it  can  not  be 
determined,  better  comparison  of  the  organic  material  in  the  differ- 
ent profiles  is  obtained  than  if  the  comparison  is  attempted  without 
any  elimination.  For  the  purpose  of  studying  the  changes  which 
have  taken  place  in  a  profile  of  a  peat  deposit  and  for  comparing 
different  deposits,  it  is  essential  to  present  corresponding  analyses 
on  as  comparable  a  basis  as  possible. 

The  chemical  composition  of  the  organic  matter  as  indicated  by 
the  various  fractions  and  calculated  to  the  ash-free  material  is 
shown  in  Table  2. 
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The  ether-soluble  fraction  is  greatest  in  the  sphagnum  and  sedge 
peats  with  the  exception  of  two  layers  in  the  North  Carolina  profile 
containing  sedimentary  material.  The  Everglades  peats  are  mark- 
edly low  in  this  constituent.  The  alcohol-soluble  fraction  follows 
practically  the  same  relative  order  of  magnitude,  the  layer  of  the 
North  Carolina  profile  containing  a  sedimentary  admixture  having 
the  highest  solubility.  The  water-soluble  fraction  again  shows  the 
highest  values  for  the  sphagnum  and  sedge  peats,  whereas  the  others 
show  a  fairly  constant  value  except  for  variations  in  the  profiles 
themselves. 

In  general,  it  appears  that  the  ether  and  alcohol  soluble  material 
increases  with  depth,  except  in  the  sedge  and  the  custard-apple  pro- 
files, whereas  the  water-soluble  fraction  tends  to  decrease.  The 
white-cedar  forest  layer  in  the  North  Carolina  profile  is  quite  differ- 
ent from  the  other  layers  in  practically  all  its  constituents,  but  this 
is  to  be  expected  since  the  material  which  contributed  to  its  formation 
is  far  different  from  that  contributing  to  the  layers  above. 

The  sphagnum  peats  contain  the  most  hemicellulose,  while  the  other 
peats  show  little  differences  except  wide  variations  within  the  profiles. 
The  total  hydrochloric  acid  soluble  material  in  general  decreases 
with  depth  and  is  roughly  about  twice  the  hemicellulose  content. 
The  cellulose  and  the  total  material  soluble  by  the  sulphuric  acid 
treatment  also  is  greatest  for  the  sphagnum  peats  and  decreases  with 
depth  in  most  cases.  The  ratio  of  cellulose  content  to  the  total  solu- 
ble in  sulphuric  acid  rapidly  diminishes  in  the  more  decomposed  pro- 
files where  the  cellulose  content  is  small.  A  minimum  value  for  the 
cellulose  is  found  in  the  white-cedar  forest  layer  of  the  North 
Carolina  profile.  In  the  Everglades  peats  the  values  range  between 
1  per  cent  and  4  per  cent.  Waksman  and  Stevens  (39),  however, 
found  some  layers  entirely  free  from  cellulose. 

Repeated  extraction  of  the  peats  with  ether  and  alcohol,  before 
as  well  as  after  treatment  with  acid,  indicates  a  relatively  large  in- 
crease in  the  components  soluble  in  these  solvents  (Table  2).  It  is 
possible,  as  indicated  by  Van  Bemmelen  (^,  p.  113),  that  this  in- 
creased yield  is  due  to  the  formation  of  soluble  complexes  with  the 
acid  employed.  It  seems  more  reasonable,  however,  to  assume  that 
the  material  extracted  is  derived  from  the  interior  structure  of  peat 
and  is  not  removed  by  one  extraction,  however  long  continued,  because 
of  the  semipermeable  ^  nature  of  the  cell  membranes.  The  soluble 
components  can  not  entirely  be  removed  by  extraction  until  after 
removal  of  incrusting  substances  or  disintegration  of  the  cells  by 
acid  treatment.  That  this  is  reasonable  is  indicated  by  the  fact  that 
simple  alternation  of  nonacid  solvents  increases  the  solubility  as  is 
shown  in  Table  3,  in  which  a  second  extraction  by  ether,  alcohol,  and 
water,  without  other  treatment,  is  compared  with  the  first  extraction. 
It  is,  of  course,  true  that  acid  hydrolysis  may  liberate  certain  bases  in 
organic  combination  and  effect  decomposition  of  complexes  of  the 
type  of  glucosides  ard  that  the  resulting  products  are  soluble  in 
ether  or  in  alcohol. 

2  jjq  published  data  on  the  semipermeable  character  of  peat  are  known  to  the  authors, 
but  unpublished  data  now  being  obtained  in  this  laboratory  indicate  tliis  to  be  the  case. 
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Table  3. — Comparison  between  first  and  second  extractions  of  peat  toith  ether, 

alcohol,  and  water 


Location  of  sample 

Second 
ether  ex- 
traction 
as  per- 
centage 
of  first 

Second 
alcohol 
extrac- 
tion as 
percent- 

Second 
water  ex- 
traction 
as  per- 
centage 
of  first 

Maine    .    . 

Per  cent 
10.3 
10.8 
42.5 
16.0 

Per  cent 
35.4 
21.8 
39.8 
23.6 

Per  cent 
75  3 

North  Carolina 

60.3 

Florida  Everglades 

79  0 

Washington 

69  0 

The  analysis  of  the  organic  material  as  carried  out  is  largely  em- 
pirical but  serves  for  purposes  of  comparison.  Such  fractions  as 
ether,  alcohol,  and  water  soluble  material  of  peat  have  not  been 
thoroughly  examined  and  are  largely  of  unknown  composition. 
This  also  applies  to  the  acid  fractions  and  particularly  to  the  lignin- 
humus  complex. 

There  is  still  considerable  doubt  as  to  the  character  of  lignin  as 
found  even  in  natural  plants  and  still  greater  uncertainty  as  to  its 
character  in  peat,  but  it  is  believed  to  have  essentially  an  aromatic 
and  even  phenolic  character  {35),  Part  of  the  lignin  in  peat  as 
determined  by  the  72  per  cent  sulphuric  acid  method  includes  at 
least  a  part  of  the  so-called  humus  or  humic  acids,  but  the  determina- 
tion of  the  latter  is  unsatisfactory  by  any  method  known.  Neither 
the  same  quantities  nor  even  the  same  substances  are  extracted  b}' 
equivalent  concentrations  of  sodium  hydroxide  and  ammonium 
hydroxide  and,  furthermore,  no  typical  class  of  organic  compounds 
is  extracted  by  dilute  alkali,  at  least  in  the  case  of  soil  organic 
matter  {10,  25). 

The  alkali  method  for  the  determination  of  lignin,  if  used,  would 
correspond  more  nearly  to  the  humus  as  ordinarily  considered,  but 
this  method  is  not  in  agreement  with  the  Willstatter  and  72  per  cent 
sulphuric  acid  methods  which  give  nearly  concordant  results  as 
shown  by  experiments  with  corncobs  (^.^). 

Thiessen  and  Johnson  {31^)  have  carried  out  an  analysis  of  a  peat 
profile  wherein  the  lignin  and  humic  matter  were  determined  sepa- 
rately, but  no  data  are  available  to  show  to  what  degree  the  results 
obtained  by  their  method  of  estimation  of  lignin  agree  with  values 
obtained  by  using  the  72  per  cent  sulphuric  acid  method.  The  rel- 
ative proportions  of  each  from  the  data  of  these  investigators  show 
that  in  the  surface  layers  the  humic  matter  may  be  about  60  per  cent 
of  the  lignin  but  increases  to  a  value  of  more  than  twice  that  of  the 
lignin  in  some  of  the  lower  layers.  The  sum  of  the  lignin  and  humic 
matter  is,  however,  hardly  comparable  to  the  lignin-humus  complexes 
as  used  in  this  investigation.  In  view  of  the  uncertainty  of  humus 
determinations  it  was  not  considered  desirable  to  make  a  separation 
for  the  purposes  of  the  present  investigation.  The  term  "  lignin- 
humus  complex  "  is  used,  therefore,  to  convey  a  more  accurate  con- 
cept of  its  character  than  would  the  term  "  lignin  "  itself.  It  is  the 
final  residue  after  the  sulphuric  acid  treatment,  less  the  ash  and  crude 
protein  content. 
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According  to  recent  evidence  (^^,  35^  37)^  lignin  is,  doubtless,  the 
chief  contributor  to  humus  in  the  process  of  decomposition,  whereas 
celhilose  contributes  indirectly  and  only  in  small  amounts. 

The  complex  character  of  the  nitrogen  in  peat  is  well  illustrated 
by  the  results  of  Morrow  and  Gortner  {19)^  and  by  those  of  Jodidi 
{IJf).  In  the  process  of  peat  formation  the  residual  nitrogen  becomes 
less  available,  and  consequently  the  more  decomposed  peats  show  an 
increased  percentage  of  the  total  nitrogen  in  the  final  residue.  The 
results  in  Table  4  show  the  percentages  of  the  total  nitrogen  in  the 
peat  which  were  found  in  each  of  the  fractions  wherein  nitrogen  was 
determined.  The  sphagnum  peat  is  found  to  contain  the  most  readily 
hydrolyzable  nitrogen,  but  the  quantity  does  not  greatly  exceed  that 
of  the  sedge  peat,  particularly  of  the  surface  layer.  There  is  con- 
siderable fluctuation  within  the  profiles,  but  there  is  in  most  cases  a 
decrease  of  hydrochloric  acid  soluble  nitrogen  with  depth.  The  sul- 
phuric acid  soluble  nitrogen  apparently  fails  to  distinguish  between 
any  of  the  peats,  but  the  insoluble  or  lignin-humus  nitrogen  shows 
essentially  the  same  differences  as  the  hydrochloric  acid  soluble  nitro- 
gen but  in  the  inverse  order.  The  sphagnum  and  sedge  peats  show 
the  lowest  percentage  of  residual  nitrogen,  and  in  the  others  it  is 
markedly  higher.  In  the  lowest  stratum  of  the  Belle  Glade  profile 
as  much  as  72.6  per  cent  of  the  nitrogen  is  in  this  very  resistant  form. 

Table  4. — Solubility  of  nitrogen  in  peat  as  percentage  of  total  nitrogen 


Location  of  sample 


Description  of  sample 


Depth 

HCl 

H2SO4 

Insoluble 

soluble  N 

soluble  N 

N 

Inches 

Per  cent 

Per  cent 

Per  cent 

2-4 

46.2 

7.7 

25.6 

8-12 

53.4 

6.8 

26.2 

12-16 

44.3 

13.4 

32.0 

2-4 

54.2 

10.2 

25.4 

5-8 

46.3 

9.5 

31.6 

8-12 

34.2 

7.3 

25.6 

12-16 

39.3 

23.6 

31.5 

0-3 

32.2 

12.0 

48.6 

3-9 

27.5 

12.3 

52.6 

12-18 

18.4 

10.2 

66.3 

24-30 

16.5 

6.3 

70.9 

36^2 

38.4 

14.3 

42.8 

0^ 

32.5 

14.4 

44.1 

4-6 

31.5 

13.9 

48.2 

32 

18.3 

12.6 

59.7 

49 

17.5 

12.1 

65.3 

63 

19.1 

11.2 

65.9 

94-96 

15.8 

9.5 

72.6 

15-30 

34.1 

14.8 

47.9 

42-48 

23.9 

10.4 

55.0 

62-68 

18.7 

11.1 

66.2 

0-4 

35.5 

12.6 

46.8 

10-16 

25.7 

11.5 

51.9 

20-26 

24.7 

11.5 

54.7 

30-36 

24.6 

14.0 

57.4 

0-6 

41.2 

10.2 

32.4 

10-16 

37.6 

9.1 

38.1 

18-24 

29.3 

8.0 

38.2 

Remain- 
der of  N 
(soluble 
in  ether, 
alcohol, 

and 
water) 


Orono,  Me 

Cherryfield.  Me. 

Beaufort,  N.  C. 


Belle  Glade,  Fla. 


Miami  Canal  Lock, 
Fla 


Clewiston,  Fla. 
Monroe,  Wash. 


Sphagnum  peat 

-.-do 

_..-do 

Sphagnum  peat 

...-do_ 

Heath  peat -.. 

.-.-do 

Heath  peat  with  sedimentary 
admixture. 

Sedimentary  peat 

White-cedar  forest  peat 

Saw-grass  peat 

.-..do 

....do 

Saw-grass  peat  with  sedimen- 
tary admixture. 

....do 

Saw-grass  peat 

Sedimentary    (custard-apple) 
peat. 

....do 

-...do.. 

Saw-grass  peat 

...-do 

-.--do 

Saw-grass  i>eat  (sandy) 

Woody  sedge  peat 

Herbaceous-sedge  peat 

Tule-sedge  peat 


Per  cent 
20.5 
13.6 
10.3 
10.2 
12.6 
32.9 
5.6 
7.2 
7.6 
5.1 


4.5 
9.0 
6.4 
9.4 
5.1 


3.8 
2.1 
3.2 

10.7 
4.0 
5.1 
10.9 
9.1 
4.0 
16.2 
15.2 
24.5 
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The  water-soluble  nitrogen  was  not  determined,  but  the  values 
would,  undoubtedly,  correspond  fairly  closely  to  those  given  for  the 
nitrogen  unaccounted  for  as  soluble  in  ether,  alcohol,  and  water. 

The  total  nitrogen  content  (Table  5),  is  considerably  higher  in 
the  peats  containing  smaller  amounts  of  cellulose  and  greater 
amounts  of  lignin-humus  complexes  corresponding  to  a  higher  de- 
gree of  decomposition.  This  is  explained  (4^0)  by  the  lact  that 
microbiological  activity  in  the  process  of  plant  decomposition  has 
synthesized  relatively  large  quantities  of  organic  nitrogen  from 
inorganic  nitrogen. 

Table  5. — Elementary  composition   and  proximate   analyses   of  peat 


Location  of  sample 


Orono.  Me. 


Cherryfield,  Mc 


Beaufort,  N.  C. 


Belle  Glade,  Fla.. 


Miami  Canal  Lock, 
FIa._ 


Clewiston,  Fla. 
Monroe,  Wash. 


Description  of  sample 


Sphagnum  peat. 

-.-.do 

-..-do 

-.-.do 


(Sphagnum  peat 

Ueath  peat 

iieath  peat  with  sedimen- 
tary admixture. 

Sedimentary  peat 

White- cedar  forest  peat.. 
Saw-grass  peat 

do"  


Saw-grass  peat  with  sedi- 
mentary admixture. 
do 


Saw-grass  peat. 
Sedimentary 
apple)  peat. 

do.. 

do. 


(custard- 


Saw -grass  peat  (sandy) . 

.-.do , 

-...do—. 


Saw -grass  peat 

Woody  sedge  peat 

Ilerbaceous-sedge  peat. 
Tule-sedgo  peat 


Depth 


Inches 
2-  4 
5-  8 
8-12 

12-16 

2-  4 
5-  8 
8-12 

12-16 
0-  3 

3-  9 
12-18 

24-30 
36-42 
0-  4 

4-  6 
32 
49 

63 
94-96 
15-30 

42-48 
62-68 

0-  4 
10-16 
20-26 
30-36 

0-  6 
10-16 
18-24 


Elementary  composition  » 


P.  d. 

60. 32 
50.12 
52.23 
5L78 
51. 16 
52.79 
52.76 
55.93 
57.57 
59.20 
64.40 

65.70 
55.07 
56.82 
58.48 
61.79 
62.71 

63.12 
60.12 
52.45 

53.21 
58.24 
56.82 
58.70 
61.07 
68.30 
66.42 
66.60 
67.61 


P.ct. 
6.08 
6.25 
6.03 
6.05 
5.87 
5.80 
5.79 
5.57 
5.70 
5.33 
5.38 

6.20 
5.61 
5.47 
5.55 
5.51 
5.40 

6.54 
6.67 
5.85 

6.01 
6.60 
6.61 
5.47 
6.66 
4.87 
6.11 
6.06 
6.69 


P.  d. 

42.82 
42.90 
40.86 
41.20 
42.38 
40.46 
40.63 
37.61 
34.65 
33.76 
29.24 

27.31 
38.20 
33.47 
32.22 
28.98 
28.92 

28.20 
31.46 
37.65 

37.85 
32.64 
33.85 
32.44 
29.64 
33.54 
33.96 
33.69 
34.31 


P.d. 

0.78 

.73 

.88 
.97 
.69 
.96 
.82 
.89 
2.08 
1.71 


.79 
1.12 
4.24 
3.76 
3.72 
2.97 

3.14 
2.85 
4.05 

3.93 
3.62 
3.72 
3.39 
3.64 
3.29 
3.62 
3.76 
2.49 


Proximate 

analysis  > 


Vola 

tile 

matter 


P.  d. 

78.69 
79.67 
77.33 
77.38 
78.79 
71.70 
70.92 
67.46 
59.77 
61.63 
59.18 

61.42 
61.11 
66.57 
65.38 
65.01 
61.44 

64.79 
64.64 
71.86 

67.47 
67.49 
68.75 
64.97 
65.10 
63.73 
72.20 
70.35 
67.33 


Fixed 
carbon 


P.d. 
21.31 
20.43 
22.67 
22.62 
21.21 
28.30 
29.08 
32.54 
40.23 
38.37 
40.82 

38.58 
38.89 
33.43 
34.62 
34.99 
38.56 

35.21 
35.36 
28.14 

32.53 
32.61 
31.25 
35.03 
34.90 
36.27 
27.80 
29.65 
32.67 


Asb> 


P.d. 
4.47 
4.26 
2.29 
1.51 
2.31 
1.80 
1.65 
1.88 
7.17 
2.33 
2.06 

6.74 
27.05 

a64 

6.67 
10.67 
7.60 

8.63 
17.82 
47.57 

10.27 
22.92 
11.49 

7.73 
28.07 
75.32 
ia84 

6.61 
11.49 


Basis,  100  parts  organic  matter. 


»  Basis,  100  parts  dry  peat. 


The  elementary  composition  and  proximate  analyses  are  shown  in 
Table  5.  The  total  carbon  content  is  least  for  the  sphagnum  peats. 
The  sedge  and  custard-apple  peats  are  similar  in  total  carbon  and 
also  in  volatile  and  fixed  carbon  and  are  not  far  different  from 
the  sphagnum  peats  in  the  latter  values.  The  North  Carolina  profile 
has  the  greatest  amount  of  fixed  carbon  and  correspondingly  the 
least  amount  of  volatile  matter.  In  total  carbon  only,  the  sedimen- 
tary layer  and  the  layer  with  sedimentary  admixture  of  this  profile 
show  the  highest  values.  The  carbon  tends  to  increase  slightly  with 
increase  in  depth  except  that  in  several  cases  a  lower  layer  falls  out 
of  line  and  may  even  have  a  less  amount  than  the  surface  layer. 
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This  slight  variation  in  the  composition  of  the  organic  matter  shows 
little  evidence  of  tendency  toward  lignite  formation  and  indicates 
little  microbiological  action  with  age  of  deposit.  There  is  fair  agree- 
ment between  the  results  obtained  for  fixed  carbon  and  total  carbon 
so  far  as  their  indications  are  concerned. 

It  must  be  remembered  that  in  the  data  on  the  organic  matter  the 
values  are  expressed  on  a  basis  of  100  parts  of  organic  material 
instead  of  the  entire  material.  The  latter  data  would  give  far 
different  and  less  significant  results. 

A  graph  which  shows  the  relations  between  fixed  carbon,  lignin- 
humus  complexes  and  cellulose  in  the  different  layers  of  the  profiles 
is  given  in  Figure  1. 

The  fixed  carbon  has  values  greater  than  those  for  lignin-humus 
complexes  in  the  Maine  peats,  but  the  relative  order  of  magnitude 
of  these  two  values  is  reversed  for  all  other  profiles  examined.  In 
general  the  fluctuations  of  values  of  lignin-humus  complexes  within 
the  profile  correspond  to  similar  fluctuations  of  the  fixed-carbon 
value  to  a  more  or  less  marked  degree.  This  seems  to  indicate 
that  the  lignin-humus  complexes  form  the  greater  part  of  the  non- 
volatile or  fixed  carbon  constituent.  Cellulose  is  relatively  high 
only  in  the  sphagnum  peats  and  shows  no  great  variation  in  any 
profile,  at  least  to  the  depths  represented.  The  Washington  peat 
apparently  occupies  an  intermediate  position  between  the  Maine 
peats  on  the  one  hand  and  the  North  Carolina  and  Florida  peats  on 
the  other. 

INORGANIC  CONSTITUENTS 

The  analyses  of  the  ash  shown  in  Table  6  indicate  that  the  ratio 
of  alumina  to  iron  oxide  is  relatively  much  higher  in  the  sphagnum 
peat  than  in  the  Everglades  peats.  It  is  also  relatively  high  in  the 
peat  profile  from  North  Carolina  and  is  as  high  in  the  sedimentary 
and  white-cedar  forest  layers  as  in  the  sphagnum  peat.  The  sedge 
peat  from  Washington  is  similar  to  the  Florida  peat  in  this  respect, 
but  the  ash  is  much  richer  in  both  constituents. 

The  ash  of  the  sphagnum  and  sedge  peats  is  on  the  average  richer 
in  phosphorus  pentoxide  than  that  of  the  others  which  show  similar 
values.  The  Everglades  peats  are  generally  high  in  lime  content, 
and  in  several  layers  it  amounts  to  almost  50  per  cent  of  the  ash,  on 
account  of  limestone  formations  underlying  the  deposits.  The 
sphagnum  and  sedge  peats  are  similar,  with  values  in  the  neighbor- 
hood of  15  to  20  per  cent,  and  the  ash  of  the  North  Carolina  profile 
contains  on  the  average  the  least  amount  of  lime  of  the  profiles 
examined. 

The  constituents,  magnesium  oxide,  sulphuric  anhydride,  and  ti- 
tanium oxide,  do  not  show  any  marked  differences  between  profiles, 
but  there  are  considerable  variations  within  the  profiles.  The  ash 
of  the  sphagnum  peat  appears  to  be  the  richest  in  alkalies,  the  ash 
of  the  others  being  more  or  less  similar  in  these  constituents. 

Manganese  has  been  concentrated  in  the  surface  layers  wherever 
these  are  shown.  This  phenomenon  is  also  characteristic  of  certain 
ordinary  soils  as  pointed  out  by  Robinson  (27)  of  this  bureau. 
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Some  of  the  results  of  the  ash  analyses  are  illustrated  in  Figure  2. 

Wide  variations  in  the  total  ash  content  of  peat  (Table  5)  as  well 
as  variations  in  the  character  of  the  ash  (Table  6)  are  explained  by 
the  fact  that  peat  in  its  formation  is  subject  to  mineral  contamina- 
tion largely  by  wind-blown  material,  as  in  the  case  of  the  sphagnum 
peats  or  by  dissolved  matter  carried  by  ground  waters,  as  in  the  case 
of  the  Everglades  peats.  Leaching  also  may  take  place  to  varying 
extent  and  alter  the  relative  proportions  of  certain  elements. 

The  presence  of  carbon  dioxide  in  the  ash  is  not  necessarily  an 
indication  of  the  presence  of  carbonates  in  the  peat,  since  carbon- 
ates of  the  metals  are  formed  during  ignition  and  the  temperature 
of  ignition  was  not  sufficiently  high  to  effect  complete  decomposition 
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-Graph  showing  relationship  between  certain  inorganic  constituents  in 
various  peats  with  respect  to  location  and  depth 


of  the  carbonates  so  produced.    No  determinations  of  carbon  dioxide 
were  made  on  the  original  peat. 

The  data  in  Table  6,  as  well  as  those  previously  mentioned,  must 
not  be  confused  with  mineral  analyses  on  the  usual  basis.  The 
values  given  can  readily  be  converted  to  the  basis  of  100  parts  of  dry 

geat  by  multiplying  by  the  total  ash  content  (Table  5)  and  dividing 
y  100. 

BACTERIAL  ACTIVITY  AND  DECOMPOSITION 


It  is  not  within  the  scope  of  this  bulletin  to  discuss  the  bacterial 
activity  in  peat  with  any  degree  of  thoroughness.  There  are  certain 
comments,  however,  which  it  is  believed  should  be  made.  Evidence 
has  been  presented  for  and  against  the  presence  of  bacteria  in  peat 
and  reviewed  by  Waksman  and  Stevens  (-^6^),  but  the  preponderance 
of  recent  evidence  points  to  the  fact  that  cultures  of  bacteria  may  be 
obtained  even  to  considerable  depths,  and  this  fact  is  accepted  by 
most  investigators  at  the  present  time. 
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There  is  not,  however,  complete  agreement  as  to  the  functions  of 
these  bacteria  in  peat  deposits.  Thiessen  and  Johnson  {SJ^)  assert 
that  bacteria  are  functioning  to  all  depths  of  a  deposit,  whereas  on 
the  contrary,  others  (i^,  p.  9%;  IS)  point  out  certain  toxic  conditions 
of  peat  bogs.  Experiments  carried  out  in  the  present  investigation 
and  subsequently  cited  by  Robinson  {^8)  show  little  or  no  production 
of  gas  from  various  layers  of  peat  submerged  in  water  for  a  period 
of  a  year  and  none  even  when  the  peat  was  inoculated  with  a  very 
active  submerged  soiL  This  may  be  due  to  a  lack  of  available 
nutrients  or  to  a  toxic  condition,  or  both,  assuming  that  evolution 
of  gaseous  products  necessarily  accompanies  bacterial  activity  in 
peat.  Even  a  surface  layer  has  in  this  period  produced  only  a  few 
cubic  centimeters  of  gas,  which  was  given  off  during  the  first  month 
after  the  peat  was  submerged,  and  has  remained  without  further 
evolution  of  gas  for  more  than  a  year. 

These  facts  support  the  ideas  of  Jeffrey  (IS)  and  others  as  to  the 
permanence  of  peat  once  it  is  permanently  covered  by  water  and 
aerobic  bacteria  have  ceased  to  function. 

It  has  been  shown  by  Allison  and  his  coworkers  (1)  that  the  addi- 
tion of  very  small  amounts  of  copper  sulphate  to  certain  peat  lands 
alters  a  substance  toxic  to  plants.  An  amount  of  copper  sulphate 
approximately  equivalent  in  proportion  to  the  amount  necessary  for 
application  to  peat  land  (50  pounds  per  acre)  was  introduced  into  a 
sample  of  peat  showing  no  activity  either  before  or  after  being  in- 
oculated with  the  submerged  soil  suspension  and  allowed  to  stand 
for  a  time,  and  then  again  inoculated.  There  was  no  effect  with 
reference  to  evolution  of  gas,  so  one  must  conclude  that  if  such  a 
solution  were  toxic  to  bacteria  the  cause  was  not  removed  by  the 
copper  sulphate  in  the  concentration  used,  unless  both  factors,  lack 
of  nutrients  and  toxicity,  were  operative.  This  conclusion  is  in 
agreement  with  Waksman  and  Stevens  {S9)^  who  state  that  "copper 
has  no  effect  upon  the  microbiological  activities  in  the  peat  itself." 

Smith  {S2)  has  isolated  a  substance  which  is  soluble  in  alcohol, 
and  which  was  precipitated  by  copper  sulphate.  It  was  shown  that 
the  presence  of  this  compound  had  certain  undesirable  effects  on 
plant  growth.  Further  information,  however,  as  to  the  nature  of 
this  substance  is  apparently  not  available. 

This  investigation  has  shown,  as  have  also  the  investigations  of 
Waksman,  that  successive  layers  within  a  profile  may  show  wide 
variations  in  degree  of  decomposition  as  indicated  by  varying 
amounts  of  lignin-humus  complexes.  In  order  to  explain  these 
variations  it  is  necessary  to  consider  the  mechanism  by  which  a 
peat  deposit  is  laid  down  and  the  prevailing  climatic  conditions 
governing  the  formation  of  different  strata.  According  to  Dachnow- 
ski-Stokes  (^) ,  the  stratification  of  a  peat  deposit  is  directly  related 
to  the  nature  of  the  plant  remains  which  have  contributed  to  the 
particular  layers  and  to  the  changes  brought  about  by  moisture  and 
other  environmental  conditions  during  the  formation  of  these  layers. 

Furthermore,  there  is  evidence  (^,  P,  IS)  to  show  that  a  "  perpetual 
water  cover  effectually  guarantees  the  integrity  of  plant  remains." 
The  peat  profile  as  found  thus  presents  a  definite  historical  record 
of  the  type  of  vegetation  and  of  the  climatic  conditions  involved 
in  its  formation,  and  in  this  process  anaerobic  bacteria  play  only  a 
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minor  role.  Spores  are,  however,  present  which  may  develop  under 
suitable  environment  and  account  for  the  cultures  of  bacteria  ob- 
tained from  even  very  deep  peat  deposits. 

The  lignin-humus  content  of  the  organic  matter  may  be  used  as 
an  index  of  degree  of  decomposition  to  some  extent  since  it  represents 
a  residue  or  an  accumulation  of  substances  synthesized  by  bacterial 
action  and  resistant  to  further  decomposition  at  the  time  of  peat 
formation.  It  may  be  said  with  a  fair  degree  of  certainty  that  vary- 
ing values  of  this  constituent  within  a  profile  are  due  in  part  to 
varying  successive  types  of  vegetation  and  are  existent  partly  as  the 
result  of  fluctuating  climatic  conditions  during  the  process  of  for- 
mation rather  than  to  changes  taking  place  with  age  in  a  deposit 
once  permanently  submerged.  Likewise  an  abnormally  high  carbon 
content  of  the  organic  matter  in  a  given  stratum  probably  indicates 
that  aerobic  bacteria  were  capable  of  functioning  for  a  longer  period 
of  time.  There  is  no  evidence  presented  by  the  data  in  support  of 
any  theory  of  lignite  formation  from  present  peat  deposits  under 
conditions  now  existing.  Peat  is  believed  instead  to  be  indefinitely 
preserved  by  a  permanent  water  cover. 

GENERAL   DISCUSSION  AND   CONCLUSIONS 

The  preceding  data  shows  that  the  types  of  peat  from  northern 
regions  of  the  United  States,  which  differ  in  botanical  composition 
and  climatic  environment  from  those  of  southern  States,  show  in 
general  corresponding  differences  in  physical  and  chemical  properties 
to  the  extent  that  these  types  are  examined.  The  sphagnum  peat 
from  Maine  and,  to  less  degree,  the  sedge  peat  from  Washington  are 
distinctly  different  from  the  other  varieties  examined.  In  many 
properties  the  North  Carolina  and  Florida  peats  are  similar.  Differ- 
ences within  a  given  profile  are  often  of  such  magnitude  that  the 
importance  of  the  past  history  of  the  profile  can  not  be  overempha- 
sized. A  layer  is  often  found  in  a  given  profile  which  was  neces- 
sarily formed  under  entirely  different  climatic  environment  than  were 
the  layers  above,  the  formation  of  which  corresponds  more  nearly  to 
present  conditions. 

In  physical  characteristics  differences  are  shown  for  the  most  part 
by  the  moisture  relations,  including  maximum  moisture-holding 
capacity  and  moisture  equivalent.  The  sphagnum  peat  is  auite 
distinct  from  all  others  except  in  the  lowest  layer  of  the  sample  rrom 
Orono,  Me.,  where  a  woody  type  of  peat,  formed  under  entirely 
different  conditions,  is  found. 

The  chemical  characteristics  of  the  organic  matter  also  show  the 
sphagnum  peat  to  be  of  quite  different  composition  due  to  the  fact 
that  it  consists  of  the  stems  and  leaves  of  mosses  and  is  less  decom- 
posed than  any  of  the  other  peat  materials,  composed  either  largely 
of  a  network  of  root  and  rhizomes,  or  of  the  herbaceous  residue 
which  forms  sedimentary  peat.  The  North  Carolina  profile,  espe- 
cially the  sedimentary  and  white  cedar  forest  layers  shows  the  highest 
alcohol  solubility,  including  the  alcohol  fraction  obtained  after  acid 
treatment,  and  the  lowest  hemicelliilose  content  and  is  distinct  in 
these  respects.  The  sedge  peat  from  Wasliington  appears  to  be  in 
a   more  or  less   intermediate  stage  of   decomposition   between  the 
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sphagnum  peat  on  the  one  hand  and  the  saw-grass  and  sedimentary 
peat  on  the  other.  The  organic  matter  of  the  three  Florida  profiles 
appears  to  be  quite  similar;  in  each  case  taking  into  account  the 
great  variations  within  a  profile  itself. 

The  differences  in  the  character  of  the  organic  matter  are  shown 
for  the  most  part  by  the  ether  and  alcohol  fractions,  hemicellulose 
and  cellulose,  lignin-humus  complexes,  and  the  nitrogen  soluble  in 
the  various  fractions.  Emphasis  should  be  placed  on  the  need  for 
further  research  as  to  the  exact  nature  of  the  lignin-humus  complexes. 
Such  research  would,  undoubtedly,  show  further  differences  between 
peats  originating  from  different  materials  and  under  varying 
conditions. 

Analyses  of  the  ash  show,  perhaps,  greater  differences  between 
profiles  in  the  ratio  of  alumina  to  iron  oxide,  lime,  and  alkali  content 
than  in  any  other  constituents.  Here,  again,  there  is  considerable 
fluctuation  within  profiles  which  tends  to  obscure  differences  between 
profiles.  The  sphagnum  peats  have  a  characteristically  high  ratio 
of  alumina  to  iron  oxide  that  is  possessed  by  no  other  peats  examined 
except  the  sedimentary  and  white-cedar  forest  layers  of  the  North 
Carolina  profile.  In  lime  content  the  Everglades  peats  are  markedly 
high,  and  the  heath  peat  is  very  low.  The  sphagnum  peat,  especially 
that  of  the  Cherryfield  profile  has  an  ash  comparatively  rich  in 
alkalies.     The  soluble  silica  apparently  has  no  particular  significance. 

It  must  be  remembered  that  the  analyses  as  given  show  the  rela- 
tionships between  constituents  on  a  common  basis  and  should  not  be 
confused  with  the  tabulations  of  results  on  the  usual  basis. 

SUMMARY 

There  is  presented  a  comparison  of  peat  materials  and  profiles  of 
several  deposits,  which  differ  widely  in  type  of  vegetation  and  in 
geographical  location,  using  uniform  methods  of  examination  of  a 
wide  range  of  physical  and  chemical  properties. 

The  properties  or  characteristics  that  w^ere  determined  include  ap- 
parent and  true  specific  gravity,  moisture  relations,  maximum  shrink- 
age, reactions,  a  fractional  analysis  of  the  organic  matter,  elemen- 
tary and  proximate  composition,  mineral  constituents  of  the  ash,  and 
behavior  of  certain  peat  samples  when  submerged  under  anaerobic 
conditions. 

All  the  physical  characteristics  were  determined  directly  upon 
the  peat  samples  as  received  from  the  field  and  in  the  case  of  the 
moisture  relationships  were  calculated  on  the  basis  of  the  material 
dried  at  105°  C.  The  chemical  characteristics,  with  the  exception 
of  the  hydrogen-ion  concentration  and  total  ash  content,  were  deter- 
mined on  the  basis  of  100  per  cent  of  the  material  represented  by 
the  analysis. 

The  physical  properties  which  are  shown  to  be  the  most  useful 
in  distinguishing  between  different  types  of  peat  include  the  maxi- 
mum moisture-holding  capacity  and  moisture  equivalent.  Other 
properties  show  differences  to  a  less  marked  extent. 

The  chemical  characteristics  or  analyses  that  have  served  best 
to  segregate  the  various  profiles  include  the  ether  and  alcohol  frac- 
tions, hemicelluloses  and  cellulose,  lignin-humus  complexes,  soluble 
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and  insoluble  nitrogen,  and  ash  composition,  including  values  for 
lime,  alkalies,  and  sesquioxides  in  particular. 

The  sphagnum  peats  from  Maine  and,  to  a  lesser  degree,  the 
sedge  peat  from  Washington,  are  shown  to  be  distinctly  different 
from  the  other  peats  examined.  In  certain  respects  the  sedge  peat 
from  Washington  appears  to  be  similar  to  the  sphagnum  peats  but 
in  other  properties  it  resembles  the  woody  saw-grass  or  sedimentary 
peats  from  the  South.  Variations  within  profiles  frequently  tend 
to  obscure  differences  between  profiles. 

The  somewhat  wide  range  of  physical  and  chemical  properties 
between  different  strata  within  a  deposit  is  due  to  varying  successive 
types  of  vegetation  and  climatic  factors  involved  in  the  transforma- 
tion of  vegetable  matter  to  peat  through  microbiological  activity. 

The  data  do  not  furnish  evidence  in  support  of  any  theory  of  lig- 
nite formation  from  present  peat  deposits.  Peat  is  believed  rather 
to  consist  of  indefinitely  preserved  layers  of  plant  remains  once 
permanently  submerged  by  ,water,  and  its  degree  of  decomposition 
is  indicated  to  some  extent  by  the  lignin-humus  complexes. 
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INTRODUCTION 

For  three  seasons  the  writer  devoted  considerable  time  to  investi- 
gating the  life  history  and  habits  of  Trichogramiria  Tninutvmi  Riley 
as  a  parasite  of  the  eggs  of  the  oriental  fruit  moth,  LdS'peyresia 
molest  a  Busck,  and  of  the  codling  moth,  Carpocapsa  fomoTiella 
Linne.  The  investigations  were  conducted  largely  at  Riverton  and 
Moorestown,  N.  J.  This  bulletin  summarizes  the  most  important 
observations  on  the  life  history  and  habits  of  the  parasite,  and  the 
relationship  existing  between  environmental  temperatures  and  the 
rate  of  development.  A  few  notes  on  field  tests  and  observations 
are  also  recorded. 

The  writer  believes  that  two  species  or  distinct  strains  of  Tricho- 
gramma  occur  in  New  Jersey.  In  1928  it  was  noted  that  during  the 
warm  weather  of  June,  July,  and  August  there  existed  two  kinds  of 
females:  One,  the  more  common  variety,  of  a  light  lemon-yellow 
color,  particularly  noticeable  on  the  thorax  and  abdomen ;  the  other, 
less  common  variety,  with  a  metallic  olivaceous-brown  thorax  and 
abdomen.  It  was  also  noted  that  the  late  fall  and  early  spring  indi- 
viduals of  the  commoner  yellow  variety  had  the  thorax  and  abdomen 
colored  metallic  olivaceous  brown  like  the  less  common  midsummer 
strain.     The  two  kinds  would  not  interbreed.     No  copulation  was 

1  Resigned  Aug.  31,  1928.  The  writer  is  greatly  indebted  to  G.  J.  Haeussler,  A.  C. 
Hodson,  and  R.  L.  Coffin  for  assistance  in  conducting  this  investigation.  Mr.  Haeussler 
made  many  of  the  field  observations  during  1927  and  1928  and  Mr.  Coffin  took  numerous 
photographs. 
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observed  when  males  and  females  of  the  two  kinds  were  placed 
together,  although  they  were  so  placed  some  50  different  times,  and 
the  progeny  were  always  males,  indicating  that  the  females  had  not 
been  fertilized.  The  two  kinds  also  differed  in  their  rate  of  develop- 
ment. The  more  common  kind,  having  yellow  females  during  warm 
weather,  completed  its  development  in  less  time,  by  one  to  several 
days,  than  the  variety  having  dark-colored  females.  The  foregoing 
facts  seem  to  indicate  the  existence  of  two  species;  however,  tni? 
may  be  questioned  because  the  writer  has  been  unable  to  discover 
any  morphological  difference  in  the  two  kinds.  Whether  the  two 
are  morphologically  distinct  species  or,  possibly,  biological  or  phys- 
iological species  remains  to  be  determined.  ^ 

The  majority  of  the  facts  discussed  in  this  bulletin  deal  with  the 
species  or  form  that  has  lemon-yellow  colored  females  in  the  summer 
and  is  commonly  found  in  many  sections  of  the  United  States.  The 
hosts  used  chiefly  in  this  study  were  the  eggs  of  the  oriental  fruit 
moth  and  of  the  codling  moth.  In  the  course  of  this  investigation 
insect  eggs  of  numerous  species  Avere  exposed  to  females,  and  many 
of  them  were  parasitized.  The  principal  limiting  factors  appeared 
to  be  the  condition  of  the  egg  coating  and  the  stage  of  development 
of  the  host  egg.  Eggs  with  thick,  tough,  or  hard  shells,  or  eggs 
covered  with  some  protective  secretion,  setae,  or  scales,  were  more 
or  less  free  from  attack.  It  was  also  found  that  eggs  having  well- 
developed  larvae  within  could  not  be  parasitized.  Oft'hand  it  ap- 
pears that  almost  any  insect  egg  may  be  parasitized  by  Tricho- 
gramma  provided  these  unfavorable  conditions  do  not  exist. 

METHODS 

The  life-history  study  was  conducted  in  a  large  screened  insectary 
in  a  peach  orchard  near  Riverton,  N.  J.,  in  1927,  and  near  Moores- 
town,  N.  J.,  in  1928.  (Fig.  1.)  In  this  study  all  the  insects  were 
reared  in  glass  vials  (1  by  5  inches  or  one-half  by  2  inches)  covered 
with  muslin  or  stoppered  with  cloth-covered  cotton  plugs.  The  vials 
were  kept  for  the  entire  season  in  a  large  wooden  tray  (fig.  2) 
in  a  wooden  rack  near  the  center  of  the  screened  portion  of  the  insec- 
tary and  about  5  feet  above  the  ground,  where  there  was  plenty  of 
indirect  light  but  no  direct  sunlight. 

Each  day  throughout  the  season  one  or  more  fresh  lots  of  from 
10  to  20  newly  emerged  males  and  females  of  Trichogramma  were 
placed  in  1  by  5  inch  vials  and  given  from  50  to  150  newly  deposited 
eggs  of  the  oriental  fruit  motn  on  pear  foliage.  After  24  hours 
the  eggs  were  replaced  with  other  unparasitized  eggs.  This  was 
repeated  each  day  until  no  more  females  remained  alive  in  the  respec- 
tive daily  lots. 

Experience  shows  that  it  is  most  satisfactory  to  make  use  of  eggs 
deposited  on  pear  or  apple  foliage  or  upon  smooth  paper.  If  pieces 
of  peach  foliage  bearing  eggs  are  inserted  into  1  by  5  inch  vials  with 
adult  parasites  the  insects  will  die  within  a  few  hours.  This  is 
also  true  to  a  limited  extent  with  some  varieties  of  plum  and  cherry. 
Apparently  some  gas,  possibly  a  cyanide  compound  of  some  de- 
scription, IS  given  off  in  sufficient  quantity  to  be  toxic  to  the  insect. 

^  Pbtbrson,  a.  how  many  8i>bcies  of  trichooramma  occdr  in  north  ambricat  Jour. 
N.  Y.  Bnt.  Soc.  38:  [l]-8.     1030. 
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When  host  eggs  are  placed  out  of  doors  those  located  on  pear  foliage 
are  more  satisfactory  than  those  located  on  peach  foliage  because 
pear  foliage  does  not  drop  off  the  cut  twigs  as  readily  as  peach 
foliage. 


Figure  1. — Outdoor  screened  insectary,  18  by  75  feet,  where  the  life-history  studies 

were  conducted 


After  the  eggs  had  been  parasitized  they  were  placed  in  clean 
1  by  5  inch  vials,  or  the  leaves  or  paper  on  which  the  eggs  were 
deposited  were  cut  into  smaller  pieces  and  placed  in  one-half  by  2 


I'lGUKli 
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Lay,   18  by  30  inches,  which  held  rearini?  vials,   one-half  by   2 
inches  and  1  by  5  inches  in   size 


inch  vials  which  were  stoppered  with  cloth-covered  cotton  plugs. 
The  mortality  in  handling  material  in  this  manner  is  low;  in  most 
instances  it  did  not  exceed  10  per  cent. 
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The  handling  of  Trichogramma  minutum,  particularly  the  kind 
having  yellow-colored  females,  is  very  simple  because  they  are  at- 
tracted to  sunlight  or  artificial  light ;'  as  a  rule,  they  crawl  and  do 
not  fly  readily.  By  shaking  them  out  onto  a  piece  of  white  paper 
before  a  light  they  may  be  transferred  from  point  to  point  by  plac- 
ing small  pieces  of  paper  in  their  paths  and  permitting  them  to  crawl 
on  these.  The  species  or  kind  having  females  which  are  naturally 
dark  colored  in  the  summer  are  more  active  and  have  a  strong  ten- 
dency to  fly  when  disturbed  or  placed  on  a  white  paper. 

A  self-recording  thermograph  and  maximum  and  minimum  ther- 
mometers were  employed  in  the  insectary  for  ascertaining  tempera- 
tures. All  of  the  daily  temperature  averages  mentioned  in  this  bul- 
letin were  ascertained  from  12  readings  (2-hour  intervals)  per  day 
from  the  thermograph  records  and  checked  against  the  records  kept 
at  the  Japanese-beetle  laboratory. 

LIFE  HISTORY 

WINTER  SEASON 

There  is  little  or  no  definite  information  on  the  natural  wintering 
of  Trichogramma  minutuTR  in  North  America.  It  is  highly  im- 
probable that  the  adults  of  this  species  survive  the  winter,  partic- 
ularly in  climates  similar  to  that  of  New  Jersey.  Experience 
indoors  has  shown  that  parasitized  eggs  can  be  held  at  a  constant 
temperature  in  cold  storage  for  one  to  several  months,  but  such  a 
condition  is  far  different  from  that  prevailing  during  a  variable 
winter  out  of  doors.  Observations  of  the  writer  show  conclusively 
that  the  species  passes  the  winter  as  partly  developed  individuals 
within  darkened  host  eggs. 

During  the  winter  of  1927-28  this  species  was  successfully  win- 
tered in  the  eggs  of  the  oriental  fruit  moth  and  of  the  Mediter- 
ranean flour  moth,  Ephestia  kuehniella  Zeller.  The  dark-colored 
parasitized  eggs  were  kept  outdoors  in  an  open  screened  insectary 
(fig.l)  in  1  by  5  inch  shell  vials  covered  with  muslin.  All  of  the 
individuals  which  wintered  successfully  were  parasitized  after  Oc- 
tober 12.  Under  orchard  conditions  it  is  probable  that  few  or  no 
parasites  pass  the  winter  naturally  in  the  eggs  of  the  oriental  fruit 
moth  or  codling  moth,  because  few  or  no  eggs  of  these  hosts  are 
present  in  the  orchard  as  late  as  the  middle  of  October.  Insect  eggs 
of  other  species  must  be  utilized  by  this  parasite,  such  as  eggs  of 
insects  which  normally  pass  the  winter  in  the  e^gg  stage. 

On  warm  days  in  December  and  also  in  January  some  adults  may 
emerge  out  of  dooi-s.  These  adults  probably  are  unable  to  find 
nonparasitized  eggs  unless  they  happen  to  emerge  from  a  cluster  of 
eggs  where  only  a  portion  of  the  eggs  are  parasitized.  In  such  an 
event  they  might  parasitize  the  unparasitized  eggs  of  the  cluster 
and  their  progeny  continue  to  develop  and  successfully  pass  the 
winter  season. 

ACTIVE  SEASON 

In  1928  in  an  outdoor  screened  insectary  the  spring-brood  emer- 
gence of  parasites  (over  200  adults)  took  place  between  April  3  and 
May  4,  the  peak  of  emergence  occurring  April  18.    It  is  possible  that 
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this  emergence  might  have  taken  place  a  week  or  10  days  earlier  if 
the  material  had  been  in  a  warmer  location,  such  as  the  gromid 
under  peach  trees  in  an  orchard.  The  overwintering  individuals 
for  1928-29  died,  probably  because  they  were  moved  from  Moores- 
town-  N.  J.,  to  Columbus,  Ohio,  by  mail. 

In  1927  the  season's  work  started  with  the  finding  of  dark  para- 
sitized oriental  fruit-moth  eggs  in  a  small  peach  orchard  near 
Eiverton,  N.  J.,  on  May  12,  from  which  parasites  emerged  May  30. 
In  1928  the  season's  investigations  started  April  3,  the  first  emer- 
gence date  for  spring-brood  adults.  From  the  above  dates,  for  each 
season,  until  late  in  December  (and  early  in  January  in  1928)  adult 
parasites  continued  to  emerge.  In  1928  the  maximum  number  of 
consecutive  reproductions  or  generations  was  13,  while  in  1927  there 
were  11  after  June  1.  Probably  there  had  been  in  the  field  one 
complete  generation,  and  a  partial  second,  by  June  1,  which  means 
that  there  were  12  or  13  generations  in  1927. 

The  length  of  time  required  for  the  life  cycle  of  an  individual 
varies  with  the  temperature  and  is  discussed  under  temperature 
and  moisture  studies.  There  was  little  or  no  difference  in  the  rate 
of  development  of  the  parasite  when  developing  in  the  eggs  of  the 
oriental  fruit  moth  or  in  those  of  the  codling  moth. 

The  number  of  individuals  which  may  develop  in  one  egg  is 
largely  dependent  upon  the  size  of  the  host  egg.  Four  individuals 
from  one  oriental  fruit-moth  egg  and  seven  individuals  from  an 
egg  of  the  codling  moth  are  the  greatest  number  the  writer  has 
reared  in  the  eggs  of  these  hosts.  All  of  these  adults  were  decidedly 
subnormal  in  size.  Where  host  eggs  of  these  species  are  subjected 
to  many  parasites,  there  are  commonly  one  or  two  parasites  in  each 
egg  of  the  oriental  fruit  moth,  and  two  to  four  in  each  egg  of  the 
codling  moth.  In  other  host  eggs,  particularly  in  large  eggs  of 
certain  species  of  Lepidoptera,  15  to  25  adults  have  been  reared 
from  one  egg. 

Individual  female  parasites  in  the  tests  produced  a  maximum  of 
131  individuals.  Tables  1  and  2  show  what  isolated  females  (54 
and  30)  produced  in  two  seasons,  1927  and  1928,  when  ample  host 
material  was  furnished.  The  average  per  season  for  1927  and  1928 
was  40.2  and  35.9,  respectively. 

Unfertilized  females  produced  as  numerous  progeny  as  fertilized 
females ;  however,  the  progeny  from  unfertilized  females  were  always 
males  so  far  as  the  writer's  observations  went.  Approximately  two- 
thirds  of  the  progeny  from  fertilized  females  were  females  (for  1928, 
63  per  cent) .  Table  2  shows  the  variation  in  the  proportion  of  males 
and  females  from  30  isolated  fertilized  females.  In  five  cases  the 
males  outnumbered  the  females  (Nos.  3,  7,  8,  12,  and  17). 

Adults,  particularly  females,  will  live  in  1  by  5  inch  vials  with 
a  green  pear  or  apple  leaf  for  1  to  22  or  more  days.  The  average 
length  of  life  of  females  is  somewhat  greater  than  that  of  males. 
Tables  1  and  2  show  the  average  length  of  life  for  isolated  females 
to  be  6.4  and  4.8  days  for  1927  and  1928,  respectively.  Under  insec- 
tary  conditions,  when  the  weather  is  cool  in  the  spring  or  fall  of  the 
year,  the  adults  live  longer  than  in  hot  summer  weather. 
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Table  1. — Progeny  from  54  isolated  fertilized  or  unfertilized  females  of  Tri- 
ohogramma  minutum  and  the  length  of  their  lives  when  reared  in  the  eggs 
of  the  oriental  fruit  moth  ifn  an  open  screened  insectary,  1927 
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'  Observations  made,  but  no  eggs  were  parasitized. 

2  Unfertilized  females.    Progeny  exclusively  males. 

>  Exact  number  unknown;  however,  some  were  parasitized  and  are  included  in  the  record  of  the  previous 
day. 

*  3  of  these  were  deposited  when  female  was  12  days  old  and  6  were  deposited  when  female  was  13  days 
old. 
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Table  2. — Progeny  from  30  isolated  fertilized  females  of  Trichogramma 
minutum  and  the  length  of  their  lives  when  reared  in  the  eggs  of  the  oriental 
fruit  moth  in  an  open  screened  inscctary,  1928 
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The  female  parasite  deposits  most  of  her  eggs  the  first  few  days 
after  she  emerges,  provided  ample  host  material  is  present  and  the 
temperature  is  above  70°  F.  For  example,  if  a  female  lives  seven 
days  she  will  deposit  all  (or  most  all)  of  her  eggs  the  first  two  or 
three  days. 

A  number  of  individual  females  have  been  carefully  watched  for 
several  consecutive  hours,  and  the  following  is  typical  of  what  occurs : 
A  female  will  crawl  around  on  a  leaf  or  any  object  and  constantly 
touch  with  her  antennae  the  surface  on  which  she  is  crawling.  When 
she  happens  to  cross  an  insect  egg  she  stops  immediately  and  ex- 
amines it  carefully  for  several  or  many  seconds.  In  most  instances, 
if  she  is  ready  to  oviposit,  she  moves  forward  and  then  stands  in  a 
somewhat  upright  position  as  she  pushes  her  ovipositor  through  the 
eggshell.  It  requires  two  or  three  minutes  to  complete  oviposition. 
When  oviposition  is  completed  the  female  Avill  sometimes  place  her 
mouth  parts  on  the  oviposition  puncture  and  apparently  consume  any 
liquid  which  has  exuded. 

So  far  as  observed,  there  is  no  indication  that  a  female  can  detect 
the  presence  of  an  oriental  fruit-moth  or  codling-moth  egg  at  a  dis- 
tance greater  than  one-fourth  to  one-half  inch.     At  times  females 
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will  pass  by  eggs  of  the  oriental  fruit  moth  when  they  are  less  than 
one-fourth  of  an  inch  away. 

A  female  may  continue  to  deposit  in  20  to  25  or  more  host  eggs 
without  stopping  for  any  length  of  time.  For  example,  one  female 
on  a  warm  July  day  parasitized  22  oriental  fruit-moth  eggs  in  one 
hour.  This  same  Temale  parasitized  39  eggs  between  2  and  4.30  p.m., 
and  parasitized  54  eggs  altogether  within  48  hours.  It  is  evident 
that  under  insectary  conditions  females  will  deposit  most  of  their 
eggs  within  24  to  48  hours  after  they  emerge  if  there  is  sufficient 
host  material,  if  the  temperature  is  close  to  80°  F.,  and  if  the  humid- 
ity is  fairly  high.  There  is  strong  evidence  in  the  writer's  investi- 
gations to  show  that  more  eggs  are  parasitized  on  bright  days  than 


FiGUKB  3. — Parasitized  eggs  in  the  late  black  stage  with  from  one  to  three  parasites 
(Trioh&gramma  minutum)  in  each  egg:  A,  Oriental  fruit  moth;  B,  codling  moth. 
X  3 

on  dull  cloudy  ones.     In  artificial  production  the  correct  intensity 
of  light  is  important. 

A  parasitized  egg  of  the  oriental  fruit  moth  or  codling  moth  can 
not  be  distinguished  from  a  normal  egg  by  the  naked  eye  until  the 
darkened  stage  is  reached.  (Fig.  3.)  The  parasite  within  an  ori- 
ental fruit-moth  egg  becomes  distinctly  black  when  its  development 
is  approximately  two-fifths  to  one-half  completed.  (Fig.  4, 1  and  J.) 
A  normal  host  egg  of  the  oriental  fruit  moth  or  codling  moth  shows 
a  small  dark  spot  (becomes  black-spot  led)  from  24  to  48  houi*s  before 
hatching,  this  black  spot  being  the  darkened  head  (fig.  5,  S)  of  the 
first-instar  larva.  If  oriental  fruit-moth  eggs  are  parasitized  some 
time  during  the  first  24  hours  of  their  existence,  the  darkened  para- 
sitized condition  appears  about  the  time  that  a  normal  egg  snows 
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a  dark  spot  or  is  ready  to  hatch.  The  darkening  of  parasitized  eggs 
varies  with  the  host.  Bagworm  eggs,  Thyridopteryx  ephemerae- 
formis  Haw.,  will  darken  from  12  to  24  hours  after  they  are 
parasitized. 

By  means  of  a  microscope  a  parasitized  oriental  fruit-moth  egg 
can  be  distinguished  before  it  darkens  by  the  presence  of  one  or 
more  eggs  or  larvae  of  the  parasite  within  the  host  Qgg,  The  egg 
of  the  parasite  is  very  small  and  difficult  to  locate,  while  the  larva 
is  more  readily  visible,  especially  if  the  host  eggs  have  been  de- 
posited on  glass  slides.  Figure  4  shows  what  can  be  seen  of  the 
development  of  a  living  parasite  in  an  egg  deposited  on  a  glass 
slide  and  observed  under  a  compound  microscope. 

In  warm  weather  the  parasite  Oigg  hatches  within  a  few  hours 
and  the  small,  active,  maggotlike  parasite  larva  can  be  observed 
moving  about  within  the  host  egg.  (Fig.  4,  A,  B.)  A  constant 
stream  of  Qgg  plasma  can  be  seen  flowing  toward  the  somewhat 
pointed  anterior  end  of  the  larva.  The  parasite  rapidly  increases 
in  size  (fig.  4,  C,  D,  E,  F)  and  soon  becomes  large  and  motionless, 
except  for  the  extreme  anterior  end  which  is  constantly  taking  in 
food.  When  the  larva  is  nearly  full  grown,  it  and  the  surround- 
ing tissue  gradually  turn  dark,  obscuring  further  observation  on 
the  changes  that  occur.  During  this  change  distinctly  pigmented 
and  irregularly  arranged  ringlike  structures  appear.  (Fig.  4,  G, 
H.)  As  the  host  Qgg  darkens  these  unidentified  structures  disap- 
pear. The  darkly  pigmented  parasitized  egg  (fig.  4,  I,  J)  shows 
a  faint  lighter  colored  line  across  the  rounded  area.  This  line 
marks  approximately  the  division  between  the  head  and  thorax  of 
the  pupa  or  the  adult. 

When  the  parasite  has  completed  its  development  and  is  ready 
to  emerge  the  adult  bites  an  exit  hole  in  the  eggshell.  In  case 
there  are  several  parasites  in  one  Qgg^  all  may  use  the  same  exit 
hole.  (Fig.  4,  L.)  The  adults  usually  emerge  early  in  the  morn- 
ing during  midseason. 

Parasitism  by  Trichogramma  produces  an  immediate  cessation  of 
the  normal  embryonic  development  of  the  host  egg.  The  parasite  is 
able  to  stop  the  development  of  an  oriental  fruit-moth  or  codling- 
moth  Qgg  at  any  stage  previous  to  the  time  when  a  distinct  host 
larva  with  a  well-developed  head  appears.  (Fig.  5,  E.)  The  more 
important  changes  that  take  place  in  the  developing  embrj^o  are  shown 
in  Figure  5.  All  of  the  stages  are  subject  to  successful  attack  by 
Trichogramma  except  those  shown  by  R  and  S.  No  attempt  is  made 
to  explain  in  detail  the  embryonic  changes  through  which  the  normal 
host  goes.  The  age  of  each  stage  and  some  of  the  striking  changes 
are  noted  in  the  legend.  All  observations  were  made  from  living 
eggs  deposited  on  microscopic  glass  slides.  Day  and  night  tempera- 
tures were  between  75°  and  85°  F. 

The  stages  in  the  development  of  a  normal  oriental  fruit-moth  egg 
which  Trichogramma  can  not  attack  appear  about  the  time  the  in- 
cubation period  is  two-thirds  completed.  For  example,  if  an  ^gg 
requires  six  days  to  hatch,  it  is  susceptible  to  parasitism  for  approx- 
imately four  days.  Female  parasites  may  puncture  eggs  that  are 
about  to  hatch,  but  this  seems  to  have  no  effect  on  the  well -developed 
larva  within.    It  has  also  been  observed  that  females  will  puncture 

9516—30 2 
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FiouuK  4. — Oriental  fruit-moth  oggs  parasitized  by  Tricliopromma  minutum: 

A,  C,  E,  G,   I,  and  K  sliow  dcv€l<3pment  of  one  parasite  in  an  oRp,  wlille 

B,  D,  F,  H,  J,  and  L  sliow  two  parasites  in  one  crr.  The  approximate  ajfe 
of  each  parasite  stage  is  as  follows:  A  and  B,  24  hours,  larvae  quite  active 
at  this  stage ;  C  and  D,  28  hours^  lai*vae  motionless  at  this  stage  except 
the  area  near  pointed  end  where  food  is  taken  in;  K  and  F.  4S  hours,  larvae 
motionless  an<i  tissue  starting  to  darken  about  thi*in  ;  O  and  H.  54  to  00 
hours,  larvae  distinctly  more  opaque  and  with  dark  ringlike  unidentlfled 
structures  scattered  over  surface  ;  I  and  J,  parasite  larvae  100  or  more 
hours  old  and  distinctly  black  except  for  a  lighter  streak  near  anterior 
portion  ;  K  and  L,  parasites  hatcheu  after  200  or  more  hours.  One  exit 
opening  in  li  served  for  both  parasites.      X    35 
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Figure  5.- — Somidiagrammatic  drawings  of  the  more  important  stages 
in  the  embryonic  development  of  a  normal  oriental  fruit-moth  egg. 
The  approximate  age  of  each  stage  is  as  follows :  A,  2  hours,  no 
differentiation  in  content ;  B,  4  hours,  first  indication  of  a  constric- 
tion ;  (;,  4I/2  hours,  two  constrictions  showing:  D.  5  hours,  a  d  stinct 
differentiation  in  color  and  consistency  of  the  protoplasm;  E,  5% 
hours,  symmetrical  dumb-bell-like  differentiation  of  protoplasm  ;  F.  6 
hours,  a  distinct  break  on  the  median  line  of  the  anterior  and  posterior 
portions;  G,  6%  hours,  first  indication  of  asymmetry;  H,  6%  hours, 
asymmetry  and  invagination  showing;  I,  T^/j  hours,  first  cellular  differ- 
entiation in  yolk  ;  J,  8  hours,  j'olk  showing  complete  cell-like  differen- 
tiation ;  K,  13  hours,  migration  of  yolk  cells  toward  center  of  embryo 
and  their  disintegration  ;  L,  27  hours,  metameric  differentiation  in 
embryo  first  noted  ;  M.  31  hours,  eye  spot  first  noted ;  N,  32  hours, 
embryo  starting  to  rotate  ;  presence  of  thoracic  embryonic  legs  noted  : 
O,  34  hours,  start  of  sepai-ation  of  dark  body  (h)  along  dorsal  aspect ; 
this  may  be  the  embryonic  heart;  l\  35  hours,  dark  organ  (h)  dis- 
tinctly separated;  Q,  37  hours,  dark  organ  (h)  faintly  visible;  R, 
56  hours,  larva  showing  distinct  nonpigmented  head  with  mandibles, 
also  spiracles  and  trachea  ;  no  dark  organ  (h)  visible  ;  larva  at  this 
stage  consumes  yolklike  material  about  its  body  by  means  of  its  mouth 
parts  ;  this  stage  is  not  subject  to  attack  by  Trichogramma  :  S,  72 
to  84  hours,  fully  developed  larva  ready  to  emerge;  T,  90  hours,  a 
hatched  egg  showing  exit  hole.      X  25 
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hatched  eggs.    Whether  or  not  they  deposit  eggs  under  these  condi- 
tions is  unknown. 

TEMPERATURE  AND   MOISTURE 

The  time  required  for  the  completion  of  a  life  cycle  of  Tricho- 
gramma  in  oriental  fruit-moth  and  codling-moth  eggs  ranges  from 


^^<?^s-r 


s'£/»r£^^^/Q  oc7z?^;ae 


FiouKD  6. — Relationship  between  outdoor  temperntuios  and  the  rate  of  development 
of  Trichofframma  minutum  during  1927  in  oriental  fruit-moth  eRgs.  The  upper 
line  shows  the  average  temperature  during  tlie  average  period  of  development 
for  each  daily  lot  of  parasites,  25  to  200  or  more  individuals ;  the  lower  line  shows 
the  average  number  of  days  required  to  complete  the  development  of  each  daily  lot 

7  to  75  or  more  days.    This  variation  is  largely  due  to  variations  in 
the  average  temperature  of  the  environment. 

In  Figures  6  and  7  the  average  time  required  for  the  completion 
of  the  hfe  cycle  of  daily  lots  of  material  for  two  seasons,  1927  and 
1928,  is  shown.  These  figures  also  show  the  average  temperature 
during  the  average  period  for  each  daily  lot.  The  curves  show 
clearly  the  influence  of  average  temperatures  on  the  rate  of  develop- 
ment of  Trichogramma  for  each  season  in  general.     As  the  tern- 
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perature  rises  the  number  of  days  required  to  complete  development 
is  reduced,  and  vice  versa. 

Each  point  on  the  day  curve  is  the  average  time  of  development 
required  for  all  of  the  individuals  started  on  a  given  date,  while  a 
point  on  the  temperature  curve  is  the  average  temperature  for  all  of 
the  days  required  to  complete  the  development  of  a  given  daily  lot. 
The  spacing  on  the  chart  is  such  that  1°  in  temperature  equals  one 
day.  This  ratio  does  not  exactly  equal  the  ratio  of  the  develop- 
ment of  the  insect.  The  changes  in  the  temperature  curve  are 
greater  than  the  changes  in  the  day  curve.  Upon  computing  the 
ratio  for  the  insect  it  was  learned  that  within  a  range  of  average 
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Figure  7. — Relationship  between  outdoor  temperatures  and  the  rate  of  development 
of  Trichogramma  minutum  during  1928  in  oriental  fruit-moth  eggs.  The  upper 
line  shows  the  average  temijerature  during  the  average  period  of  development  for 
each  daily  lot  of  parasites,  25  to  200  or  more  individuals ;  the  lower  line  shows 
the  average  number  of  days  required  to  complete  the  development  of  each  daily  lot 

temperatures  approximating  60  to  75°  F.  the  changes  in  the  rate  of 
development  equaled  an  increase  or  decrease  of  one  day  for  each 
daily  average  decrease  or  increase  of  1.25°.  In  other  vi'Ords,  if  the 
average  temperature  was  increased  1.25°,  the  time  required  for  de- 
velopment was  reduced  one  day,  and  vice  versa. 

Figure  8  shows  a  comparison  between  the  ratio,  1  day  equals  1.25°, 
and  the  rate  of  development  of  Trichoirramma  i'or  the  two  seasons 
1927  and  1928.  Line  A— B  is  the  ratio  line  of  1  day  equals  1.25°. 
The  points  on  the  1927  and  1928  curves  are  determined  as  follows: 
For  example,  to  determine  the  average  number  of  davs  required  for 
the  2°  range  68  to  69.9°  F.,  expressed  on  the  curve"  as  69°.  all  of 
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the  daily  lots  for  the  season  showing  average  temperatures  for  the 
completion  of  their  life  cycles  within  this  range  were  assembled. 
There  were  13  daily  lots,  and  these  showed  variations  from  12.2 
to  14  days,  or  an  average  of  13.3  days.  The  odd  numbers,  49  to  79°, 
represent  the  2°  ranges,  such  as  48  to  49.9,  50  to  51.9,  51  to  52.9,  etc. 

The  curves  (fig.  8)  for  the  two  seasons  do  not  coincide.  The  1928 
curve  is  below  the  1927  curve  at  all  points.  The  writer  believes  this 
is  due  to  a  distinct  difference  in  the  location  of  the  thermograph 
for  the  two  seasons.  In  1928  the  thermograph  was  adjacent  to  the 
life-history  material,  whereas  in  1927  it  was  10  feet  away  and  2  feet 
lower  than  the  parasite  material.  The  1928  curve  probably  expresses 
the  truth  more  closely  than  the  1927  curve. 

A  study  of  the  plotted  lines  shows  that  in  the  upper  right-hand 
portion  of  the  chart  the  curves  are  above  the  line  A — B  where  tem- 
peratures are  low  and  the  number  of  days  exceeds  20  to  25.  This  is 
probably  due  to  two  factors,  one  of  which  is  very  likely  more  impor- 
tant than  the  other.  The  less  important  factor  is  probably  the  dif- 
ference in  the  ratio  of  the  rate  of  development  to  temperature  at 
low  average  temperatures  as  compared  with  the  rate  at  temperatures 
between  60°  and  75°  F.  This  has  not  been  proved  for  Trichogramma, 
although  it  has  been  shown  to  be  true  for  other  insects.  The  writer 
believes  that  the  more  important  factor  which  helps  to  explain  the 
position  of  the  curves  above  the  A — B  line  is  the  fact  that  at  low 
temperatures,  particularly  below  50°,  little  or  no  development  takes 
place,  and  no  corrections  were  made  for  these  temperatures  in  formu- 
lating the  curves  for  the  two  years. 

In  the  lower  left-hand  corner  of  the  chart  the  two  curves  also  are 
above  the  A — B  line  to  some  extent.  This  may  be  due  to  the  fact 
that  in  extremely  high  temperatures,  probably  85°  and  above,  the 
rate  of  development  is  retarded.  In  formulating  the  curves  no  cor- 
rections were  made  for  the  possible  influence  of  extremely  high 
temperatures. 

Further  study  of  the  temperature  relationship  shows  that  the 
average  temperature  for  the  completion  of  a  parasite  during  a  given 
season  is  above  50°  to  52°  F.  Any  temperatures  averaging  less  than 
50°  to  52°  for  several  weeks  usually  produce  wintering  conditions. 
At  Moorestown,  N.  J.,  temperatures  which  average  50°  to  52°  for 
a  period  of  several  consecutive  weeks  do  not  occur  until  October  10 
to  15  and  later  in  the  average  season.  Adults  continue  to  emerge 
on  warm  days  throughout  October  and  November,  and  to  some  extent 
in  December  and  January,  yet  all  of  these  adults  are  developed  in 
eggs  parasitized  before  the  average  temperature  for  their  life  cvcle 
becomes  less  than  50°  to  52°  F. 

It  is  probable  that  temperature  conditions  in  the  late  fall  and 
during  midwinter  play  an  important  part  in  the  relative  abundance 
of  the  parasites  early  in  the  lollowing  active  season.  If  high  tem- 
peratures occur  in  the  late  fall  or  during  the  winter  months,  adults 
are  apt  to  emerge  from  parasitized  eggs  which,  under  average  con- 
ditions, would  survive  the  winter.  Most  of  these  adults  probably 
do  not  find  eggs  in  whicli  to  oviposit,  perhaps  none  of  them  do; 
consequently  the  number  of  individuals  to  survive  until  host  eggs 
appear  in  the  early  spring,  when  temperatures  are  sufficiently  high 
to  permit  continuous  activity  on  the  part  of  the  female,  is  likely  to 
be  greatly  reduced  and  may  be  almost  negligible. 
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Figure  8. — The  two  plotted  curves  show  the  average  rate  of  development  of  Tiicho- 
gramma  for  all  the  specified  2°  ranges  of  temperature  in  1927  and  1928.  These 
curves  are  computed  from  the  average  number  of  days  and  the  average  temper- 
atures associated  with  the  various  daily  lots,  irrespective  of  the  time  of  year  the 
parasites  may  have  developed.  The  straight  line  A — B  represents  the  computed 
ratio  of  development  of  1.25°  equals  1  day.  This  ratio  is  approximately  correct 
for  average  temperatures  between  60°  and  75°  F. 


16  TECHNICAL  BULLETIN  215,  U.  S.  DEPT.  OF  AGKICULTURE 

If  Glenn's  ^  idea  of  the  influence  of  effective  degrees  is  applied  to 
the  development  of  Trichogramma,  using  a  range  of  50°  to  85°  F., 
the  average  number  of  effective  day-degrees  for  all  individuals  for 
1928  is  239.  Whether  or  not  the  range  of  50°  to  85°  is  correct  is 
unknown.  So  far  as  the  writer's  observations  go  it  appears  to  be 
nearly  correct. 

The  general  color  of  the  females  and,  to  a  slight  extent,  of  the 
males  is  determined  by  the  temperature  of  the  environment.  During 
midseason  when  temperatures  are  relatively  high  the  adults,  par- 
ticularly the  females,  have  a  distinct  yellowish  cast,  especially  on 
the  abdomen  and  thorax,  which  are  lemon  yellow,  while  in  the  early 
spring  or  late  fall,  when  temperatures  are  comparatively  low,  the 
general  color  is  dark  with  a  brownish  metallic  cast.  This  change 
in  color  can  be  brought  about  by  subjecting  parasitized  eggs  to  low 
temperatures.  This  is  particularly  true  of  eggs  parasitized  in  Sep- 
tember and  early  October.  Adults  emerging  from  eggs  held  in  cold 
storage  may  be  dark.  Spring-brood  males  and  females  are  dark, 
and  in  the  fall  of  the  year,  late  in  September  or  early  in  October, 
when  the  outdoor  temperature  averages  62°  F.  or  lower,  dark- 
colored  females  appear.  All  adults  emerging  after  November  1 
are  dark. 

Moisture  is  important  in  rearing  parasitized  eggs  and  keeping 
adults  alive,  particularly  in  bulk  rearing.  In  all  stages  of  develop- 
ment the  parasites  seem  to  thrive  best  in  humidities  that  average 
from  70  to  80  per  cent.  Parasitized  host  eggs  will  show  the  greatest 
emergence  if  they  are  not  allowed  to  become  too  dry.  This  is  par- 
ticularly true  of  parasitized  eggs  on  paper.  Eggs  on  living  plant 
tissue  are  not  influenced  greatly  by  dry  air  so  long  as  the  plant  is 
alive  and  transpiring  normally. 

To  maintain  a  satisfactory  condition  of  moisture  in  small  vials 
or  bottles  fresh  seedless  raisins  may  be  used.  If  a  fresh  seedless 
raisin  is  placed  on  an  insect  pin,  moistened,  and  inserted  into  the 
center  of  the  small  end  of  a  cork  and  the  cork  is  placed  firmly  into 
the  open  end  of  the  vial  or  small  bottle,  the  mosture  content  of  the 
air  within  may  be  kept  fairly  high.  When  the  raisin  shows  signs 
of  becoming  dry  it  should  be  removed,  dipped  into  water,  and  then 
returned  to  the  vial.  This  may  be  necessary  every  24  to  48  hours, 
especially  if  the  vials  are  kept  in  a  room  where  the  humidity  is  low 
(25  to  35  per  cent)  and  the  temperature  averages  70°  F.  By  this 
method  the  writer  has  kept  adult  Trichogramma  alive  during  winter 
months  for  30  days  and  has  had  progeny  from  adults  that  were  15 
to  20  days  old.  He  has  also  successfully  shipped  living  adults  in 
vials  containing  raisins,  500  to  1,000  miles.  This  method  has  also 
been  very  satisfactory  for  keeping  many  other  species  of  adult 
parasites  alive  for  several  weeks  and  in  some  instances  for  several 
months. 

FIELD  AND  LABORATORY  OBSERVATIONS 

In  1927  the  first  parasitized  field-collected  eggs  of  the  oriental 
fruit  moth  were  found  in  a  peach  orchard  at  Riverton,  N.  J.,  on  May 
12,  and  in  1928  on  May  16  in  the  same  orchard.     The  last  eggs  of 

3  Glenn,  P.  A.  codling-moth  investigations  of  tub  statb  bntomologist^s  omca» 
1915,  1916,  1917.     111.  Nnt.  Hist.  Survey  Bui.  14  :  219-289,  lllus.     1922. 
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the  oriental  fruit  moth  to  be  parasitized  for  the  season  were  placed 
in  a  peach  orchard  at  Kiverton  on  October  28,  in  1927,  and  on 
October  12,  in  1928.  These  eggs  were  parasitized  some  time  after 
these  dates.  They  were  found  to  be  black  on  November  18,  1927, 
and  on  November  10,  1928.  It  is  probable  that  if  oriental  fruit-moth 
€ggs  had  been  available  in  November,  in  1927  and  1928,  and  had  been 
placed  in  the  orchard,  they  would  have  been  parasitized. 

For  several  years  observations  have  been  made  on  the  abundance 
of  Trichogramma  in  oriental  fruit-moth  eggs  in  peach  orchards. 
Field  collections  show  that  in  general  in  April  and  May  few  or  no 
parasitized  eggs  can  be  found,  while  in  June,  July,  and  August  few 
to  many  may  occur,  and  in  September  and  early  October  a  moderate 
number  to  many  are  likely  to  be  present.  Table  3  shows  the  relative 
abundance  of  parasitized  eggs  in  a  small  7  to  8  year  old  peach  or- 
chard at  Riverton  for  1927  and  1928.  Each  day,  during  the  entire 
active  season  of  1927  and  1928,  three  lots  of  newly  laid  oriental 
fruit-moth  eggs  were  placed  in  a  peach  orchard  in  three  widely 
separated  trees.  In  1927  the  observations  showed  parasitized  eggs 
in  55  of  the  daily  collections,  whereas  in  1928  they  were  found  in 
only  27.  This  decided  difference  in  the  number  of  times  (days) 
parasitized  eggs  were  found  in  this  orchard  is  probably  due  to  the 
fact  that  in  1928  the  number  of  peach  trees  in  the  orchard  had  been 
reduced  at  least  two-thirds ;  furthermore,  the  orchard  was  well  culti- 
vated the  entire  season,  whereas  in  1927  there  was  only  one  cultiva- 
tion, weeds  were  abundant,  and  the  branches  of  the  trees  interlocked. 
This  probably  produced  a  greater  insect  population  in  the  orchard, 
which  in  turn  produced  a  greater  number  of  insect-host  eggs  for 
Trichogramma.  Native  insect-host  eggs  probably  play  an  important 
role  in  building  up  the  Trichogramma  population  in  almost  any 
environment. 

Table  3. — Numder  of  daily  field  collections  in  which  eggs  normally  parasitized 
hy  Trichografnma  minutum  were  found  in  any  one  or  all  of  the  three  lots  of 
oriental  fruit-moth  eggs  on  pear  foliage  placed  daily  in  widely  separated  peach 
trees  in  an  orchard  at  Rwerton,  N.  J.,  during  1927  and  1928 


Semimonthly  periods  of 
daily  collections 


May  1  to  15- 
May  16  to  31 
June  1  to  15- 
June  16  to  30 
July  1  to  15, . 
July  16  to  31. 
Aug.  1  to  15- 
Aug.  16  to  31 


Num- 
ber of 
collect- 
ing 
days 


Number  of 
daily  collections 
in  which  para- 
sitized eggs 
were  found 


1927 

1928 

0 

0 

5 

7 

6 

1 

3 

0 

5 

1 

9 

4 

0 

7 

3 

2 

Semimonthly  periods  of 
daily  collections 


Sept.  1  to  15.. 
Sept.  16  to  30 
Oct.  1  to  15. 
Oct.  16  to  31- 
Nov.  1  to  15.. 
Nov.  16  to  30. 

Total.. 


Num- 
ber of 
collect- 
ing 
days 


214 


Number  of 
daily  collections 
in  which  para- 
sitized eggs 
were  found 


1927 


55 


27 


In  1928,  in  a  large  7-year-old  peach  orchard  near  E-iverton,  13 
peach  trees  adjacent  to  one  another  and  arranged  as  shown  in  Figure 
9  were  selected  for  the  purpose  of  determining  the  natural  parasitism 
in  the  orchard.    A  pole,  2  by  4  inches  in  size  and  6  feet  long,  was 
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placed  in  the  center  of  each  of  these  trees  in  such  a  manner  that  the 
low,  flat,  wooden  container  on  top  of  each  pole  was  located  among 
the  leaves  of  a  large  branch  so  that  the  cut  twigs  bearing  oriental 
fruit-moth  eggs  would  be  adjacent  to,  or  in  contact  with,  the  foliage 
on  the  trees.  From  July  14  to  September  8,  on  Mondays,  Wednes- 
days, and  Fridays  of  each  week,  bottles  containing  pear  foliage 
bearing  a  known  number  of  eggs  (an  average  of  60  per  twig  for  the 
season)  were  placed  on  top  of  these  poles.  The  eggs  were  permitted 
to  remain  in  the  orchard  until  they  showed  parasitism,  or  until  the 
normal  larvae  were  ready  to  hatch. 

About  20,000  eggs  were  used  in  this  test,  and  Table  4  shows  the 
results  obtained. 

Table  4. — Data  relating  to  egg  parasitism  ty  Trichogramma  nUrmtum  in  a  field 
test  in  which  13  distinct  lots  of  oriental  fruit-moth  eggs  {averaging  60  eggs 
per  lot)  on  pear  foliage  were  placed  in  13  peach  trees  on  three  days  each 
week  from  July  H  to  September  8,  1928 


Collection  No. 

Date  eggs 

were 

placed 

in  trees 

Number  of  parasitized  eggs  found  in  tree  No.— 

Total 
number 
ofeg^ 
found 
parasit- 
ized 

Number 
of  lots 
of  eggs 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

found 
parasit- 
ized 

1... 

July   14 
July  16 
July  18 
July  20 
July   23 
July  25 
July  27 
July  30 
Aug.    1 
Aug.    3 
Aug.    6 
Aug.    8 
Aug.  10 
Aug.  12 
Aug.  15 
Aug.  17 
Aug.  20 
Aug.  22 
Aug.  24 
Aug.  27 
Aug.  29 
Aug.  31 
Sept.    3 
Sept.    6 
Sept.   8 

10 
'42' 

"4 

7 
6 
2 

'le 
3 

23 

23 

6 

33 

1 



20 
34 

26 

28 

11 

94 

2 

9 

34 

"T 

13 
23 



"12' 

177 

58 

171 

70 

142 

103 

169 

39 

95 

98 

10 

118 

92 

37 

22 

59 

158 

207 

210 

74 

83 

34 

237 

0 

263 

9 

2 

"43" 
25 
17 

4 

6 

3... 

' 

.... 

42 
4 
6 
8 
9 
3 

13 
9 

6 

4 

12 
2 
12 

7 

.... 

22 

2 

54 
14 
41 

6 

6 

2 

"5' 
24 

"34" 

18 
6 

9 
14 
12 

7 
13 
52 

28 
13 

'io' 

10 

6 

.... 

18 

9 

7 

...J    7 
Ifi 

8 

8 

5 

9 

1 
1 

11 
12 

"7' 

6 

10.: 

5 

.... 

7 

11 

21 
7 
14 

4 
'28' 

"s 

4 

6 
23 
16 

3 

3 

27 
32 

7 
31 
29 
13 
34 

2 

12. 

7 

'io' 
3 

10 
10 

19 
6 
6 
12 
16 
12 
6 

"28" 

7 

10 
4 

18 

1 

2 

5 



9 

13 

10 

14.  .  . 

5 

16 

....  .... 

3 

.... 

4 

16 

3 

*47" 

"ii' 

17 

13 
13 
24 

4 

17 

"44' 

16 
11 
25 

"4" 

28 

17 
4 
21 

21 
25 
28 

'79" 
61 

7 

18 

2 

.... 

1 
5 

11 

19-  . 

8 

20 

3 

21.  - 

3 

— - 

6 

.— 

9 

15 

16 

.... 

1 

8 

10 

22 

1 

23 

67 

11 

1 

34 

8  i     1 

60 

.... 

40 

24 

10 

24 

0 

25 

101 

60 



18 

4 

— 

10 

45 

10 



26 

8 

"" 

Total 

332 

174 

183 

333 

80 

56 

130 

362   162 

283 

114 

243 

294 

2.726  ! 

Number  of  time 
ized  eggs  were 

s  parasit- 
found 

10 

11 

13 

21 

10 

6 

12 

19     11 

15 

8 

17 

12 

184 

. 

For  the  entire  period  14  per  cent  of  all  the  eggs  used  were  normally 
parasitized,  and  in  the  individual  lots  actually  showing  some  parasit- 
ism the  parasitism  of  the  eggs  averaged  26  per  cent.  In  the  table 
the  numbers  recorded  in  the  main  portion  are  the  actual  number 
of  eggs  parasitized  in  each  tree  for  each  collection  date.  For  the 
entire  season  50  per  cent  of  the  twigs  having  eggs  and  placed  in  the 
orchard  showed  some  parasitism.  On  no  date  were  all  of  the  lots 
parasitized.  On  August  22,  11  out  of  13  twigs  bearing  eggs  showed 
parasitism,  and  at  one  collection,  September  5,  no  parasites  were 
found.  Eggs  placed  in  some  trees  were  more  frequently  parasitized 
than  those  in  others.  For  example,  tree  No.  4  showed  21  lots  par- 
asitized out  of  25  tests,  and  tree  No.  6  showed  5  lots  out  of  25  tests. 
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It  is  probable  that  the  exact  location  of  the  poles  in  the  trees  had 
something  to  do  with  this  difference;  however,  the  poles  were  in 
similar  positions  as  nearly  as  possible.  This  method  of  determining 
the  presence  and  particularly  the  percentage  of  parasitism  of  Tricho- 
gramma  in  a  peach  orchard  is  open  to  considerable  criticism.  More 
work  needs  to  be  done  on  the  matter  of  technic  in  determining 
percentage  of  infestation  under  orchard  and  field  conditions. 

Some  preliminary  tests  were  made  during  June  and  July  in  1928 
to  determine  the  distance  liberated  parasites  would  fly  and  parasitize 
host  eggs  in  an  orchard.     An  old  peach  orchard  was  found  near 
Moorestown  which  showed  little  or  no  parasitism  by  Trichogramma. 
Twice  a  week  a  number   (100  to  200)   of  newly  laid  eggs  of  the 
oriental  fruit  moth  were  placed  in  several   adjacent  trees  in  the 
orchard,  and  in  others  some  distance  away.     Several  hundred  ferti- 
lized female  parasites  (300  to  1,000)  were  liberated  in  a  given  tree 
about  twice  a  week  during  June  and  July.     In  all  of  the  tests, 
except  one  or  two,  para- 
sitized   eggs    were    found    x  x  x  x  x  x  x 
only    in    the   trees    where 
the  adults  were  liberated. 
This  preliminary  test  in- 
dicates that  Trichogramma 

liberated   in  a  given  tree    x  x  4  8  12        x  x 

in      numbers     less      than 

1,000  will  not  spread  from    j^  ,  3  7  n  13        x 

tree   to   tree.     All  of   the 
liberations   were   made  in 

the  morning  and  on  days    ^  ^2  6  10        x  x 

that  were  bright  and  not 
very  windy.  x  x  x  5  x  x  x 

Considerable  work  needs 
to  be  done  on  the  matter 
of    distribution    and    fre-     ><  >^  x  x  x  x  x 

nnpTir»v  ni  l^hprntinTi  TVip  Figure  9. — Diagram  showing  the  arrangement  of 
queiicy  ui  liUtJidtiun.      xiie  ^^^    ^g    ^^^^    ^^^^^    ^^    ^    commercial    orchard 

writer       believes      that      m  near    Rlverton,    N.    J.,    where    egg-parasite    ex- 

^T^ll   ^«^^^  -<?^«    y^*.^l,^v,^^    '4-  periments    were    conducted    in    1928.      Adjacent 

well-cared-tor    orchards    it  trees  are  indicated  by  X 

will  be  necessary  to  make 

frequent  and  large  liberations  to  obtain  satisfactory  results  for  the 
control  of  an  orchard  pest.  Possibly  it  may  be  necessary  to  liberate 
in  every  tree.  It  is  also  probable  that  several  liberations  made  early 
in  the  season  would  be  more  beneficial  than  liberations  made  late  in 
the  summer. 

In  some  orchards  Trichogramma  undoubtedly  plays  an  important 
role  in  the  control  of  the  oriental  fruit  moth.  For  example,  in 
Burlington  County,  N.  J.,  Macrocentrus  (vn^.ylivova  Koh.,  a  parasite 
of  the  larvae  in  the  twigs,  is  very  important  early  in  the  season  in 
reducing  the  infestation,  yet  late  in  the  season,  when  the  larvae  of 
the  oriental  fruit  moth  enter  the  fruit,  this  parasite  is  not  effective. 
At  this  season  of  the  year  Trichogramma  is  usually  abundant,  and 
parasitism  of  field-collected  eggs  may  run  as  high  as  ^y)  per  cent  or 
more.  In  this  manner  the  two  parasites  reduce  the  number  of  larvae 
which  would  normally  go  into  the  ripening  peaches. 

During  1927  an  attempt  was  made  to  produce  T.  minuty/in  oiy  a 
large  scale.     A  good  start  had  been  made  with  the  host  eggs  of  the 
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Angoumois  grain  moth  {Sitotroga  cerealella  Oliv.)  when  a  serious 
infestation  of  Pediculoides  ventmcosus  Newp.  appeared,  and  almost 
all  of  the  host  material  was  destroyed  before  it  was  learned  how  to 
control  the  mite  with  sulphur.  By  the  time  control  was  effective 
the  season  was  nearly  over.  In  the  meantime  some  of  the  biological 
studies  reported  in  this  bulletin  were  conducted.  In  the  course  of 
these  studies  it  was  found  that  the  Mediterranean  flour  moth  was  a 
ver^  satisfactory  host.  In  some  respects  it  is  superior  to  the  Angou- 
mois grain  moth,  especially  in  respect  to  the  size  and  number  of  eggs 
produced.  It  is  also  a  satisfactory  host  in  which  the  parasite  may 
winter,  as  mentioned  previously.  The  eggs  of  the  common  bagworm, 
Thyridopteryx  ephemeraeforvvis  Haw.,  may  also  be  used  to  carry 
over  the  parasite  during  dormant  periods.  Parasitized  bagworm 
eggs  kept  outdoors  during  December,  January,  and  February,  at 
Columbus,  Ohio,  have  produced  adults  in  March.  Also  parasitized 
bagworm  eggs  have  been  kept  dormant  in  refrigerator  at  40°  to  45° 
F.  for  several  months. 

Some  studies  were  made  in  the  use  of  artificial  media  for  the  pro- 
duction of  these  parasites.  There  is  some  indication  that  females 
may  deposit  eggs  in  agar-agar  droplets  or  similar  media.  This  phase 
of  the  investigation  needs  further  study.  The  writer  believes  that 
there  are  possibilities  in  the  use  of  artificial  media;  however,  the 
technic  may  be  extremely  difficult  to  master. 

SUMMARY 

Trichograrmna  minutum  Kiley  is  a  common  and  an  important  egg 
parasite  of  Laspeyresia  molesta  Busck  and  Oarpocapsa  pomonella 
Linne  in  New  Jersey.  Early  in- the  season  it  may  be  scarce,  while 
late  in  the  summer  it  is  usually  abundant.  Late  in  the  season  it 
undoubtedly  plays  an  important  role  in  reducing  the  number  of  larvae 
of  the  above  hosts,  some  of  which  would  enter  the  fruit. 

Two  species  or  strains  of  Trichogramma  apparently  occur  in  New 
Jersey  in  the  hosts  named.  The  important  biological  facts  presented 
in  this  bulletin  deal  almost  exclusively  with  the  species  which  has 
distinct  lemon-yellow  females  during  the  warm  pavt  of  the  active 
season. 

The  parasite  has  been  carried  through  the  winter  (out  of  doors) 
in  the  eggs  of  the  oriental  fruit  moth,  the  Mediterranean  flour  moth, 
and  the  common  bagworm.  Tricliogrumina  out  of  doors  emerges 
early  in  April,  and  adults  of  succeeding  generations  continue  to 
emerge  until  late  in  the  fall,  Novemberj  and  occasionally  December 
and  January. 

^  In  New  Jersey  there  appeavs  to  be  a  maximum  of  13  generations. 
From  one  to  several  individuals  may  develop  in  the  eggs  of  the 
oriental  fruit  moth  (1  to  4)  and  codling  moth  (1  to  7).  Fertilized 
females  produce  more  females  than  males,  63  per  cent  being  produced 
in  1928.  Unfertilized  females  produce  males  only.  Adult  parasites 
live  only  a  few  days  (1  to  12)  during  midseason,  and  they  deposit 
most  of  their  eggs  the  first  day  or  so  if  host  material  is  available. 
One  femalo  parasitized  as  many  as  131  eggs;  the  average  for  two 
seasons  "was  40.2  for  1927  and  35.9  for  1928.  Oriental  fruit-moth  and 
codJitig-moth  eggs  whose  development  is  two-thirds  completed  are 
not  suscej^tible  to  attack  by  Trichogramma. 
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Temperature  is  an  important  factor  in  determining  the  length  of 
the  life  cycle,  egg  to  adult  stage,  of  the  parasite.  For  individuals 
the  range  is  7  to  75  days  or  longer,  while  with  daily  average  lots,  as 
shown  in  Figures  6  and  7,  the  range  is  from  8  to  53  days  for  two 
seasons.  During  most  of  the  warm  summer  weather  the  time  required 
is  from  9  to  16  days.  The  ratio  of  change  in  the  life-cycle  period  at 
average  temperatures  of  from  60°  to  75°  F.  is  approximately  1  day 
increase  or  decrease  for  each  1.25°  decrease. or  increase  in  the  average 
temperature. 

For  maximum  parasite  production  the  temperature  should  average 
close  to  80°  F.,  the  humidity  should  be  fairly  high,  70  to  80  per  cent, 
an  abundant  and  readily  accessible  supply  of  suitable  host  material 
should  exist,  and  plenty  of  artificial  light  or  indirect  sunlight  should 
be  present. 

A  distinct  change  in  color  takes  place  in  the  adults,  especially  the 
females,  when  the  average  outdoor  temperature  falls  below  62°  F. 
During  warm  weather  when  daily  average  temperatures  exceed  62° 
the  females  have  a  distinct  lemon-yellow  color  while  in  the  early 
spring  or  late  fall  when  daily  average  temperatures  are  below  62° 
the  females  are  distinctly  metallic  brown. 

Preliminary  field  tests  in  a  peach  orchard  indicate  that  small 
liberations  of  from  300  to  1,000  adults  per  tree  are  not  sufficient  to 
produce  parasitism  among  eggs  in  adjacent  trees. 
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INTRODUCTION 

Potato  growers  in  the  irrigated  districts  and  elsewhere,  for  the  most 
part,  have  been  prejudiced  against  the  use  of  seed  grown  with  the  aid 
of  irrigation  water,  the  common  behef  being  that  such  water  impairs 
the  vigor  and  vitaHty  of  seed.  It  has  been  the  general  practice  of 
most  growers  in  the  irrigated  districts  to  purchase  nonirrigated  seed 
stock  every  year  or  two.  Practices  among  growers  differ,  however; 
some  never  plant  irrigated  seed,  while  others  maintain  that  the  best 
yields  are  obtained  with  seed  planted  the  second  year  under  irrigation, 
and  still  others  plant  seed  until  yields  are  reduced  mainly  by  diseases. 
A  few  growers  have  been  known  to  maintain  a  strain  of  seed  for  years 
under  irrigation  by  careful  selection  of  seed.  (Fig.  1.)  Few  growers 
of  irrigated  potatoes,  however,  maintain  a  seed  plot  or  rogue  their 
fields  to  improve  their  seed.  In  most  States  seed  growing  has  never 
been  encouraged  in  the  irrigated  districts,  and  some  States  have 
refused  to  inspect  fields  in  the  irrigated  districts  for  certification. 

OUTLINE  OF  EXPERIMENT 

Studies  concerning  the  effect  of  irrigation  water  on  the  vigor  and 
vitality  of  seed  potatoes  were  conducted  at  the  Colorado  Potato 
Experiment  Station,  Greeley,  Colo. 

From  1921  to  1924,  inclusive,  seed  grown  under  a  varying  number 
of  light  applications  of  irrigation  water  was  tested.  From  1926  to 
1929,  inclusive,  comparisons  were  made  of  seed  receiving  different 
numbers  of  light  irrigations,  seed  grown  without  irrigation  (fig.  2), 
and  seed  gi-own  in  wet  soil  (fig.  3).  Throughout  the  experiment  the 
same  strain  of  Rural  New  Yorker  seed  was  used,  all  irrigated  seed 
being  grown  at  the  experiment  station  at  Greeley. 
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The  nonirrigated  seed  used  in  planting  the  test  plots  from  1926  to 
1929  was  grown  in  the  mountains  50  miles  west  of  Greeley  at  an 
elevation  of  7,500  feet.     The  nonirrigated  seed  planted  in  1926  was 


Figure  1.— Potato  plants  produced  from  seed  grown  for  I")  years  unca-r  irrigation.     Note  the 

strong,  even  vine  growth 

grown  but  one  year  without  irrigation,  whereas  the  nonirrigated  seed 
planted  in  1927,  1928,  and  1929  was  grown  without  irrigation  for  two 
years  before  being  planted  in  the  test  plots.  Late  in  the  fall  of  1924 
the  Colorado  Potato  Experiment  Station  was  moved  to  a  new  location. 
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FirtURK  2.— (trowing  nonirrigated  seed  potatws  at  an  elevation  of  7,.100  feet 

Because  of  some  low,  seepy  ground  at  the  new  location  it  was  possible 
to  grow  seed  in  wet  soil  where  the  water  table  was  very  near  the  surface 
and  where  the  soil  surrounding  the  tubers  could  be  saturated  with 
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water,  producing  tubers  with  protruding  lenticels.  These  conditions 
.offered  an  excellent  opportunity  for  testing  seed  grown  in  wet  soil. 

All  plots  producing  seed  for  the  tests  were  rogued  carefully,  and  all 
weak  and  diseased  hills  were  removed.  Tubers  weighing  from  3  to 
10  ounces  were  selected  for  planting  the  test  plots.  These  tubers 
were  cut  into  blocky  seed  pieces  weighing  from  iVo  to  2  ounces,  after 
which  the  seed  was  spread  out  on  the  dugout  floor  for  six  or  seven  days 
«       until  the  cut  surfaces  were  healed  over. 

The  weight  of  the  seed  pieces  and  the  method  of  handling  the  seed 
planted  in  each  test  plot  were  the  same  throughout  the  experiment. 
The  rows  were  242  feet  long  each  year  of  the  test  with  the  exception 
of  1926,  when  the  rows  were  484  feet  long.  The  plots  consisted  of 
four  rows  each,  planted  in  duplicate,  except  in  1929,  when  the  plots 
consisted  of  two  rows  each,  planted  in  triplicate.  All  rows  throughout 
the  experiment  were  spaced  3  feet  apart. 

In  all  the  test  plots  the  dates  of  planting,  cultivation,  irrigation, 
and  all  cultural  practices  were  the  same  each  year.     Irrigation  water 
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FiGURK  3.— Growing  ^'■'   lii;    ; -i  >  in  wot,  soopy  ?oil  with  heavy  hrigation 

was  supplied  throughout  the  growing  season  to  the  plots  whenever 
the  plants  seemed  to  require  it  to  make  a  continuous,  vigorous  grow  th, 
the  quantity  applied  with  each  irrigation  varying  according  to  the 
size  of  the  plants,  soil  moisture,  and  color  of  foliage. 

EXPERIMENTAL  RESULTS 

In  1921  tests  were  made  with  seed  receiving  2,  4,  and  6  irrigations 
the  previous  year.  Table  1  shows  that  the  plots  grown  from  seed 
receiving  two  irrigations  in  1920  produced  352.88  bushels  of  primes  ^ 
per  acre.  The  plots  grown  from  seed  receiving  four  irrigations  in  1920 
produced  339.38  bushels  of  primes,  whereas  the  plots  grow^n  from 
seed  receiving  six  irrigations  produced  308.50  bushels  of  primes  per 
acre.  The  plots  grown  from  seed  receiving  the  least  amount  of 
irrigation  water  produced  the  largest  yield  of  primes  and  the  smallest 

1  All  tubers  passing  over  the  1%-inch  square  mesh  screen  of  the  sorter  were  considered  as  primes.    Those 
passing  through  it  were  classed  as  culls. 
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yield  of  culls.  The  plots  grown  from  seed  receiving  six  irrigations 
produced  the  lowest  yield  of  primes  and  the  highest  yield  of  culls. 
The  difference  in  the  total  yield  was  17.75  bushels. 

In  1922  the  plots  were  grown  with  seed  receiving  3,  5,  and  7  irriga- 
tions. Examination  of  Table  1  reveals  that  the  highest  3deld  of  both 
primes  and  culls  was  produced  by  seed  receiving  the  greatest  number 
of  irrigations.  Comparison  of  the  yields  of  primes  shows  that  there 
was  a  difference  of  but  7.56  bushels  in  the  yields  produced  from  the 
seed  receiving  seven  irrigations  and  in  those  from  seed  receiving  three 
irrigations. 

Table  1. — Comparison  of  relative  yields  of  Rural  New   Yorker  No.  2  potatoes 
from  irrigated  seed  varying  in  number  of  irrigations  at  Greeley,  Colo.,  1921-1924 


Year  in  which 
crop  was  pro- 
duced 

Year  in  which 

seed  was 

grown 

Irriga- 
tions of 
seed 
crop 

Hills 

Weight  > 

Acre  yields 

Primes 

Culls 

Primes 

Culls 

Total 

1921 2 . 

1920 

Number 
2 

4 
6 
3 
5 
7 
4 
7 
10 
2 
3 
5 

Number 

813 

854 

855 

1,711 

1,714 

1,706 

1,708 

1,745 

1,721 

1,772 

1,779 

1,774 

Pounds 
1,411.5 
1,357.5 
1,234.0 
2,823.5 
2,  726. 0 
2,884.0 
2,  246.  5 
2, 416  0 
2,  276.  5 
2,  714. 0 
2,703.0 
2,699.5 

Pounds 
105.0 
144.5 
211.  5 
293.0 
289. 0 
320.5 
235.5 
248.0 
229.5 
147.5 
146.0 
123.5 

Bushels 
352.88 
339.38 
308.50 
352.94 
340.75 
360.  .50 
280.81 
302.00 
284.56 
339.25 
337.88 
337.44 

Bushels 
26.25 
36.13 
52.88 
36.63 
36.13 
40.06 
29.44 
31.00 
28.69 
18.44 
18.25 
15.44 

Bushels 
379. 13 
375. 51 
361.38 
389.57 
376.88 
400.56 
310.25 
333.00 
313.25 
357.  69 
356  13 

1922  3 

1921 

1923  3 

1922 

1924  3 

1923 

352.88 

I  \verage  weight  of  potatoes  per  plot.       2  One-fifteenth  of  an  acre,       '  Two-fifteenths  of  an  acre. 

In  1923  plots  were  planted  with  seed  receiving  4,  7,  and  10  irriga- 
tions. The  yields  were  practically  the  same  for  the  plot  receiving  4 
irrigations  and  that  receiving  10  irrigations.  The  highest  yield  of 
primes  per  acre  in  1923  was  302  bushels,  the  high  yield  being  produced 
from  seed  that  had  received  7  irrigations  the  previous  year. 

In  1924  there  was  practically  no  difference  in  yield  of  plots  planted 
with  seed  receiving  2,  3,  and  5  irrigations,  there  being  less  than  2 
bushels  difference  in  the  yield  of  primes  between  the  highest  and  the 
lowest  yielding  plots. 

As  previously  stated,  in  1926  nonirrigated  seed  and  seed  grown  with 
very  heavy  irrigation  was  added  to  the  experiment.  A  comparison 
in  Table  2  reveals  the  fact  that  very  little  difference  in  yields  resulted. 
The  seed  receiving  no  irrigation  produced  466.88  bushels  of  primes 
per  acre.  The  plots  grown  from  seed  produced  in  wet,  seepy  soil 
yielded  473.5  bushels  of  primes,  while  the  seed  receiving  two  and  four 
irrigations  in  1925  produced  very  similar  yields. 

In  1927  the  yields  produced  were  again  very  similar,  there  being  a 
difference  of  only  7.81  bushels  of  primes  per  acre  between  the  highest 
and  the  lowest  yielding  plots.  The  nonirrigated  seed  produced  the 
lowest  yield,  or  393.13  bushels  per  acre,  while  the  plot  producing  the 
highest  yield,  or  400.94  bushels  of  primes  per  acre,  was  from  seed 
receiving  four  irrigations  in  1926.  It  will  be  further  noted  that  the 
seed  grown  in  wet,  seepy  soil  produced  395.25  bushels  of  primes  per 
acre. 
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Table  2. — Comparison  of  relative  yields  of  Rural  New  Yorker  No.  2  potatoes 
from  irrigated  seed  varying  in  number  of  irrigations,  from  seed  grown  in  wet, 
seepy  soil  and  from  ndnirrigated  seed  at  Greeley,  Colo.,  1926-1929 


Year  in  which 

Year  in  which 

seed  was 

grown 

Irriga- 
tions of 
seed 
crop 

HUls 

Weight  1 

Acre  yields 

produced 

Primes 

Culls 

Primes 

Culls 

Total 

1926  2 

1925 

Number 

{             0 

2 

4 

«o 

4 

5 

*5 

.       (?) 

0 
3 
4 
5 

.       (3) 

f             0 

4 

5 

6 

(}) 

(8) 

Number 
1,775 
1,765 
1,760 
1,757 
1,924 
1,922 
1,933 
1,929 
1,917 
1,894 
1,870 
1,877 
1,859 
1,895 
1,373 
1,370 
1,350 
1,350 
1,352 
859 

Pounds 
3,  735. 0 
3,  785.  5 
3,  769. 0 
3,  788. 0 
3,145.0 
3,  207.  5 
3, 180.  0 
3, 163.  5 
3, 162.  0 
2, 199.  5 
2,  276. 0 
2,  282.  5 
2,  291.  5 
2,197.0 
1,181.0 
1,  274. 0 
1,  243.  0 
1,212.5 
1,  213.  0 
794.0 

Pounds 
185.  5 
197.5 
143.5 
178.5 
132.0 
167.0 
152.5 
129.0 
124.0 
217.5 
172.5 
152.  5 
1.51. 0 
180.0 
238.5 
236.0 
223.0 
189.0 
220.5 
159.5 

Bushels 
466.88 
473. 19 
471. 13 
473.  50 
393. 13 
400.94 
397.  50 
395.44 
395.25 
274.94 
284.50 
285.31 
286.44 
274.  63 
196. 83 
212.  33 
207.17 
202.08 
202.17 
198.50 

Bushels 
23.19 
24.69 
17.94 
22.31 
16.50 
20.87 
19.06 
16.12 
15.50 
27.19 
21.56 
19.06 
18.87 
22.50 
39.  75 
39.33 
37.17 
31.50 
36.75 
39.88 

Bushek  ' 
490.07 

497.88 

1927  2.-.: 

1926 

489.07 
49.5.81 
409.63 
421.  81 

1928  2 

1927 

416.56 
411.56 
410.  75 
302. 13 
306.06 
304.37 

1929  « 

1928 

305*31 
297.13 
236.58 
251.  66 
244. 34 

233.  58 
238.92 
238.38 

1  Average  weight  of  potatoes  per  plot. 

2  Two-fifteenths  of  an  acre. 

3  Wet,  seepy  soil. 

*  Heavy  irrigations. 

«  First  5  plots,  one-tenth  of  an  acre;  last  plot,  one-fifteenth  of  an  acre. 

« Irrigated  for  15  years. 

In  1928  all  plot  yields  were  greatly  reduced  by  hail  injury  to  the 
vines  during  the  growing  season.  Each  plot  received  about  the  same 
amount  of  injury,  and  although  yields  were  reduced,  they  are  com- 
parable. A  comparison  of  the  yields  shows  that  there  is  no  great 
difference  in  the  yield  from  seed  grown  without  irrigation  and  that 
grown  in  wet,  seepy  soil,  or  from  varying  numbers  of  irrigations. 

In  1929  test  plots  were  planted  vdih.  nonirrigated  seed,  with  seed 
receiving  4,  5,  and  6  light  applications  of  irrigation  water,  with  seed 
that  had  been  grown  in  wet,  seepy  soil,  and  mth  seed  that  had  been 
grown  for  15  years  under  irrigation.  A  frost  on  September  8  killed 
the  vines  of  all  plots  in  the  experiment  and  greatly  reduced  the  yields. 
The  early  frost  also  accounts  for  the  exceptionally  high  yields  of  cuUs. 
A  comparison  of  yields  reveals  the  fact  that  there  was  little  difference 
in  results  obtained  in  1929.  The  lowest  yield  of  primes  was  196.83 
bushels  and  was  produced  from  nonirrigated  seed.  The  highest  yield 
of  primes  was  212.33  bushels  per  acre  and  was  produced  with  seed 
that  had  received  four  irrigations  the  previous  year.  Seed  receiving 
five  and  six  irrigations  and  seed  grown  in  wet,  seepy  ground  produced 
very  similar  yields.  Seed  grown  for  15  years  under  irrigation  pro- 
duced 198.5  bushels  of  primes  per  acre. 

Figure  4  represents  average  yields  for  four  years  of  Rm'al  New 
Yorker  potatoes,  in  bushels  per  acre  resulting  from  nonirrigated  seed, 
seed  receiving  four  light  irrigations,  and  seed  grown  in  wet  soil. 
Figure  4  shows  that  the  yields  of  primes  from  nonuTigated  seed,  seed 
receiving  four  light  irrigations,  and  from  seed  grown  in  wet  soil  were 
practically  the  same.  The  yields  of  culls  from  nonirrigated  seed, 
seed  receiving  four  light  irrigations,  and  from  seed  grown  in  wet  soil 
likewise  showed  practically  no  difference. 
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DISCUSSION 

Strains  of  seed  of  the  Rural  New  Yorker  variety  received  from  sev- 
eral of  the  Northern  States  were  tested  in  comparison  with  irrigated 
seed  of  the  same  variety,  and  in  practically  all  tests  no  superiority 
was  noted  for  the  nonirrigated  seed.  While  the  data  here  presented 
deal  only  with  the  Rural  New  Yorker  variety  grown  in  the  Greeley 
district,  strains  of  other  varieties  are  known  to  have  been  developed 
and  maintained  for  years  under  irrigation  in  this  and  other  irrigated 
districts.  Although  it  is  believed  that  irrigation  water  has  Httle  or 
no  effect  on  the  vigor  and  vitaUty  of  seed,  it  is  also  the  belief  that  there 
may  be  varieties  which  are  grown  commercially  under  irrigation,  the 
seed  of  which  can  not  be  successfully  ^own  in  the  same  locality. 
Climatic  conditions  doubtless  have  some  influence  in  seed  production. 
Excessive  vine  growth  under  irrigation  makes  the  growing  of  seed 
more  difficult,  often  hiding  weak  and  diseased  plants.  Disease  is 
spread  more  rapidly  because  of  rank  vine  growth  and  contact  of  one 
plant  with  another.  Plants  grown  under  irrigation  occasionally 
develop  a  water  mottling  of  the  leaves  which  is  very  difficult  to  dis- 
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Figure  4.— Graphic  comparison  of  average  yields  of  Rural  New 
Yorker  potatoes  (in  bushels  per  acre)  from  nonirrigated  seed, 
from  seed  receiving  four  light  irrigations,  and  from  seed  grown 
in  wet  soil  at  Greeley,  Colo.,  1926-1929 

tinguish  from  mosaic.  Irrigation  water  also  has  a  decided  influence 
on  the  color  of  the  foliage.  Lack  of  moisture  causes  plants  to  turn 
dark,  whereas  an  oversupply  in  the  soil  causes  the  foliage  to  assume 
a  lighter  color  than  is  normal  for  the  variety. 

SUMMARY 

The  experimental  results  herein  noted  with  the  Rural  New  Yorker, 
the  leading  commercial  potato  variety  of  the  Greeley  (Colo.)  district, 
indicate  that  iriigation  water  has  little  or  no  effect  on  the  vigor  and 
vitality  of  seed. 

From  1921  to  1924,  inclusive,  irrigated  seed  grown  under  a  varying 
number  of  light  applications  of  irrigation  water  produced  very 
similar  yields. 

From  1926  to  1929,  inclusive,  comparisons  made  of  seed  receiying 
different  numbers  of  light  irrigations,  seed  grown  without  irrigation, 
and  seed  grown  in  wet,  seepy  soil  resulted  in  similar  yields. 

Seed  grown  for  15  years  under  irrigation  produced  yields  comparable 
with  nonirrigated  seed. 
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SCOPE  OF  WORK 

In  many  of  the  beef-production  areas,  grass  is  considered  the  feed 
that  produces  the  most  profitable  gains,  and  a  maximum  use  is  made 
of  it.  It  is  not  uncommon  to  have  cattle  make  remarkable  gains  on 
grass  alone  and  dress  out  well-finished  carcasses.  Ordinarily,  how- 
ever, cattle  that  are  fed  grain  while  on  pasture  will  make  larger  gains 
than  those  fed  grass  alone,  and  the  beef  from  them  usually  brings  a 
higher  price. 

It  was  with  a  view  of  obtaining  some  definite  information  on  the 
production  costs  and  comparative  quality  and  palatability  of  the 
meat  resulting  from  these  two  feeding  methods  that  these  experiments 
were  planned.  The  feeding  was  conducted  in  the  bluegrass  section 
of  West  Virginia,  and  the  results  are  applicable  to  similar  grazing 
areas. 

The  comparison  of  the  meat  produced  by  the  experimental  cattle 
was  a  part  of  the  national  cooperative  project,  ''A  Study  of  the  Fac- 


i  Prepared  in  consultation  with  the  other  members  of  the  project  publications  committee,  O.  G. 
kins,  (chairman),  L.  M.  Alexander,  L.  B.  Burk,  P.  E.  Howe,  and  H.  C.  McPhee. 
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tors  that  Influence  the  QuaUty  and  Palatability  of  Meat."  The 
methods  of  sampling  and  studying  the  meat  conformed  to  those  pre- 
scribed in  that  project. 

PLAN  OF  THE  EXPERIMENTS 

In  the  three  1-year  experiments  (1925  to  1927,  inclusive),  40  steers, 
consisting  of  equal  numbers  of  Good  and  Medium  grade,  were  selected 
each  fall  with  the  exception  of  the  first  year,  when  39  steers  were  used. 
Each  group  was  wintered  separately  but  on  the  same  type  of  ration, 
and  was  fed  so  as  to  enter  the  grazing  season  in  approximately  the 
same  condition.  The  winter  feeding  period  began  in  the  first  part  of 
December  and  extended  about  140  days.  The  summer  grazing  period 
following  averaged  125  days. 


FKiUKK  I.— Typ<i  of  cattle  and  grazinK  land  used  in  the  experimental  work.    The  cattle  illustrated, 
lots  1 B  and  2B  of  the  1927-28  experiment,  used  the  same  pasture 

When  pasture  conditions  became  favorable  in  the  spring,  each 
winter  group  of  steers  was  divided  into  two  lots  of  Good  steers  and 
two  lots  of  Medium  for  the  summer  feeding.  One  lot  of  each  grade 
received  a  supplement  of  corn  and  cottonseed  meal  throughout  the 
grazing  period;  a  similar  lot  was  carried  on  grass  alone.     (Fig  1 .) 

Committee  ^radings  were  made  of  each  steer  as  a  feeder,  as  a 
fat  steer,  and  in  the  carcass.  Each  steer  was  photographed  at  the 
beginning  and  end  of  each  experiment.  Individual  weights  of  steers 
were  taken  on  three  consecutive  days  at  the  beginning  and  end  of 
the  winter  feeding  period. 

Occasional  individual  weights  only  were  taken  during  the  first 
two  grazing  experiments,  as  it  was  believed  that  the  gains  of  the 
cattle  would  be  influenced  considerably  by  a  comparatively  long 
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drive  to  the  scales;  but  during  the  last  year's  grazing,  with  scales 
placed  more  conveniently,  individual  weights  were  taken  at  28-day 
intervals. 

The  cattle  were  marketed  early  in  the  fall  each  year,  at  a  time 
which  seemed  most  favorable,  taking  into  consideration  the  condi- 
tion of  the  cattle  and  of  the  market. 

CATTLE  AND  FEEDS  USED 

Grade  steers  of  approximately  2%  years  of  age  and  raised  locally 
were  used  in  these  experiments.  They  were  beef-bred  steers  repre- 
senting the  predominating  beef  breeds,  and  were  purchased  with  a 
view  of  having  about  equal  numbers  of  two  distinct  market  grades. 
A  grading  committee  consisting  of  three  men  familiar  with  the  stand- 
ard market  grades  of  steers,  as  adopted  by  the  United  States  Depart- 
ment of  Agriculture,  classified  the  two  groups  as  representative  of  the 
Good  and  Medium  grades  of  feeder  steers. 


Figure  2  ,— A  portion  of  the  pasture  used  by  the  experimental  cattle.    Note  the  abundant  growth  of 

grasses  June  20,  1928 

The  steers  were  wintered  each  year  on  com  silage,  wheat  straw, 
and  cottonseed  meal.  The  supplemental  summer  feed  consisted  of 
coarsely  ground  shelled  corn  (No.  2  grade)  and  cottonseed  meal. 
The  pastures  used  were  above  the  average  in  quality  (fig.  2),  the 
grasses  consisting  largely  of  Kentucky  bluegrass  w^th  some  white 
clover,  red  clover,  and  timothy.  iVpproximateiy  4  acres  of  pasture 
were  allowed  each  steer. 

PRODUCTION  STUDIES 

THE  1925-26  EXPERIMENT 
WINTER    RATIONS    AND    GAINS 

The  19  Good  steers  (lot  1)  and  the  20  Medium  steers  (lot  2)  were 
fed  separately  on  the  same  type  of  ration,  consisting  of  corn  silage, 
wheat  straw,  and  cottonseed  meal.     There  was  but  httle  variation 
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in  the  ration  throughout  the  winter  feeding  period.  As  shown  in 
Tahle  1  the  average  ration  for  lot  1  was  25.03  pounds  of  com  silage, 
5.78  pounds  of  wheat  straw,  and  1.09  pounds  of  cottonseed  meal  per 
head  per  day;  lot  2  received  22.56  pounds  of  com  silage  per  head  per 
day,  and  practically  the  same  quantity  of  wheat  straw  and  cottonseed 
meal  as  lot  1.  Lot  1  was  fed  slightly  more  silage  because  of  the 
greater  initial  weight  of  the  steers  as  compared  to  those  in  lot  2, 
there  being  an  average  difference  of  77  pounds  in  weight.  In  view 
of  the  limited  number  of  available  steers  it  was  not  possible  to  reduce 
this  variation;  however,  such  a  difference  is  not  unusual  between 
Medium  and  Good  steers  at  2}^  years  of  age. 

Table  1. — Winter  gains  and  rations  of  steers,  December  7,  1925  to  April  25 ^  1926 j 

140  days 


Item 

Lotl, 
Good 
steers 

Lot  2, 

Medium 

steers 

Number  of  steers 

19 

6.80 

953 

1,054 

101 

.72 

25.03 
5.78 
1.09 

10.51 

20 

Initial  cost  per  100  pounds 

Average  initial  weight. ..- 

Average  final  weight    

dollars.. 

pounds.. 

do 

6.65 
876 
962 

Average  winter  gain  per  steer 

Average  daily  gain  per  steer 

"//////////////...'..'."do.  . 

86 
.61 

Average  daily  feed  per  steer: 

Corn  silage  : 

do  — 

22.56 

Wheat  straw 

do-— 

6.63 

Cottonseed  meal    

..do.— 

L06 

Value  of  winter  feed  per  steer: 
Corn  silage — 

3,.504  pounds  at  $6  a  ton 

dollars.. 

..do..-. 

3,158  pounds  at  $6  a  ton 

9.47 

Wheat  straw— 

809  pounds  at  $7  a  ton 

do 

2.83 

788  pounds  at  $7  a  ton                      .         -     . 

..do... 

2.76 

Cottonseed  meal— 

153  pounds  at  $40  a  ton. 

148  pounds  at  $40  a  ton. 

do..-. 

do.... 

3.06 

2.96 

Total  value  of  winter  feed 

Average  cost  per  steer,  Dec.  7 

Average  cost  per  steer,  Apr.  25 1_ 

'..////./. /////./'.'./dl'.'// 

16.40 
64.80 
81.20 

16.19 
48.62 
63.81 

»  Does  not  include  labor  and  other  miscellaneous  charges. 

The  gains  during  the  winter  by  periods  are  shown  graphically  in 
Figure  3.  The  Good  steers  gained  101  pounds  per  head  during  the 
140-day  wintering  period,  as  compared  to  86  pounds  per  head  for 
the  Medium  steers.  While  the  Good  steers  consumed  more  feed, 
their  gains  were  enough  larger  to  make  the  cost  of  gains  more  eco- 
nomical than  for  the  Medium  steers. 

The  results  of  the  first  winter^s  feeding  are  shown  in  Table  1.  In 
this  and  subsequent  tables  the  average  of  the  lot  is  used  as  the  basis 
for  the  individual  data. 


SUMMER  RATIONS  AND  GAINS 

At  the  end  of  140  days'  wintering  period  lot  1  (Good  steers)  was 
divided  into  lots  lA  and  IB,  and  lot  2  (Medium  steers)  into  lots 
2 A  and  2B,  and  turned  on  pasture  for  124  days.  The  A  lots  were 
fed  a  supplement  of  coarsely  ground  shelled  com  and  cottonseed 
meal  (fig.  4),  while  the  B  lots  had  ^rass  alone.  The  sunmier  gains 
per  steer  are  shown  graphically  in  Figure  3. 
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A  study  of  the  summer  gains  in  Table  2  shows  that  a  small  ration 
of  corn  and  cottonseed  meal  increased  the  gains  over  50  per  cent  with 
each  grade  of  cattle. 

IV/A/T£J^  FEED/A/G- PFJ2/OD  (/40  DAYS)    SUMMER.  G/?/iZ/N&  P£/?/OD  {/24DAYS) 
DSCEAiBES  7,  /92S  TO  ^PJ2/L  25,  /92S  ^P£/l  ZG  TO  /tUGUST 27,  /926 


Figure  3.— Average  winter  and  summer  gains  of  Good  and  Medium  steers,  1925-26 

Table  2. — Summer  gains  of  steers,  rations,  and  marketing  data,  grazing  period, 
April  26  to  August  27,  1926 


Item 


Lot  lA, 

Lot  IB, 

Lot  2A, 

Good 

Good 

Medium 

steers  on 

steers  on 

steers  on 

grass  and 

grass 

grass  and 

gram 

alone 

gram 

9 

10 

10 

1,051 

1,057 

961 

1,346 

1,251 

1,281 

295 

194 

320 

2.38 

L56 

2.58 

5.93 

1.88 

5.34 
1.69 

Lot  2B, 
Mediimi 
steers  on 

grass 
alone 


Number  of  steers 

Average  initial  weight - .pounds.. 

Average  final  weight do 

Average  summer  gain  per  steer ..do 

Average  daily  gain  per  steer do 

Average  daily  feed  i)er  steer: 

Coarsely  ground  shelled  corn ...do 

Cottonseed  meal do 


205 
1.65 
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Table  2. — Summer  gains  of  steers,  rations,  and  marketing  data,  grazing  period, 
April  26  to  August  27,  1926 — Continued 


Item 


Value  of  supplemental  feed  per  steer: 
Corn— 

735  pounds  at  84  cents  a  bushel dollars. . 

662  pounds  at  84  cents  a  bushel ...do 

Cottonseed  meal— 

233  pounds  at  $40  a  ton. do 

210  pounds  at  $40  a  ton do 

Total  value  of  supplemental  feed do 

Average  cost  per  steer,  Apr.  26 do 

Average  cost  per  steer,  Aug.  27  » do 

Average  sales  weight  per  steer  at  market pounds.. 

Sale  price  per  100  pounds  at  market dollars.. 

Gross  returns  per  steer... do 

Average  marketing  expense  per  steer do 

Average  profit  per  steer  2 ._ do 

Average  shrinkage  per  steer  in  transit pounds.. 

Do- percent.. 

Average  hot  carcass  weight pounds.. 

Average  dressing  percentage  (hot  weight  and  sales  weight) 

per  cent. - 

Average  dressing  percentage  (hot  weight  and  experimental 
weight) percent-. 


LotlA, 

Good 

steers  on 

grass  and 

grain 


11.02 


15.68 

80.97 

96.65 

1,286 

10.10 

129.89 

8.33 

24  91 

60 

4.45 

759 

59.01 

56.39 


Lot  IB, 
Good 

steers  on 
grass 
alone 


81.43 

81.43 

1,201 

9.10 

109.29 

7.90 

19.96 

50 

4.00 


58.12 
55.80 


Lot  2 A, 

Medium 

steers  on 

and 

grain 


9.93 


4.20 

14.13 

63.84 

77.97 

1,229 

9.50 

116.  75 

8.02 

30.76 

52 

4.06 

722 

58.74 

56.36 


Lot2B, 
Medium 
steers  on 


alone 


63. 9H 
63.98 
1,115 

8.50 
94.77 

7.54 

23.25 

53 

453 


55.61 
63.08 


1  Does  not  include  pasture  and  labor  charges. 

*  Miscellaneous  expenses  other  than  feed  and  steer  costs  have  not  been  deducted  from  the  gross  returns. 


Figure  4.— Group  of  Medium  Steers  after  being  on  grass  60  days  with  supplemental  feeding 


The  Medium  steers  (lots  2 A  and  2B)  made  greater  gains  than  the 
Good  steers  in  lots  lA  and  IB.  This  may  be  attributed  partially 
at  least  to  the  greater  winter  gains  made  by  the  Good  steers.  It  has 
been  fairly  dehnitely  proved  that  steers  making  the  greater  winter 
gains  do  not  make  as  large  subsequent  summer  gains  as  steers  making 
smaller  winter  gains.  The  grain  supplement  increased  the  selling 
price  of  both  grades  of  steers  (lots  lA  and  2 A)  $1  per  100  pounds, 
which  resulted  in  increased  profits  over  the  returns  for  the  cattle  on 
grass  alone. 
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The  Good  steers  (lots  lA  and  IB)  sold  for  60  cents  per  100  pounds 
more  than  the  corresponding  groups  of  Medium  steers  (lots  2A  and 
2B).  The  Medium  steers  fed  grain  (lot  2A)  made  a  margin  of 
$3.95  and  those  on  grass  alone  $2.95.  The  Good  steers  fed  grain 
(lot  lA)  made  a  margin  of  $3.30  as  compared  to  $2.30  for  the  same 
grade  steers  on  grass  alone  (lot  IB). 

THE  1926-27  EXPERIMENT 
WINTER   RATIONS   AND    GAINS 

One  lot  each  of  Good  and  Medium  steers  were  handled  in  the  same 
manner  as  in  the  preceding  experiment.  The  quantities  of  feed 
allowed  the  cattle  were  such  as  to  produce  somewhat  lower  winter 
gains,  however,  as  it  was  believed  that  the  gains  the  previous  year 
were  somewhat  excessive,  if  the  maximum  use  of  grass  w^as  to  be 
obtained  during  the  following  grazing  season. 

Gains  during  the  winter  by  periods  are  shown  graphically  in 
Figure  5. 

Both  lots  of  steers  were  fed  essentially  the  same  quantities  of  feed, 
but  considerably  more  feed  was  required  by  the  Medium  steers  in 
this  instance  to  make  the  same  amount  of  gain,  as  the  total  winter 
gain  per  head  for  the  Medium  steers  was  24  pounds  as  compared  to 
60  pounds  for  the  Good  grade.  (Table  3.)  The  more  economical  use 
of  feed  by  the  Good  steers  coincided  with  that  of  the  first  experiment. 

Table  3. — Winter  gains  and  rations  of  steers,  December  15,  1926,  to  May  3,  1927 


Item 


Lot  2, 

Medium 

steers 


Number  of  steers.. i. 

Initial  cost  per  100  pounds dollars 

Average  initial  weight pounds 

Average  final  weight . do.. 

Average  winter  gain  per  steer do. . 

Average  daily  gain  per  steer do.. 

Average  daily  feed  per  steer: 

Corn  silage do_., 

Wheat  straw do_. 

Cottonseed  meal do-. 

Value  of  winter  feed  per  steer: 

Corn  silage — 

3,420  pounds,  at  $6  a  ton . dollars 

3,672  pounds,  at  $6  a  ton do. 

Wheat  straw,  816  pounds  at  $7  a  ton do. 

Cottonseed  meal,  132  pounds,  at  $40  a  ton do. 

Total  value  of  winter  feed do 

Average  cost  per  steer,  December  15 do 

Average  cost  per  steer.  May  3  i do 


20 
6.15 
1,025 
1,049 

24 
.17 


26.23 
5.83 
.94 


11.02 
2.86 
2.64 
16.52 
63.04 
79.56 


Does  not  include  labor  and  other  miscellaneous  charges. 


SUMMER    RATIONS    AND    GAINS 


Lots  1  and  2,  Good  and  Medium  steers,  respectively,  were  divided 
into  lots  lA  and  IB  and  2A  and  2B  at  the  end  of  140  days'  wintering, 
as  was  done  at  the  end  of  the  first  year's  wintering  experiment.  The 
summer  gains  per  steer  are  shown  in  Table  4  and  graphically  in  Figure  5. 

The  feeding  of  a  grain  supplement  increased  the  gains  of  each  grade 
of  steers  approximately  22  per  cent.  The  Medium  steers  under  each 
system  of  handling  gained  about  15  per  cent  more  than  the  Good 
grade.     The  quantities  of  grain  supplement  fed  each  of  the  groups 
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were  the  same.  The  Medium  steers  evidently  used  greater  quantities 
of  grass  than  the  Good  steers.  Each  lot  of  steers  gained  more  than 
the  corresponding  lots  in  the  preceding  year.  This  was  at  least 
partially  attributable  to  the  somewhat  lower  winter  gains  during  the 
winter  feeding. 
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FioiiRE  5.— Avernge  winter  nnd  summer  gains  of  dood  and  Medium  steers,  1926-27 


The  grain  supplement  increased  the  sales  price  of  the  Good  steers 
$1.20  per  100  pounds,  and  $1.41  for  the  Medium  steers.  With  feed 
costs  and  market  prices  of  cattle  such  as  prevailed  in  tliis  test,  both 
grades  of  steers  fed  the  supplement  made  essentially  the  same  returns. 
The  Medium  steers  on  grass  alone  made  slightly  greater  returns  than 
the  Good  steers  handled  similarly ;  however,  this  difference  was  not  of 
great  significance.     At  the  end  of  the  summer  grazing  period,  the 
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Medium  steers  fed  grain  had  made  a  margin  of  $6.36  per  100  pounds, 
as  compared  to  $5.80  for  the  Good  steers  fed  grain.     (Tables  3  and  4.) 

Table  4. — Summer  gains  of  steers,  rations,  and  marketing  data,  grazing  period, 
May  4  to  September  2,  1927,  122  days 


Item 


Number  of  steers. 

Average  initial  weight,  May  4 pounds.. 

Average  final  weight,  September  2 do 

Average  summer  gain  per  steer do 

Average  daily  gain  per  steer do 

Average  daily  feed  per  steer: 

Coarsely  ground  shelled  corn do 

Cottonseed  meal do 

Value  of  supplemental  feed  per  steer: 

Corn,  810  pounds,  at  98  cents  a  bushel dollars.  . 

Cottonseed  meal,  222  pounds,  at  $40  a  ton do 

Total  value  of  supplemental  teed do 

Average  cost  per  steer.  May  4 do 

Average  cost  per  steer,  September  2  ' do 

Average  sales  weight  per  steer,  at  market pounds.. 

Sales  price  per  100  pounds  at  market dollars.. 

Gross  returns  per  steer do 

Average  marketing  expense  per  steer do 

Average  profit  per  steer  2 do 

Average  shrinkage  per  steer  in  transit pounds. . 

Do per  cent.. 

Average  hot  carcass  weight pounds.. 

Average  dressing  percentage  (hot  weight  and  sales  weight) 

per  cent.. 

Average  dressing  percentage   (hot  weight  and  experimental 
weight) per  cent.. 


Lot  lA, 

Lot  IB, 

Lot  2A, 

Good 

Good 

Medium 

steers  on 

steers  on 

steers  on 

grass  and 

grass 

grass  and 

grain 

alone 

grain 

10 

10 

10 

1,098 

1,092 

1,056 

1,403 

1,340 

1,405 

305 

248 

349 

2.50 

2.03 

2.86 

6.64 
1.82 

14.17 
4.44 
18.61 

e.64 
L82 

14,17 
4,44 
18.61 

92.60 

92.10 

80.09 

111.21 

92.10 

98.70 

1,333 

1,228 

1.319 

13.20 

12.00 

12.41 

175.96 

147.  36 

163.  69 

8.41 

8.14 

8.42 

56.34 

47.12 

56.57 

70 

112 

86 

4.99 

8.35 

6.12 

824 

739 

786 

61.81 

60.18 

59.59 

58.73 

55.14 

55.94 

Lot  2B, 

Medium 

steers  on 

grass 


10 

1,042 

1,329 

287 

2.35 


79.03 

79.03 

1,234 

11.00 

135.  74 

8.10 

48.61 

95 

7.14 

724 

5a  67 

54.48 


1  Does  not  include  pasture  and  labor  charges. 

2  Miscellaneous  expenses  other  than  feed  and  steer  costs  have  not  been  deducted  from  the  gross  returns. 

THE  1927-28  EXPERIMENT 


WINTER    RATIONS    AND    GAINS 

The  steers  were  wintered  on  the  same  ration  as  during  the  two  pre- 
ceding winters.  They  were  lighter  in  weight,  but  were  fed  essentially 
the  same  quantities  of  feed  as  during  the  second  year  (1926-27). 
It  was  desired  to  have  the  total  winter  gains  per  steer  approximately 
midway  between  the  comparatively  high  gains  of  the  winter  of  1925- 
26,  and  the  lower  gains  of  1926-27. 

Gains  of  the  steers  for  the  third  experiment  are  shown  graphically 
in  Figure  6. 

Both  lots  were  fed  the  same  quantities  of  straw  and  cottonseed 
meal,  but  the  steers  in  lot  1  received  2.52  pounds  more  silage  per  head 
daily  because  of  their  somewhat  greater  initial  weight.  (Table  5.) 
The  gains  of  both  groups  were  very  nearly  the  same,  and ,  as  there  was 
only  a  slight  difference  in  quantities  of  feed  consumed,  there  was  no 
marked  difference  in  the  cost  of  wintering  the  two  grades  of  cattle. 
11100°— 31 2 
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Figure  6.— Average  winter  and  summer  gains  of  Good  and  Medium  steers,  1927-28 

Table  5. — Winter  gains  and  rations  of  steers,  December  12,  1927  to  April  30,  1928, 

{141  days) 


Item 

Lot  1, 
Good 
steers 

\mX  2. 

Mediinn 

steers 

Number  of  steers 

20 

8.7R 

909 

983 

74 

.52 

26.02 
6.75 
.96 

11.01 

20 

Initial  cost  i)er  100  pounds , 

Average  initial  weight 

dollars-. 

pounds 

7.50 

853 

Average  final  weight  .  .. 

do 

919 

Average  winter  gain  i)er  steer ... 

Average  daily  gain  i)er  steer 

do-... 

.      .-.do.... 

66 
.47 

Average  daily  feed  per  steer: 

Corn  silage 

do.... 

23.50 

Wheat  straw 

do  ... 

5.75 

Cottonseed  meal.. 

do 

.96 

Value  of  winter  feed  jwr  steer: 
Corn  silage— 

3,669  pounds  at  $6  a  ton 

dollars 

do  . 

do  . 

do  - 

do 

do.     . 

...do. 

3,314  pounds  at  $6  a  ton 

9.94 

Wheat  straw,  810  iwunds  at  $7  a  ton 

Cottonseed  meal,  135  ixmnds  at  $40  a  ton 

Total  value  of  winter  feed 

Average  cost  jwr  steer,  Dec.  12.. 

Average  cost  iwr  steer,  Apr.  30' 

2.K3 

2.70 

16.54 

79.54 

96.08 

2.M 

2  70 

1\47 

63.97 

79.44 

'  Does  not  include  labor  and  other  miscellaneous  charges. 
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SUMMER    RATIONS    AND    GAINS 

Lots  1  and  2  were  divided  into  lots  lA  and  IB  and  2A  and  2B, 
respectively,  as  was  done  in  previous  years,  and  grazed  for  130  days. 
The  gains  per  steer  by  periods  are  shown  graphically  in  Figure  6. 

The  feeding  of  the  grain  supplement  increased  the  summer  gains 
of  the  Good  steers  46  per  cent  and  the  Medium  steers  34  per  cent. 
This  was  the  only  instance  in  which  the  better-grade  steers  (lot  lA) 
fed  a  grain  supplement,  surpassed  the  Medium  steers  (lot  2A)  in 
total  summer  gains.  The  difference,  however,  was  only  9  pounds  a 
steer.  The  Medium  steers  on  grass  alone  (lot  2B)  gained  about  6 
per  cent  more  than  the  Good  steers  (lot  IB).  This  result  was  similar 
to  those  of  the  two  previous  years. 

Both  lots  of  cattle  receiving  a  supplement  (lA  and  2A)  were  fed 
the  same  quantities  of  shelled  com  and  cottonseed  meal.  Both  lots 
received  practically  all  they  would  eat.  In  this  experiment  the 
Medium  steers  (lot  2A)  were  not  so  economical  in  their  use  of  sup- 
plemental feed  as  the  Good  steers  (lot  lA).  The  Good  steers  fed 
grain  sold  for  $1.50  more  per  100  pounds  than  those  of  the  same  grade 
receiving  grass  alone.  They  sold  for  $1  per  100  pounds  more  than 
the  Medium  grade  of  grain-finished  cattle,  and  $2.25  more  than  the 
Medium  grade  on  grass  alone. 

The  Medium  grade  of  grain-finished  steers  made  a  margin  of  $8 
per  100  pounds  as  compared  to  $7.75  for  the  corresponding  lot  of 
Good  steers  getting  grass  and  grain.  The  Medium  grade  of  steers 
on  grass  alone  made  a  margin  of  $6.75  per  100  pounds  and  the  Good 
grade  $6.25.     (Tables  5  and  6.) 

Table  6. — Summer  gains  of  steers,  rations,  and  marketing  data,  grazing  period, 
May  i  to  September  7,  1928  {130  days) 


Item 


Lot  lA, 

Good 

steers  on 

grass  and 

grain 


Lot  IB, 

Lot2A, 

Good 

Medium 

steers  on 

steers  on 

grass 

grass  and 

alone 

gram 

10 

10 

982 

915 

1,223 

1,258 

241 

343 

L85 

2.64 

5.30 

L20 

13.78 
3.12 
16.90 

95.98 

79.09 

95.98 

96.99 

1,174 

1,202 

15.00 

15.50 

176.  10 

186.31 

7.66 

7.72 

72.46 

82.60 

49 

56 

4.00 

4.45 

674 

702 

57.41 

58.40 

55.11 

55.80 

Lot  2B, 

Medimn 

steers  on 

grass 

alone 


Number  of  steers 

Average  initial  weight,  May  1 pounds. . 

Average  final  weight,  Sept.  7 do 

Average  summer  gain  per  steer do 

Average  daily  gain  i)er  steer do 

Average  daily  feed  per  steer: 

Coarsely  ground  shelled  corn._ do 

Cottonseed  meal do 

Value  of  supplemental  feed  per  steer: 

Corn,  689  pounds  at  $1.12  a  bushel dollars.. 

Cottonseed  meal,  156  pounds  at  $40  a  ton do 

Total  value  of  supplemental  feed do 

Average  cost  per  steer.  May  1 do 

Average  cost  per  steer,  Sept.  7  i do 

Average  sales  weight  per  steer  at  market pounds.. 

Sales  price  per  100  povmds  at  market dollars.. 

Gross  returns  per  steer do 

Averags  marketing  expense  per  steer.  — do 

Average  profit  per  steer  2 do 

Average  shrinkage  per  steer  in  transit pounds.. 

Do per  cent.. 

Average  hot  carcass  weight pounds.. 

Average  dressing  percentage   (hot  weight  and  sales  weight) 

per  cent-- 

Average  dressing  percentage  (hot   weight   and  experimental 
weight) I)ercent.- 


10 

984 

1,  336 

352 

2.71 

5.30 
1.20 

13.76 

3.12 

16.90 

96.18 

113.08 

1,279 

16.50 

211.03 

8.05 

89.90 

57 

4.27 

773 

60.44 

57.86 


10 

923 

1, 179 

256 

L97 


79.79 

79.79 

1,119 

14.25 

159.46 

7.47 

72.20 

60 

6.09 

642 

57.37 

64.45 


1  Does  not  include  pasture  and  labor  charges. 

2  Miscellaneous  expenses  other  than  feed  and  steer  costs  have  not  been  deducted  from  the  gross  returns. 
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The  additional  weight  of  the  Good  steers  fed  grain,  with  an  increased 
selling  price,  was  sufficient  to  overcome  the  $0.25  difference  in  margin, 
resulting  in  a  greater  profit  of  $7.30  a  head.  Both  lots  of  steers  on 
grass  alone  netted  essentially  the  same  profit,  exclusive  of  pasture 
and  other  miscellaneous  charges.  Detailed  results  of  the  summer 
feeding  are  given  in  Table  6. 

SUMMARY  OF  PRODUCTION  STUDIES 

The  Good  steers  made  greater  winter  gains  in  proportion  to  feed 
consumed  than  the  Medium  steers.  In  an  average  winter  feeding 
period  of  140  days  for  the  three  years,  the  Good  steers  (lot  1)  gained 
78  pounds  a  head,  as  compared  to  59  pounds  for  the  Medium  grade 
(lot  2).  Average  results  of  the  three  years'  feeding  experments  are 
given  in  Table  7. 

Table  7. — Average  winter  and  summer  weights  and  gains  of  steers,  daily  jeedy 
and  profits  per  steer,  and  initial  and  sales  prices  per  100  pounds,  for  the  3-year 
period 


Lot  1 

Lot  2 

Item 

Entire 
lot 

A,  Good 

steers  on 

grass  and 

grain 

B,  Good 

steers  on 

grass 

alone 

Entire 
lot 

A,  Medi- 
um steers 
on  grass 
and  grain 

B,  Medi- 
um steers 
on  grass 
alone 

Initial  winter  weight 

Pinal  winter  weight 

pounds- 
do  ... 

966 

1,044 

78 

.56 

25.50 
5.79 
1.00 

918 

977 

59 

.     .42 

24.10 
6.73 
1.00 



do.... 

do. 

do.... 

do.... 

-do.... 

do..-. 

Daily  winter  gain 

Daily  winter  feed: 

Corn  silage        . 

Wheat  straw 

Cottonseed  meal 

Initial  summer  weight 

1,045 

1,362 

317 

2.53 

6.96 
1.63 

1,043 

1,271 

228 

1.81 

977 

1,314 

337 

2.69 

5.76 
L57 

976 

Final  summer  weight 

do___^ 

1,226 

Total  summer  gain  (average  125  davs^     do 

249 

do 

L99 

Daily  supplement: 

Corn             

do.... 

do.... 

dollars.. 

do.... 

ture  charge) 
-.-.dollars.. 

""7.'65" 

Cottonseed  meal       

• 

Initial  cost  per  100  pounds 

Sales  price  per  100  pounds 

Profits  per  steer  (exclusive  of  pas 

6.40 


13.27 
57.04 

12.03 
46.51 

12.47 
56.64 

n.25 
48.02 

An  average  of  the  summer  gains  for  the  three  years  shows  that  the 
Good  steers  fed  grain  (lot  lA)  gained  317  pounds  as  compared  to  337 
pounds  for  the  Medium  grade  (lot  2A)  handled  in  like  manner.  The 
mcreased  gain  of  the  Medium  steers  over  the  Good  grade  amoimted 
to  6.3  per  cent. 

The  Good  steers  on  grass  alone  (lot  IB)  made  an  average  summer 
gain  of  228  pounds,  as  compared  to  249  pounds  for  the  Medium 
steers  (lot  2B)  on  grass  alone.  The  average  increased  gain  of  the 
Medium  steers  on  grass  alone  for  the  three  years  was  9  per  cent. 
Figure  7  shows  grapriically  the  average  winter  and  summer  gains  for 
the  three  years. 

A  supplement  of  com  and  cottonseed  meal  increased  the  summer 
gains  37  per  cent  as  an  average  for  the  three  years'  experiments. 

The  feeding  of  grain  increased  the  selling  price  of  both  grades  of 
steers  more  than  10  per  cent,  the  Medium  grade  having  a  slight  ad- 
vantage.    The  Medium  steers  fed  grain  made  a  margm  of  $6.07  a 
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100  pounds  as  compared  to  $5.62  for  the  corresponding  lot  of  Good 
grade.  The  Medium  and  Good  steers  on  grass  alone  made  a  margin 
of  $4.85  and  $4.38  a  100  pounds,  respectively. 

The  three  years'  experiments  reported  in  this  bulletin  indicate  that 
the  gains  and  finish  of  3-year-old  steers  on  good  pasture  can  be  in- 
creased sufficiently  by  the  feeding  of  a  grain  supplement  to  more 
than  offset  the  additional  expense.  Although  the  feeding  of  a  grain 
supplement  increases  the  gains  of  steers  on  grass,  the  increased 
gain  may  not  necessarily  be  put  on  at  a  profit,  as  the  buying  and  selhng 
prices  of  the  cattle  may  have  a  more  direct  bearing  on  the  profits 
than  the  feed  costs. 

W/V^£J^  F£f£>//VG  PS/P/OD  (/¥^  /i4XS)    56m/S^6ie4Z//]/(7/=iSe/0^  (/2S£i4ys) 
^i^^/e/io£-  -3  yjE-^jes  ^i^^,e>i(?^  3  y£-A/z3 


Figure  7.— Average  winter  and  summer  gains  of  Good  and  Medium  steers  for  the  three  years' 

experiments 

Good  and  Medium  steers  handled  similarly  during  the  winter  feed- 
ing period  and  through  the  summer  grazing  period  following  may  be 
expected  to  make  similar  total  gains.  The  relative  returns  of  each 
grade  will  therefore  depend  primarily  on  the  margins  obtained. 

MEAT  STUDIES 

Formerly,  reports  of  the  effectiveness  and  desirabifity  of  various  live- 
stock-production practices  were  made  on  the  basis  of  gain,  cost  of  gain, 
and  comparative  selling  price.  The  first  two  recorded  the  economic 
efficiency  of  the  methods  used.  Selling  price  was  frequently  used  by 
animal-husbandry  investigators  as  the  measure  of  the  amount  and 
character  of   the   product.      Although  it    was    the    best    yardstick 
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available,  its  use  is  open  to  serious  criticism.  In  the  first  place,  it  was 
the  opinion  of  a  man  or  a  small  group  of  men.  Moreover,  the  per- 
sonnel of  these  appraisers  varied  from  year  to  year  and  from  experi- 
ment to  experiment,  introducing  the  added  variables  of  personal 
ability  and  the  influence  of  current  market  demands. 

From  the  research  standpoint,  however,  the  most  serious  fault  of 
this  wddely  used  system  lies  in  the  fact  that  the  quality  measure  used 
is  a  single  statement,  incapable  of  disclosing  the  various  factors  that 
created  it.  Any  selling  price  is  a  compromise,  in  which  dressing  per- 
centage, weight,  fatness,  conformation,  appearance,  palatability,  and 
current  market  demand  alternately  raise  and  lower  the  value  in  the 
appraiser's  mind.  Selling  price,  even  if  accurate,  is  but  a  general 
statement  from  the  viewpoint  of  the  market  and  the  consumer.  It 
affords  no  detailed  information  as  to  the  strengths  or  weaknesses  of 
the  rations  used. 

The  meat  investigations  reported  here  are  part  of  a  series  that  has 
been  designed  to  separate  and  compare  the  various  characteristics 
of  amount  and  quality  that  the  market  considers  under  the  one  term, 
'^ selling  price."  An  effort  is  made  to  break  up  this  single,  all-inclu- 
sive statement  into  cause  and  effect. 

Detailed  information  as  to  the  influence  of  such  factors  as  age, 
weight,  type,  breed,  sex,  and  ration  on  the  tenderness  and  flavor,  the 
yield,  and  the  nutritive  value  of  the  meat  permits  the  adaptation  of 
production  practices  to  the  ever-changing  desires  of  the  consumer. 
It  also  prepares  for  the  producers  the  information  needed  to  develop 
the  greatest  market  value  from  the  stock,  feed,  and  conditions  avail- 
able in  his  locality. 

In  this  particular  experiment,  grade  of  steer  and  a  supplemental 
feed  of  grain  on  grass  were  the  production  factors  studied.  In  the 
following  pages  a  comparison  is  made  of  their  effect  on  the  appearance, 
composition,  structure,  cooking  losses,  and  palatability  of  the  beef. 

METHOD  OF  SAMPUNG 

The  first  year  samples  were  taken  from  only  one  animal  in  each 
lot.  This  inadequate  representation  combined  with  a  subsequent 
change  in  some  of  the  laboratory  technic  made  it  seem  fairer  to 
exclude  the  record  of  the  1925-26  steers  from  the  final  averages. 
In  1926-27,  three  steers  from  each  lot  were  used;  in  1927-28,  five 
steers.  This  larger  representation  proved  to  be  much  more  satis- 
factory. 

It  will  be  recalled  that  the  feeding  trials  of  this  experiment  ex- 
tended over  three  years  and  included  119  steers.  The  meat  studies 
reported  here  include  observations  on  the  meat  from  32  head  selected 
from  the  experiments  of  1926-27  and  1927-28.  This  selection  was 
made  by  the  committee  who  graded  the  carcasses.  They  chose  a 
representative  cross  section  from  each  lot,  in  preference  to  a  sample 
of  similar  carcasses  all  composing  the  middle  or  average  of  the  group. 
This  method  of  selection  will  explain  some  of  the  individual  varia- 
tions noted  in  the  following  tables.  It  will  also  give  more  signifi- 
cance to  averages  and  to  individual  uniformity  where  it  appears. 

The  laboratory  comparisons  of  the  meat  from  these  four  lots  of 
steers  were  made  by  the  use  of  a  standard  rib  sample.  The  data 
would  be  more  nearly  complete  if  the  entire  carcass  had  been  in- 
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eluded,  but  financial  and  laboratory  limitations  confined  the  com- 
parisons to  a  single  wholesale  cut.  The  rib  was  selected  because  of 
the  accuracy  with  which  it  could  be  removed  and  sampled.  Tests 
conducted  in  other  experiments,^  show  that  its  composition  cor- 
relates closely  with  that  of  the  entire  beef  side. 

The  sample  was  cut  according  to  the  standard  procedure  adopted 
by  the  cooperators  for  the  national  project.  By  the  use  of  definite 
measurements  developed  by  Loeffel  and  Trowbridge,^  a  propor- 
tionate part  of  each  front  quarter  was  taken  out  as  the  rib.  The 
cut,  as  made,  was  almost  identical  with  the  commercial  prime  rib 
cut,  Chicago  style.  It  contained  the  twelfth  to  sixth  ribs,  inclusive. 
The  twelfth  rib  was  removed  from  both  the  right  and  left  sides  for 
the  tenderness  tests,  by  cutting  close  to  the  posterior  or  loin  side  of 
the  eleventh  rib.  The  standard  middle  sample  was  removed  by 
cutting  close  to  the  posterior  side  of  the  eighth  rib.  The  cut  com- 
prising the  ninth,  tenth,  and  eleventh  ribs  from  the  right  side  was 
used  for  the  physical  and  chemical  analyses.  The  same  cut  from 
the  left  side  was  used  for  color  comparisons  and  cooking  tests.  The 
eye  muscle  from  the  left  eighth  rib  was  reserved  for  histological 
examination. 

PRESENTATION  OF  THE  DATA 

In  the  presentation  of  data,  the  average  of  the  two  1-year  experi- 
ments conducted  in  1926-27  and  1927-28  is  given  as  the  final  figure. 
The  variation  or  consistency  obtaining  between  the  two  years'  work  is 
noted  in  the  discussion  but  the  yearly  summaries  are  not  included  iii 
the  tables.  Lots  have  usually  been  ranked  in  accordance  with  their 
yield  or  rating.  For  the  reader's  convenience  the  difference  between 
lots  is  also  shown.  Individual  ranges  are  supplied  in  place  of  the 
standard  deviation. 

To  obviate  the  necessity  for  constant  reference  to  the  ration  and 
grade  of  each  lot  of  steers,  a  brief  terminology  has  been  suffixed  to 
each  lot  number.  Lots  lA  and  2 A,  the  Good  and  Medium  grade 
steers  that  received  a  supplement  of  grain  on  grass,  are  termed  "Good 
grade,  grain  on  grass,"  and  ''Medium  grade,  grain  on  grass."  Lots 
IB  and  2B,  the  Good  and  Medium  steers  fed  on  pasture  alone,  are 
termed  ''Good  grade,  grass  alone,"  and  "Medium  grade,  grass  alone." 
The  grain-fed  lots  received  an  average  supplemental  grain  ration  of 
only  Qji  to  8K  pounds  a  head  daily  and  should  not  be  compared  with 
strictly  grain-fed  cattle. 

GRADING  OF  THE  ANIMALS  AND  CARCASSES 

The  steers  were  graded  individually  as  feeders,  as  slaughter  animals, 
and  in  the  carcass,  in  order  to  record  the  visible  evidence  of  variation 
in  conformation,  finish,  and  quality.  Detailed  descriptive  charts  were 
used  for  this  purpose  that  resembled,  in  principle,  the  familiar  stock- 
judging  score  card  of  the  classroom.^ 

In  accordance  with  the  classification  developed  by  the  Bureau  of 
Agricultural  Economics  the  feeder  chart  included  six  grades  ranging 
from  "Fancy"  to  "Inferior."     The  slaughter  cattle  and  the  carcass 

B  Chatfield,  C.    proximate  composition  of  beef.    U.  S.  Dept.  Agr.  Circ.  389,  19  p.,  illus.  1926. 
3  United  States  Department  of  Agriculture,  Bureau  of  Animal  Industry,    a  study  of  the 
FACTORS  WHICH  influence  THE  QUALITY  AND  PALATABiLiTY  OF  meat.    76  p.    Revised,  1927.   [Mimeographed 
*  Slater,  D,  J.    market  classes  and  grades  of  cattle.    U.  S.  Dept.  Agr.  Bui.  1464,  88  p.,  illus.     1927. 
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charts  included  seven  grades,  "Prime''  to  "Low  Cutter."  For  each 
of  the  characteristics  or  elements  of  conformation,  finish,  and  quality, 
a  comparative  word  series  was  provided  that  varied  from  the  descrip- 
tion of  the  most  desirable  development  for  the  highest  grade  to  that 
of  the  least  desirable  for  the  lowest. 

For  example,  the  description  of  general  width  of  body  in  the 
slaughter  animal  varied  through  seven  grades  from  "Very  wide" 
through  "Wide,"  "Moderately  wide,"  "SHghtly  narrow,"  "Narrow," 
"Very  narrow,"  to  "Extremely  narrow."  The  degree  of  marbling  in 
the  carcass  chart  ranged  from  "Abundant  and  extensive"  in  the 
Prime  grade  to  "Slightly  deficient  and  limited  distribution "  in  the 
Good  grade,  and  to  "None  visible "  in  the  lowest  or  Low  Cutter  grade. 
Grade  descriptions  of  the  feeder  cattle  were  designed  to  note  differ- 
ences that  are  usually  associated  with  the  feeding  capacity  or  outcome 
of  the  steer.  For  instance,  the  most  desirable  conformation  of  middle 
or  belly  was  listed  as  "Very  large,"  the  medium  grade  as  "SHghtly 
restricted,"  and  the  inferior  grade  as  "Restricted." 

With  this  system  the  work  of  the  grader  was  done  without  immedi- 
ate reference  to  the  actual  grade,  his  only  function  being  to  check  the 
adjectives  that  most  nearly  described  each  part. 

In  developing  these  charts  and  making  them  suitable  for  summariza- 
tion, it  was  found  necessary  to  assign  a  numerical  value  to  each 
element  or  characteristic.  Any  such  value  is  necessarily  arbitrary. 
Those  used,  however,  were  determined  by  comparing  the  proportion- 
ate weight  and  selling  price  of  the  wholesale  cuts  with  those  of  the 
entire  carcass.  Wholesale  Chicago  quotations  for  Good  beef  from 
1921  to  1924,  inclusive,  were  used  for  this  computation.  The  Chicago 
style  of  cutting  beef  was  used  in  figuring  the  cutting  yields. 

The  maximum  value  assigned  to  each  item  was  credited  to  the 
description  appearing  under  the  highest  grade.  The  value  or  score 
for  the  lower  grades  was  proportionately  less,  down  to  a  minimum  of 
40  per  cent  of  the  maximum  for  the  lowest  grade  of  feeder  cattle,  and 
to  30  per  cent  for  slaughter  cattle  and  beef  carcasses. 

The  grading  was  done  by  a  committee  of  three  members  working 
independently.  Using  the  assigned  values,  the  average  opinion  of 
the  committee  was  determined  for  both  the  individual  items  and  for 
the  final  grade  of  each  animal  and  carcass. 

In  1925-26  and  1926-27  arrangements  were  made  to  sell  one-half 
of  each  lot  of  steers  in  Jersey  City  to  obtain  a  commercial  appraisal. 
In  1927-28  the  remodeling  of  the  Government  meat  laboratory  at 
Beltsville  necessitated  slaughtering  all  the  cattle  at  Jersey  Citv.  In 
two  of  these  cases  the  experiment  fell  victim  to  the  well-known 
urgencies  of  business.  Although  arrangements  had  been  made  for 
grading  the  chilled  carcasses  after  ribbmg,  the  local  packers  shipped 
the  entire  lot  before  the  appointed  time. 

As  a  result  some  of  the  carcass  grades  are  incomplete  and  lack  the 
description  of  eye,  marbling,  color,  and  similar  items.  The  carcass 
grades  appearing  in  Tables  8  and  9  are  based  on  the  record  of  only 
those  carcasses  for  which  a  complete  grading  could  be  made. 
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Table  8  compares  the  average  grade  of  these  four  lots  of  steers  as 
feeders,  slaughter  cattle,  and  in  the  carcass.  Figures  8  to  19  show 
representative  animals  from  each  lot  as  a  feeder,  at  slaughter,  and  the 
rib  samples  from  their  carcasses. 

Lot  lA,  the  Good  grade  cattle  fed  grain  on  pasture,  graded  con- 
sistently higher  as  slaughter  cattle  than  the  others.  Lot  2B,  the 
Medium  grade  grass-alone  lot  was  persistently  last.  Lot  IB,  the 
Good,  grass-alone  steers,  and  lot  2A,  the  Medium,  grain-on-grass 
steers  were  graded  close  together  at  slaughter  without  either  showing 
a  definite  superiority. 

Comparison  of  feeder  and  slaughter  grades  for  the  respective  lots 
reveals  a  very  definite  and  consistent  trend  throughout  the  three 
experiments.  The  Good  grade  feeders  receiving  a  supplement 
maintained  a  corresponding  grade  of  Good  as  slaughter  animals, 
while  those  on  grass  alone  lost  one-third  to  one-half  a  grade  during 
the  feeding  period.  Of  the  Medium  feeders  those  fed  grain  had 
improved  about  one-third  of  a  grade  when  the  experiment  closed 
while  those  on  grass  alone  graded  slightly  lower  as  slaughter  cattle 
than  they  had  graded  as  feeders. 

The  average  summer  gains  per  steer  are  given  in  Table  8  for  com- 
parison with  these  grade  changes.  It  will  be  noted  that  the  supple- 
ment-fed lots  made  very  similar  gains,  317  pounds  for  the  Good  grade 
and  337  for  the  Medium.  In  spite  of  this  similarity,  however,  the 
Medium  lot  improved  their  grade  during  the  feeding  period  more  than 
the  Good  grade. 

Both  grass-alone  lots  graded  lower  as  slaughter  cattle  than  as  feed- 
ers but  the  Good  grade  dropped  3.7  points  while  the  Medium  steers 
lost  but  1 .7  points.  Yet  both  lots  made  comparable  gains,  228  pounds 
and  249  pounds,  respectively. 

It  appears  from  these  resists  that  it  takes  a  greater  actual  gain  to 
maintain  or  improve  the  grade  of  Good  cattle  than  it  does  that  of 
feeders  of  a  Medium  grade.  Of  special  interest  is  the  fact  that  these 
results  with  mature  steers  coiTcspond  to  those  from  other  experiments 
in  which  cattle  of  various  ages  and  degrees  of  finish  have  been  com- 
pared.^ 

In  general,  the  carcass  and  slaughter  grades  conformed  to  the  com- 
parative dressing  percentage  and  fat  content  of  the  four  lots  as  noted 
m  the  following  pages.  The  chief  exception  is  the  slightly  higher 
grade  of  the  Good  cattle  fed  grass  alone  as  compared  with  the  Medium 
grade  receiving  grain. 

Eight  subdivisions  of  the  carcass-grading  chart  describing  such 
points  as  color,  texture,  and  marbling  have  been  selected  for  special 
analysis  in  Table  9.  The  ones  chosen  are  those  considered,  in  market 
channels,  as  being  most  indicative  of  the  quality  of  the  meat.  Because 
of  the  unfortunate  combination  of  cu-cumstances  under  which  some 
of  these  cattle  were  killed  and  graded,  this  summary  includes  only  59 
head,  or  half  those  handled  in  1925-26  and  all  the  1926-27  steers. 
This  selection  includes  only  12  of  the  32  cattle  used  in  the  detailed 
meat  studies. 

»  Unpublished  data. 
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Figure  8.— Steer  No.  6,  Good  grade,  grain  on  grass,  as  a  feeder 


Figure  9.— Steer  No.  6,  Good  grade,  grain  on  grass,  at  slaughter 
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Figure  10.— Rib  sample  from  steer  No.  6,  Good  grade,  grain  on  grass 


Figure  11.— Steer  No.  17,  Good  grade,  grass  alone,  as  a  feeder 
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FKiUUK  12.— Sleer  .No.  17,  Good  grade,  grass  alone,  at  slaughter 


Figure  13.— Rib  sample  from  steer  No.  17,  Good  grade,  grass  alone 
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Figure  14.— Steer  No.  28,  Medium  grade,  grain  on  grass,  as  a  feeder 
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Figure  15.— Steer  No.  2S,  Medium  grade,  grain  on  grass,  at  slaughter 
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Figure  16.— Rib  sample  of  steer  No.  2S,  Medium  grade,  grain  on  grass 


Figure  17.— Steer  No.  36,  Medium  grade,  grass  alone,  as  a  feeder 
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Figure  18. — Steer  No.  36,  Medium  grade,  grass  alone,  at  slaughter 


Figure  19.— Rib  sample  from  steer  No.  m,  Medium  grade,  grass  alone 
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The  maximum  score  listed  under  each  item  is  the  part  of  the  100 
points  of  the  complete  carcass-grading  chart  that  was  allotted  to  that 
particular  characteristic.  It  will  be  recalled  that  provision  was  made 
on  the  grading  chart  for  the  recognition  of  seven  grades  or  degrees  of 
desirability  with  a  verbal  description  for  each  of  the  grades.  Thus, 
thickness  of  flesh  varied  from  ''very  thick''  with  a  perfect  score  of  4, 
through  /'thick,  "  "moderately  thick,"  "slightly  thin,"  "thin," 
"very  thin,"  and  "extremely  thin."    Color  of  lean  began  with  "light 

cherry  red,"  "slightly 
dark  red"  being  the 
middle  of  the  seven 
grades,  andended  with 
"extremely  dark  red  " 
as  the  color  descrip- 
tion of  the  lowest  or 
Low  Cutter  grade. 

The  comparisons  in 
Table  9  show  a  slight 
trend  toward  accepted 
market  standards  in 
the  description  of  the 
meat  from  the  Good 
and  supplement-fed 
lots.  There  was  also 
a  fairly  consistent  de- 
crease in  the  numeri- 
cal grades  from  lot  1 A 
through  to  lot  2B, 
as  recorded  by  the 
graders. 

COLOR  COMPARISONS 

Dark-red  lean  beef 
is  believed,  in  com- 
mercial channels,  to 
be  tougher  and  less 
palatable  than  that 
of  a  bright  cherry-red 
color.  Many  market 
men  also  think  that 
grass-fed  beef  has  a 
darker  color  than  the 
meat  from  steers  that 
have  been  fed  grain. 
With  these  facts  in  mind,  special  effort  was  made  to  compare  the 
color  of  the  meat  from  these  grass  and  supplement-fed  steers.  To 
do  this  it  was  first  necessary  to  establish  a  color  standard.  A  color 
comparator,  or  spinning  disk,  was  finally  devised  in  which  varying 
amounts  of  red,  yellow,  white,  and  black  could  be  combined  until 
the  color  of  the  meat  was  matched.  (Fig.  20.)  When  observed  by 
means  of  this  instrument,  the  field  holding  the  meat  sample  crosses 
that  holding  the  color  cards. 

By  altering  the  proportionate  exposed  area  of  the  various  colors 
on  the  spinning  disk,  its  color  can  be  changed  until  the  two  fields 


Figure  20.— Color  comi)arator.    One-half  the  field  seen  through  eye- 
piece contains  the  color  of  the  spinning  disk, the  other  half  the  color 
of  the  sanii)les.    Adjustment  is  made  to  keep  both  objects  slightly 
ut  of  focus 
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match.  The  exposed  area  of  each  color  on  the  disk  is  tnen  measured 
and  recorded.  In  collaboration  with  the  national  cooperative  com- 
mittee, there  was  also  developed  a  color  series  corresponding  to  the 
colors  of  the  lean  of  beef  from  animals  over  18  months  of  age.  Each 
color  was  given  a  number.  The  lightest  one  is  called  Al  and  the 
darkest  AlO.  This  standard  series  was  available  before  the  spinning 
disks  and  is  the  basis  for  the  color  readings  given  in  Table  10.  This 
table  includes  only  the  rib  samples  on  which  comparable  color  studies 
could  be  made. 

Table    10. — Color  of  uncooked  eleventh  rib  eye,   30  minutes   after  cutting  when 
matched  with  standard  series 

[Lots  averaged  and  ranked  according  to  lightest  color] 


Year 

Steers 

Lot  designation 

Average  color 
readings  i 

Range 

within 

lot 

Number 

1  \ 

lA,  Good  grade,  grain  on  grass      

A  4.7 

A2-A10 

2A,  Medium  grade,  grain  on  grass 

A  4.8 

A3-A10 

Average  of  two  years 

A  6.3 

A4-A10 

IB,  Good  grade,  grass  alone 

A  7.6        

A5-A10 

1  Lightest  shade  of  red  was  called  Al,  the  darkest  AlO. 

The  figures  in  Table  10  show  a  slightly  hghter-colored  lean  in  the 
beef  from  the  steers  that  had  received  a  supplement  of  grain  on  grass. 
However,  there  was  too  wide  an  individual  variation  in  each  lot  to 
warrant  conclusions  on  this  point. 

DRESSING  PERCENTAGES 

In  presenting  these  figures  it  should  be  emphasized  that  the  relation 
between  the  carcass  and  Hve  weight  of  an  animal  is  not  always  an 
accurate  criterion  of  its  conformation  and  fatness.  Individual  varia- 
tions in  live  weight,  owing  to  fill,  may  cause  extreme  differences  in 
yield.  Comparisons  of  dressing  percentages  are  chiefly  significant 
when  the  contrast  is  fairly  large  and  when  the  ranking  of  respective 
lots  shows  a  definite  consistency  through  several  experiments.  There 
is  also  much  to  be  said  in  favor  of  the  use  of  final  feed-lot  and  hot- 
carcass  weights  for  lot  comparisons  through  a  series  of  experiments. 
Fewer  variables  are  introduced  than  where  results  are  based  on  later 
weights.  Consideration  of  these  factors  has  convinced  the  cooper- 
ators  in  the  meat  studies  that  carcass  yields  should  be  reported  as 
in  Table  11. 

Table  11. — Dressing  percentages  based  on  final  feed-lot   and  hot-carcass   weights 
[Lots  averaged  and  ranked  according  to  largest  yield] 


Steers 


Lot  designation 


Dressing 
percentage 


Difference 
between  lots 


Number 
29 
30 
30 
30 


lA,  Good  grade,  grain  on  grass 

2A,  Medium  grade,  grain  on  grass 

IB,  Good  grade,  grass  alone— 

2B,  Medium  grade,  grass  alone.. . 


57.71 
56.03 
55.35 
54.03 


Per  cent 
L( 


,68 


XOTE.— 3-year  average  reported. 
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The  comparative  dressing  percentages  of  the  four  lots  of  steers 
for  each  of  the  three  trials  when  arranged  from  highest  to  lowest 
conformed  exactly  to  the  order  shown  in  Table  11.  With  the  ex- 
ception of  a  very  close  comparison  between  the  grain-fed  lots  in  the 
1925-26  test  the  margins  between  the  lots  are  also  consistent  with  the 
average.  These  facts  would  indicate  the  very  definite  influence  of 
grade  and  of  a  supplemental  feed  of  grain  on  a  larger  dressing  yield. 

Based  on  slaughter  and  cold  weights  obtainable  from  this  and 
other  experiments,  it  is  estimated  that  the  use  of  those  figures  would 
have  increased  the  dressing  percentage  from  2  to  4  per  cent. 

Unfortunately  it  was  impossible  to  obtain  the  cutting  yields  in 
this  series  of  tests. 


PHYSICAL  ANALYSIS  OF  RIB  SAMPLES 

The  ninth- tenth-eleventh-rib  sample  was  mechanically  separated 
into  bone,  eye,  other  lean,  and  fat.  Bone  weights  are  subject  to  the 
normal  variation  in  splitting  the  backbone.  The  connective  tissue 
was  removed  from  the  eye  muscle  before  weighing.  The  small 
multifidus  dorsi  muscle  was  included  with  the  section  of  the  longissi- 
mus  dorsi  as  eye  muscle.  The  fat  sample  contained  but  little  lean, 
though,  of  course,  small  portions  of  the  fat  were  inseparable  from  the 
other  lean.  Tables  12  to  16  show  the  physical  analysis  of  the  32  ribs 
studied  in  the  1926-27  and  1927-28  experiments.  Each  item  has 
been  listed  in  a  separate  table.  Yields  are  based  on  the  entire  ninth- 
tenth-eleventh-rib  sample  as  100  per  cent. 

Table  12  is  included  to  show  the  weights  of  each  part.  It  will  be 
noted  that  the  four  lots  compare  quite  closely  as  to  the  actual  weight 
of  eye  muscle  and  of  bone. 

Table  12. — Physical  analysis  of  right   ninth-tenth-eleventh-rib   samples   averaged 
and  ranked  according  to  lot  number 


Steers 

Average  weight  per  sample  of— 

Year 

Lot  designation 

^r 

Eye 

Other 
lean 
meat 

Fat 

Bone 

Average  of  two 

Number 

1  i 

lA,  Good  grade,  grain  on  grass, 

IB,  Good  grade,  grass  alone 

Pound* 
12.  53 
10.44 
12.17 
10.35 

Pov  nds 

2.r.s 

2.70 
2.65 
2.53 

Pounds 
3.60 
2.93 
3.36 
3.21 

Pounds 
3.92 
2.32 
3.61 
2.25 

Pounds 
2.43 
2.49 

years. 

2A,  Medium  grade,  grain  on  grass... 
2B,  Medium  grade,  grass  alone 

2.56 
2.36 

The  figures  in  Table  13  show  a  lower  percentage  yield  of  bone  in 
the  rib  cuts  from  the  steers  that  received  a  supplement  of  grain  on 
grass  than  from  those  finished  on  grass  alone,  as  would  be  expected. 
The  results  for  the  two  years  are  consistent  with  the  exception  of  a  close 
similarity  between  the  fipires  for  both  the  Medium  lots  in  1926-27. 
In  that  mstance,  the  individual  range  for  the  grain-fed  lot  dropped 
1.10  per  cent  below  the  lowest  figure  for  the  lot  on  grass  alone, 
although  one  rib  from  lot  2 A  fed  grain  on  grass  contained  0.95  per 
cent  more  bone  than  any  from  the  steers  without  a  grain  supplement. 
The  fact  is  of  peculiar  interest  that  the  rib  samples  of  the  Good 
steers  on  grass  alone  contained  proportionately  more  bone,  in  both 
tests,  than  any  of  the  others. 
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Table  13. — Percentage  yield  of  bone  in  the  right  ninth-tenth-eleventh-rib  samples 
[Lots  averaged  and  ranked  in  order  of  smallest  yield] 


Steers 

Lot  designation 

Bone 

Year 

In  rib 
sample 

Range 
within  lot 

Number 

1  I 

lA,  Good  grade,  grain  on  grass 

Per  cent 
19.39 
20.95 
22.80 
23.85 

Per  cent 
17.  21-22. 40 

Average  of  two  years 

2A,  Medium  grade,  grain  on  grass. 

17.  68-27. 02 

2B,  Medium  grade,  grass  alone 

18  46-26  07 

IB,  Good  grade,  grass  alone 

20.  34-30. 19 

Proportionate  amounts  of  physically  separable  fat  in  the  selected 
rib  samples  from  the  four  lots  of  steers  indicate  a  higher  fat  content 
in  the  meat  from  those  animals  that  had  received  a  supplemental 
feed  of  grain.  This  alignment  is  consistent  for  the  two  years  and  is 
reflected  in  the  range  of  the  fat  yield  of  the  individual  steers.  The 
range  in  the  grass- alone  steers  is  much  greater  than  that  of  the  other 
two  lots  (Table  14). 

The  ribs  from  the  Good  steers  averaged  a  higher  proportion  of 
fat  than  those  from  the  Medium  grade.  The  dfierences,  however, 
were  not  consistent  between  the  two  years'  work. 

Table  14. — Percentage  yield  of  physically  separable  fat  in  the  right  ninth-tenth- 
eleventh-rib  samples 
[Lots  averaged  and  ranked  according  to  the  largest  yield] 


Year 

Steers 

Lot  designation 

Physically  separable 
fat 

In  rib 
sample 

Range  of 
lot 

Number 

{         8 

8 
8 
8 

lA,  Good  grade,  grain  on  grass  - 

Per  cent 
31.29 
29.66 
22.22 
21.74 

Per  cent 
27.  69-33.  67 

Average  of  two  years 

2A,  Medium  grade,  grain  on  grass 

22. 13-35. 06 

IB,  Good  grade,  grass  alone 

12. 12-31.  32 

2B,  Medium  grade,  grass  alone. 

13.  81-28.  39 

As  might  be  expected,  the  ribs  from  the  fatter,  supplement-fed 
steers  produced- a  smaller  proportion  of  eye  muscle  than  those  from 
the  cattle  fed  grass  alone.  These  facts  would  indicate  that  fattening 
increases  the  weight  of  the  tissues  around  this  muscle  more  rapidly 
than  it  increases  the  weight  of  the  eye  itself.  There  was  no  consistent 
relationship  between  the  yield  of  eye  muscle  from  the  two  grades  of 
steers  (Table  15). 

Table  15. — Percentage  yield  of  eye  muscle  in   the  right   ninth-tenth-eleventh-rib 

samples 

[Lots  averaged  and  ranked  according  to  the  largest  j^eld] 


Year 

Steers 

Number 

Aver- 

8 

age  of 

8 

two 

8 

years. 

8 

Lot  designation 


Eye 


In  rib 
sample 


Range  of 
lot 


IB,  Good  grade,  grass  alone 

2B,  Medium  grade,  grass  alone..- 
2A,  Medium  grade,  grain  on  grass 
lA,  Good  grade,  grain  on  grass. . . 


Per  cent 
25.86 
24.44 
2L78 
20.59 


Per  cent 
22. 84-29. 34 
21.67-27.42 
18.  43-26.  22 
18.  58-22. 93 
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In  the  yield  of  other  lean,  the  ranking  of  the  four  lots  is  most 
inconsistent  for  the  two  years.  Individual  ranges  also  cross  and 
recross  one  another  so  often  that  no  trend  is  indicated.  Possibly 
there  was  no  consistent  difference  between  them.  Possibly  methods 
of  separation  need  improvement  (Table  16). 

Table  16. — Percentage  yield  of  mechanically  separable  other  lean  in  the  right 
ninth-tenth-eleventh-rib  samples 

[Lots  averaged  and  ranked  according  to  largest  yield] 


Steers 

lot  designation 

Other  lean 

Year 

In  rib 
sample 

Range  of 
lot 

Num- 
ber 

I    i 

8 
I         8 

2B,  Medium  grade,  grass  alone... 

Percent 
31.02 
28.73 
28.07 
27.61 

Percent 
26. 16-41  65 

Average  of  two 

lA,  Good  grade,  grain  on  grass 

26  19-32  42 

years 

IB,  Good  grade,  grass  alone 

23  Oft-31  68 

2A,  Medium  grade,  grain  on  grass... 

24  62-32  96 

CHEMICAL  COMPOSITION  OF  RIB  SAMPLES 

Chemical  analysis  of  the  rib  sample  establishes  the  basis  for  esti- 
mating the  nutritive  value  of  the  meat  and  the  fatness  of  the  carcass. 
From  the  standpoint  of  quick  determination  or  visual  appraisal, 
considerable  interest  also  attaches  to  the  comparison  of  the  chemical 
and  physical  analyses. 

The  mechanically  separated  tissues  from  the  right-rib  samples  were 
ground  twice  through  the  Ke-inch  plate  of  a  meat  grinder  and  mixed 
thoroughly  by  hand.  Samples  for  analysis  were  taken  at  random 
from  several  different  portions  of  the  ground  meat.  The  Kjeldahl 
method  was  used  for  the  determination  of  nitrogen,  the  accepted 
factor  of  6.25  being  applied  to  estimate  the  protein.  Fat  was  ex- 
tracted with  ether.  Moisture  was  determined  by  the  Bidwell- 
Sterling  distillation  method,  a  water-saturated  solution  of  toluene 
being  used.    Duplicate  samples  were  run  for  each  determination. 

The  average  fat  content  of  the  rib  samples,  as  showTi  in  Table  17, 
and  the  comparison  of  the  two  years'  experiments  -  indicate  a  con- 
sistently higher  fat  yield  in  the  ribs  from  the  steers  that  had  had  a 
supplemental  feed  of  grain  on  grass.  This  result  would  have  been 
expected  from  the  rations  used.  The  average  fat  content  of  the  two 
lots  fed  grain  was  38.71  per  cent  of  the  edible  portion  of  the  rib  sample 
and  for  the  two  grass-alone  lots  30  per  cent.  Considering  the  small 
amount  of  grain  fed  to  lots  lA  and  2A,  6)2  to  8}^  pounds  daily,  the 
size  of  this  difference,  8.71  per  cent,  is  most  strndng.  Of  equal 
interest  is  the  comparatively  high  fat  content  of  the  thumest  lots. 
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Table  17. — Chemical  corn-position  of  edible  'portion  of  right  ninth-tenth-eleventh-rib 

samples 

[Lots  averaged  and  ranked  according  to  fat  content] 


1 

1 

\ 

v'ater 

Ether  extract  (fat) 

Protein 

Year 

Steers 

Lot  designation 

Ined- 
ible 
portion 

Range  in 
lot 

Ined- 
ible 
portion 

Range  in 

lot 

Ined- 
ible 
portion 

Range  in 
lot 

Num- 

ber 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

■      8 

lA,  Good  grade,  grain 
on  grass. 

45.50 

39.  83-49.  97 

40.35;  34.58-47.57 

13.64 

11.  43-15.  20 

Average 

8 

2A,     Medium    grade, 

48.01 

43.  57-55.  80 

37.08;  27.66-43.29 

14.17 

12.  64-15.  54 

of  two 

gram  on  grass. 

years. 

8 

IB,  Good  grade,  grass 
alone. 

52.96 

45.  79-60.  15 

30.22    19.54-39.95 

15.87 

13.  33-18.  55 

i      8 

2B,     Medium     grade, 
grass  alone. 

53.26 

46.  41-60.  16 

29.78   20.50-38.86 

16.17 

13.  77-18. 07 

Estimating  the  analysis  of  the  entire  7-rib  cut  from  the  fat  content 
of  the  ninth-tenth-eleventh-rib  sample  ^  the  supplement-fed  lots 
would  have  produced  a  standing  rib  with  approximate!}^  36.5  per 
cent  of  fat,  and  the  grass-fed  28  per  cent.  Regular  7-rib  cuts  con- 
taining 31  per  cent  of  fat  are  classed  as  fat  by  Chatfield  ^  with  those 
possessing  44  per  cent  as  very  fat.  On  this  basis  the  ribs  from  the 
grass-alone  lots  were  near  the  average  of  the  fat  group,  with  those 
from  the  supplement-fed  lots  almost  halfway  between  the  fat  and 
the  very  fat  classification. 

Explanation  of  this  comparatively  high  condition  in  all  four  lots 
would  seem  to  lie  in  the  age  or  near  maturity  of  the  steers.  They 
were  3)2  years  old  when  the  experiment  closed  and  it  would  appear 
that  cattle  of  that  age  are  capable  of  laying  on  considerable  finish  on 
grass  alone. 

The  difference  in  the  fat  content  of  the  rib  samples  from  the  two 
grades  of  cattle  was  not  marked  or  consistent.  Particular  attention 
is  called  to  the  wide  range  in  the  fat  content  of  the  samples  from  the 
different  steers.  The  maximum  and  minimum  percentages  for  each 
lot  followed  the  same  general  order  as  that  of  their  respective  averages. 
However,  the  range  was  so  wide  within  each  lot  as  to  present  definitely 
the  individuality  of  each  animal  as  a  factor  to  be  considered  in  the 
interpretation  or  application  of  these  results. 

Protein  and  moisture  percentages  in  the  rib  samples  varied  inversely 
with  the  fat  content.  This  relation  is  consistent  for  both  the  average 
and  for  the  two  experiments.  It  also  extends,  with  minor  variations, 
to  the  respective  individual  ranges  within  each  lot.  This  fact  indi- 
cates that  maturing  animals  increase  their  fat  storage  at  a  greater 
rate  than  they  enlarge  their  muscle  tissue.  It  also  suggests  a  problem 
in  both  nutrition  and  consumer  economics  that  must  be  considered  in 
evaluating  this  meat.  Reexamination  of  Table  12,  showing  the 
weight  of  bone  and  eye  and  other  lean,  reveals  the  fact  that  the  actual 
weight  of  these  products  in  the  roasts  from  all  four  lots  was  very 
similar.  The  chief  difference  and  principal  cause  for  the  increased 
total  weight  of  the  samples  from  lots  lA  and  2 A  were  the  accumiila- 
tion  of  fat.    The  calculated  weights  of  protein  from  the  edible  portion 


6  Unpublished  data. 


Chatfield,  C.    Op.  cit. 
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of  the  rib  as  given  in  Table  18  show  that  the  consumer  would  have 
purchased  nearly  the  same  amount  of  protein  in  the  Ughter  cuts  from 
the  thinner  cattle  as  he  would  have  obtained  in  the  heavier  roasts 
from  the  fatter  lot. 


Table  18. — Calculated  weights  of  water,  fat,  and  protein  in  edible  portion  of  right 
ninth-tenth-eleventh-rib  samples,  based  on  chemical  analysis 

[Lots  averaged  and  ranked  according  to  fat  content] 


Year" 

Steers 

Lot  designation 

Aver- 
age 
total 
weight 
of  rib 
sample 

Average     calculated 
weight,  in  edible  por- 
tion, of— 

Water 

Fat 

Protein 

Number 
f          8 
J          8 

1     I 

lA,  Good  grade,  grain  on  grass 

Pounds 
12.  52 
12.17 
10.44 
10.35 

Pounds 
4.59 
4.62 
4.21 
4.25 

Pounds 
4.07 
3.57 
2.40 
2.39 

Pounds 
1  38 

Average    of    two 

2A,  Medium  grade,  grain  on  grass 

1.36 

years. 

IB,  Good  grade,  grass  alone 

1.26 

2B,  Medium  grade,  grass  alone..  - 

1.29 

The  average  calculated  protein  in  the  edible  portion  of  the  rib 
samples  varied  from  1,38  pounds  for  those  from  the  fattest  lot  to  1.26 
pounds  for  those  from  the  thinnest.  This  difference  of  0.12  pound  is 
8.6  per  cent  of  the  maximum  total  protein,  but  it  includes  all  the  pro- 
tein contained  in  the  rarely  consumed  fat  layer.  If  correction  is  made 
for  the  protein  in  the  fiber  of  this  fat,  the  samples  from  lot  lA  had 
less  than  4  per  cent  more  protein  than  those  from  lot  2B. 

With  such  a  similarity  existing  between  the  rib  samples  from  these 
four  lots  of  steers  as  to  actual  weight  of  protein  and  bone,  any  advan- 
tages accruing  to  the  consumer  from  the  extra  weight  of  the  fatter 
roasts  would  be  largely  from  the  fat  itself,  or  from  the  effect  that  the 
fattening  may  have  had  in  improving  the  desirability  of  the  lean 
meat. 

Reference  to  the  dressing  percentages  given  in  Table  11  discloses 
the  fact  that  the  ranking  of  the  lots  in  accordance  with  fatness  was 
similar  to  their  comparative  dressing  yield. 


FAT  CONTENT  OF  EYE  MUSCLE 


The  development  of  many  of  the  characteristics  or  qualities  of  meat 
often  appears  to  be  due  to  individual  differences  rather  than  to  ration 
or  management.  The  control  of  that  development  may  he  in  the 
field  of  genetics  rather  than  of  nutrition.  The  fat  content  of  the  eye 
muscle  presented  in  Table  19  is  a  case  in  point.  Throughout  both 
experiments  the  supplement-fed  lots  produced  an  eye  sample  with  a 
greater  fat  content  than  that  of  the  grass-alone  lots.  This  higher 
yield  also  conforms  to  the  comparative  percentage  of  total  fat  in  the 
edible  portion  of  the  rib.  However,  the  proportionate  difTerencos 
between  the  fat  content  of  the  eye  muscle  in  the  respective  lots  show 
only  a  general  relation  to  the  differences  appearing  between  the  total 
fat  content  of  the  edible  portion  of  the  entire  sample.  In  addition 
the  individual  range  within  each  lot  is  so  extremely  wide  that  variation 
due  to  grade  or  feeding  appears  to  be  unproved. 
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Table  19. — Ether  extract  (fat)  in  the  eye  muscle  of  the  right  ninth-tenth-eleventh-rib 

samples 

[Lots  averaged  and  ranked  according  to  largest  yield] 


Year 

Steers 

Lot  designation 

Ether 
extract 

in  eye 
muscle 

Range  in 

lot 

Ether 

extract 

in  edible 

portion  of 

entire  rib 

sample 

Number 
f         8 

8 
8 
8 

lA,  Good  grade,  grain  on  grass 

Percent 

7.89 
7.85 
6.15 
5.37 

Per  cent 
12.  43-3.  38 
10.  20^.  84 
9.  52-3.  74 
9.  02-2.  57 

Per  cent 
40  35 

Average    of    two 

2A,  Medium  grade,  grain  on  grass 

37  08 

years. 

2B,  Medium  grade,  grass  alone 

29  78 

IB,  Good  grade,  grass  alone .  -..  . 

30  22 

It  had  been  expected  that  a  comparison  between  the  fat  content 
of  the  eye  and  the  extent  of  the  visible  marbling  would  have  been 
made  in  this  study.  The  unfortunate  grading  conditions  obtaining 
in  the  1927-28  experiment  made  this  impossible. 

The  fact  is  of  interest  that  a  statistical  study  of  189  carcasses 
studied  in  other  experiments  developed  a  correlation  between  the 
content  of  ether  extract  of  the  eye  and  the  degree  of  marbling  reported 
by  the  grading  committee  of  0.42  ±0.04^  Such  a  figure  indicates 
a  significant  correlation,  but  is  not  particularly  high. 

fflSTOLOGICAL  DETERMINATIONS 

The  grain,  texture,  consistency,  and  moistness  of  lean  beef  have 
long  been  used  by  the  trade  as  indications  of  quality.  Preference  is 
shown  for  meat  possessing  a  smooth,  fine-grained  surface  that  is 
firm  and  velvety  to  the  touch.  This  is  in  contrast  to  a  coarse,  open 
fiber,  and  a  soft  and  rather  wet  *' leaky"  consistency.  It  was,  there- 
fore, quite  natural  that  especial  interest  should  attach  to  the  study 
of  the  structural  and  physical  differences  between  samples  from  the 
steers  and  their  relation  to  the  composition  and  palatabihty  of  the 
meat. 

It  soon  developed,  however,  that  there  were  no  established  labo- 
ratory methods  that  would  give  accurate  comparisons  of  structure. 
The  immediate  problem  thus  changed  from  one  of  studying  the 
effect  of  ration  on  texture  to  that  of  establishing  reliable  technic. 

Several  histological  differences  between  lots  were  noted  as  the 
work  progressed,  but  it  is  not  beheved  that  the  methods  used  for 
their  determination  were  sufficiently  standardized  to  warrant  inter- 
pretation of  the  results.  For  example,  the  area  of  the  cross  section 
of  muscle  fibers  from  the  steers  that  had  a  supplemental  feed  of 
grain  was  slightly  larger  than  that  from  the  steers  on  grass  alone. 
However,  shght  variations  in  fixing,  sectioning,  mounting,  and 
staining  the  same  samples  often  produced  a  distortion  greater  than 
the  apparent  difference  between  lots. 

Perhaps  the  most  definite  contribution  that  the  histological  re- 
search can  make  at  this  time  is  to  record  the  striking  variation 
between  animals  in  the  same  lot.  It  has  been  noted  that  animals  of 
similar  age,  breed,  sex,  fatness,  etc.,  produced  roasts  that  often 
differ  for  such  characters  as  tenderness,  flavor,  and  fat  content  of 

6  Unpublished  data. 
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the  eye.  Similar  unforeseen  variations  have  appeared  in  the  struc- 
ture of  the  lean  meat.  Apparently  the  animals  are  subject  to  still 
other  factors  or  variables.  It  would  be  logical  to  suppose  that  one 
of  those  additional  variables  was  of  genetic  origin.  At  least  this 
offers  a  lead  that  merits  intensive  investigation. 

COOKING  TESTS 

The  standard  sample  used  for  the  cooking  and  palatabilitj^  studies 
was  composed  of  the  ninth,  tenth,  and  eleventh  ribs  from  the  left 
side.  They  were  cut  and  cooked  according  to  the  methods  adopted 
by  the  cooperators  in  the  study  of  the  factors  that  influence  the 
quality  and  palatability  of  meat.^     According  to  the  method  out- 


FiGURE  21.— Every  exi)eriinental  roast  was  cooked  to  the  same  stage  of  doneness  as  indicated  by  a 
roast-meat  thermometer  in  the  center  of  tne  eye 

lined  in  this  project,  each  roast  was  seared  for  20  minutes  at  an 
average  oven  temperature  of  from  260°  to  265°  C,  and  then  cooked 
at  125°  until  the  thermometer  in  the  meat  registered  58°.  (Fig.  21.) 
The  roast  was  then  removed  from  the  oven  and  allowed  to  stand 
until  the  thermometer  in  the  meat  registered  its  maximum  internal 
temperature,  which  was  usually  from  62°  to  63°.  Meat  so  cooked 
would  be  called  rare. 

All  ribs  were  cooked  as  standing  roasts  without  basting.  No  salt 
or  other  condiment  or  food  was  used  in  the  cooking  and  sampling  of 
the  meat. 

It  should  be  noted  that  the  standard  oven  temi)erature  of  125°  C. 
is  lower  than  is  ordinarily  used  in  the  household.     This  moderate 


•  See  footnote  3,  page  15. 
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heat  was  used  because  it  insured  uniform  cooking  throughout  a 
large  proportion  of  the  roast,  thus  providing  comparably  cooked 
slices  for  the  judges.  Cooking  losses  shown  in  Tables  20  to  22  are 
less  than  if  a  higher  oven  temperature  had  been  used.^° 

Total  cooking  loss  represents  the  difference  between  the  weights 
of  a  piece  of  meat  before  and  after  cooking.  The  drippings  loss  is 
the  weight  of  the  fat  and  meat  juices  which  cook  out  of  the  meat 
and  are  collected  in  the  pan.  Evaporation  loss  is  the  difference 
between  total  loss  and  drippings. 

Table   20. — Cooking  loss  (evaporation)  of  left  ninth-tenth-eleventh- rib  samples 
[Lots  averaged  and  ranked  according  to  smallest  loss] 


Year 

Steers 

Lot  designation 

Evaporation 
loss  as  percent- 
age of  uncooked 
roast 

Range 

within 

lot 

Number 

1  I 

lA,  Good  grade,  grain  on  grass 

Per  cent 

7.1 
7.4 
7.5 
7.7 

Per  cent 
6. 4-8.  4 

Average  of  two 

6. 0-8.  5 

6.8-8.2 

2B,  Medium  grade,  grass  alone 

7.  0-8.  6 

The  meat  from  the  Good  supplement-fed  steers  showed  a  smaller 
loss  from  evaporation  than  that  from  the  thinner  cattle  in  the  other 
three  lots.  However,  the  difference  between  the  lots  was  small  and 
the  individual  variation  within  each  lot  comparatively  large. 

The  drippings  loss  is  compared  in  Table  21  with  the  total  fat  in 
the  edible  portion  of  the  rib. 

Table  21. — Cooking  loss  (drippings)  of  left  ninth-tenth-eleventh-rib  samples 
[Lots  averaged  and  ranked  according  to  greatest  loss] 


Year 

steers. 

Lot  designation 

Drippings  loss 
of  left  samples 
as  percentage  of 
uncooked  roast 

Range 

within 

lot 

Total  fat 
in  edible 
portion 
of  right 
samples 

■  Number 

Per  cent 

6.2 
5.2 
4.5 
46 

Per  cent 
4.9-8.1 
4. 1-6. 8 
2.6-6.5 
2.8-«.5 

Per  cent 
40.35 

Average  of  two  J         8 
years.                !          8 

2A,  Medium  grade,  grain  on  grass 

IB,  Good  grade,  grass  alone ..- 

37.08 
30.22 

!              8 

29.78 

There  is  a  consistency  in  these  figures  between  the  greatest  dripping 
losses  and  the  fatter,  supplement-fed  cattle.  This  consistency  also 
extends  to  the  individual  range.  Although  there  is  some  overlapping, 
a  comparison  of  the  individual  extremes  indicates  the  definite  trend 
appearing  in  the  averages. 

Study  of  Table  22  shows  but  a  small  average  variation  in  the  total 
cooking  loss  of  the  meat  from  the  four  lots.  Although  the  two  fatter, 
supplement-fed  lots  shrank  the  most,  the  difference  between  them  is 
0.7  per  cent,  and  the  range  between  the  four  lots,  lot  IB  with  11.9  per 
cent,  and  lot  lA  with  13.3  per  cent,  is  only  1.4  per  cent. 

w  Unpublished  dats, 
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Tablk  22. — Total  cooking  loss  of  left  ninth-tenth-elevenlh-rih  samples  and  total  fat 
of  edible  'portion  of  the  right  ninth-tenth-eleventh-rih  samples 

[Lots  averaged  and  ranked  according  to  greatest  cooking  loss] 


Year 


Average     of    two 


Steers 


NuTuber 


Lot  designation 


lA,  Good  grade,  grain  on  grass — 
2A,  Medium  grade,  grain  on  grass. 

2B,  Medium  grade,  grass  alone 

IB,  Good  grade,  grass  alone 


Total 
cooking 
loss  of  left 
rib  sam- 
ples as  per- 
centage of 
uncooked 
rib 


Per  cent 
13.3 
12.6 
12.2 
11.9 


Total  fat 
of  right 
rib  sam- 
ples as  peF- 
centage  of 
edible 
portion 


Per  unt 
40.35 
37.08 
29.78 
30.22 


The  tests  with  this  meat  indicate  an  evaporation  loss  that  tends  to 
vary  inversely  with  the  fat  content,  a  dripping  loss  that  varies  directly 
with  fatness,  and  a  total  loss  that  does  not  vary  greatly  between  the 
roasts  from  these  fom-  lots  of  cattle. 

These  total  losses  are  only  a  little  more  than  one-half  as  large  as 
those  obtained  by  Emmet t  and  Grindley, "  Moran  and  Smith,  ^^  and 
Grindley  and  Mojonnier.^^ 

However,  the  samples  used  by  these  investigators  varied  widely 
from  the  cut  used  here.  In  addition,  the  oven  temperatures  used  were 
also  higher  than  those  in  these  tests.  No  direct  comparison  with  their 
cooking  losses  is  therefore  justified.  Grindley  and  Mojonnier^*  also 
found  a  greater  dripping  loss  from  the  fatter  samples. 


PALATABIUTY  RECORDS 

It  is  but  natural  that  interest  in  this  project  should  center  in  the 
palatabHity  of  the  roasts  from  the  four  lots  of  steers.  Regardless  of 
all  else,  the  tenderness  and  flavor  of  the  meat  are  the  final  measure  of 
its  desirability  and  market  value. 

All  the  sample  roasts  were  cooked  as  described  under  cooking  tests 
and  were  carved  and  sampled  while  hot.^^  The  meat  over  the  eleventh 
rib  was  removed  for  the  mechanical  test  for  tenderness.  The  portion 
of  the  eye  muscle  lying  over  the  tenth  rib  was  cut  into  sUces  about 
one-eighth  of  an  inch  thick,  placed  on  hot  plates,  and  served  immedi- 
ately to  a  trained  palatability-grading  committee  of  five  persons. 
Each  member  received  slices  from  corresponding  positions  in  each 
roast.  Samples  of  the  inside  imbrowned  fat  lying  just  above  the  eye 
muscle  were  served  with  each  portion  of  lean. 

A  cooked-meat-grading  chart  was  used  by  the  committee  for  record- 
ing the  palatability  of  the  samples.  (Fig.  22.)  This  chart  corresponds 
in  principle  to  the  ones  used  in  grading  the  live  animals  and  carcasses. 
The  various  factors  or  elements  of  palatability,  such  as  tenderness 
and  flavor,  were  listed  on  the  chart  with  seven  subdivisions  or  grades 

»  Emmett,  A.  D.,  and  Grindley,  H.  S.    chemistry  of  flesh,  [eighth  paper.]  a  preliminary  study  of 

THE  effect  of  COLD  STORAGE  UPON  BEEF  AND  POULTRY.  (SECOND  COMMUNICATION.)  Jour.  IndUS.  and  EngilU 

Chem.  l:  580-597.    1909. 

"  Moran,  T.,  and  Smith,  E.  C.  postmortem  changes  in  animal  tissues— the  conditionino  ob  rif* 
ENiNCJ  OF  beef.  [Gt.  Brit.]  Dept.  Sci.  and  Indus.  Research,  Food  Inwst.  Bd.  Spec.  Rpt.  36, 64  p.,  illus.  1929. 

13  Grindley,  II.  S.,  and  Mojonnier,  T.  experiments  on  losses  in  cooking  mkat,  1900-1903.  U.  S. 
Dept.  Agr.,  Off.  Expt.  Stiis.  Bui.  141,  95  p. 

w  Grindley,  II.  S.,  and  Mojonnier,  T.    Op.  dt* 

»  See  footnote  3,  page  16. 


BEEF   PRODUCTION    AXD   QUALITY 


37 


for  each  factor.  A  series  of  comparative  adjectives  was  supplied 
to  fit  the  subdivisions  listed  for  each  factor.  For  example,  the 
seven  degrees  for  tenderness  range  from  "  very  tender  "  to  "  extremely 
tough." 

By  use  of  this  cooked-meat-grading  chart  the  roasts  were  com- 
pared for  tenderness,  juiciness,  texture,  aroma,  and  flavor  of  both 
lean  and  fat.  The  grading  committee  was  asked  to  note  the  inten- 
sity of  all  these  factors  and  the  desirability  of  aroma  and  flavor. 

Under  intensity,  record  was  made  of  the  degree  of  tenderness, 
amount  and  richness  of  juice,  fineness  of  grain,  and  the  perceptibility 
of  aroma  and  flavor.  In  comparing  the  desirability  of  aroma  and 
flavor,  the  judges  noted  their  personal  preference  for  the  kind  or 
quality  of  odor  and  taste  regardless  of  its  intensity. 


MEAT  COOKING  RECORD 
GRADING  CHART  FOR  COOKED  MEAT 


Sbset  No.  7       Cooking  Labontoir  No 


<^.^(Jy<3 


Sample  No. 


zo. -.^..r:2  r 


/err 
riraUe 


Moderately 
devraKU 


!^^' 


'tor^dioT 


& 


SligliU}' 
perreptible 


De4^ 


SlightlT 
destrebU 


What  flavor? _ 

Nf^rlB  or  abnonnalT.. 


SlighUy 
perceptible 


SlighUv 
demble 


Normal  or  abi>oniu4f_ 


deairSle 


li:^" 


/smailj 


de*inXl< 


iMrabL 


Ne,^ 


uSSHSSi. 


CoLOB  or  L«*ir                                                   Cou>»  or  Fat 

N  on.— Entire 

1.  U»hl  red.                    4.  Plnklah  bro.n^    1.  White.                         4.  YelSowieh  brorn. 

and  colur 

2.  Dark  plok.                  6.  Light  brown.               J.  Creamy  white.           5.  Yellow. 

8.  Light  pisk.                 6.  Dark  browu.               J.  Grayieh  erotm*-      8.  Amber. 

Encircle  the  word*  which  (l*«crihe 


./&L- 


Figure  22.— E.xample  of  use  of  grading  chart  for  cooked  meat 

This  new  grading  chart  marks  a  decided  step  forward  in  the 
method  for  describing  the  palatability  of  food.  Although  the  mem- 
bers of  the  committee  varied  slightly  in  their  ability  to  detect  varia- 
tions in  intensity  and  in  their  appreciation  of  the  different  flavors, 
the  average  of  the  five  decisions  by  factors  provided  a  descriptive 
and  consistent  record  of  the  characteristics  of  the  roasts. 

For  summarization,  arbitrary  values  of  1  to  7  were  assigned  to  the 
seven  grades  listed  under  each  factor  on  the  cooked-meat  chart. 
These  values  were  used  in  averaging  the  opinions  of  the  judges  to 
determine  the  word  descriptions  that  they  considered  most  applicable 
to  each  sample. 

In  reporting  the  opinion  of  the  committee  (Table  23)  the  corre- 
sponding descriptive  wording  of  the  cooked-meat-grading  chart  was 
used  as  well  as  the  average  numerical  grade. 
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Table  23. — Palatability  of  left  ninth-tenth-eleventh-rib  samples  as  determined  by 
the  cooked-meat-grading  comm,ittee 

[Lots  averaged  for  two  years  and  ranked  according  to  lot  number  '] 


Aroma 

Flavor  of  fat 

Flavor  of  lean 

Juciness 

Num- 
ber of 

steers 

Texture 

Tender- 
ness 

Lot  designation 

Inten- 
sity 

Desir- 
ability 

Inten- 
sity 

Desir- 
ability 

Inten- 
sity 

Desir- 
ability 

Qual-     Quan- 
ity        tity 

lA,     Good    grade, 
grain  on  grass. 

8 

4.8 
Mod. 
pro.2 

4.7 
Mod. 
des.3 

4.5 
Sli.* 
coarse. 

4.7 
Mod. 
pro. 

5.3 
Mod. 
des. 

4.9 
Mod. 
pro. 

4.9 
Mod. 
des. 

4.8 
Mod. 
tender. 

4.4 

Sli. 
rich. 

5.0 
Mod. 
large. 

IB,     Good    grade, 
grass  alone. 

8 

5.0 
Mod. 
pro. 

4.8 
Mod. 
des. 

4.6 
Mod. 
fine. 

4.7 
Mod. 
pro. 

5.1 
Mod. 
des. 

5.1 
Mod. 
pro. 

4.8 
Mod. 
des. 

4.4 
Sli. 
tough. 

4.4 
Sli. 
rich. 

5.1 
Mod. 
large. 

2A,  Medium  grade, 
grain  on  grass. 

8 

5.0 
Mod. 
pro. 

4.7 
Mod. 
des. 

4.3 
Sli. 
coarse. 

4.7 
Mod. 
pro. 

5.3 
Mod. 
des. 

5.1 
Mod. 
pro. 

5.2 
Mod. 
des. 

4.7 
Mod. 
tender. 

4.5 
Mod. 
rich. 

5.4 
Mod. 
large. 

2B,  Medium  grade, 
grass  alone. 

8 

4.8 
Mod. 
pro. 

4.9 
Mod. 
des. 

4.4 
Sli. 
coarse. 

4.6 
Mod. 
pro. 

5.0 
Mod. 
des. 

4.9 
Mod. 
pro. 

5.0 
Mod. 
des. 

4.3 
Sli. 
tough. 

4.1 
Sli. 
rich. 

5.1 
Mod. 
large. 

1  Maximum  score  for  each  item  is  7. 
*  Moderately  pronounced. 


3  Moderately  desirable. 
«  Slightly  coarse. 


It  will  be  noticed  that  no  attempt  has  been  made  to  combine 
grades  of  the  individual  items  appearing  on  each  chart,  thus  deriv- 
ing a  single  figure  that  would  represent  the  palatability  of  a  roast  or 
group  of  roasts.  This  is  contrary  to  the  method  used  in  summariz- 
ing the  cattle  and  carcass  grading  charts  and  to  that  used  by  Moran 
and  Smith  ^^  in  their  palatability  comparisons.  Both  methods  have 
their  advantages,  but  summary  by  items  seemed  to  present  a  more 
definite  description  of  the  meat  than  an  arbitrarily  weighted  average. 

The  report  of  the  cooked-meat-grading  committee  shows  the  gen- 
erally uniform  palatability  of  the  roasts  from  these  four  lots  of  steers. 
With  the  exception  of  a  greater  tenderness  in  the  meat  from  the  sup- 
plement-fed lots,  lA  and  2A,  the  differences  due  to  grade  or  ration 
were  not  consistent. 

Although  the  flavor  of  lean  meat  and  of  fat  from  the  grain-fed  lots 
received  higher  desirability  scores  than  that  from  the  lots  of  grass 
alone,  the  significance  of  this  difference  is  lessened  by  the  desirabihty 
of  the  aroma.  This  was  less  for  the  grain-fed  meat  than  for  that  fed 
grass  only.  In  view  of  the  generally  accepted  relation  between 
aroma  and  flavor,  the  data  on  these  factors  would  be  expected  to  con- 
firm each  other  if  there  were  a  consistent  difference  between  meats 
from  the  several  lots.  Examination  of  the  data  for  intensity  of  aroma 
and  flavor  shows  a  generally  consistent  relation  between  these  fac- 
tors in  the  four  lots,  but  inconsistent  relations  for  grain-fed  and  grass- 
alone  meat. 

The  two  Medium  grade  lots  averaged  a  little  greater  quantity  of 
juice,  but  the  committee  found  that  the  ribs  from  the  lots  of  each 
grade  receiving  grain  possessed  a  little  richer  and  less  watery  juice. 
The  grain  of  the  meat  from  the  cattle  grading  Good  was  somewhat 
finer  than  that  from  the  steers  of  lower  grade. 

The  committee  found  the  comparisons  of  texture  especially  diffi- 
cult to  make.  The  grain  or  fiber  of  the  meat  appeared  to  be  different 
under  various  methods  of  examination.  Moreover,  there  seemed  to 
be  an  unexpected  relation  between  fineness  and  the  "tightness"  or 
compactness  of  the  tissues. 

WMOEAN,  T.,  and  Smith,  E.  C.    Op.  cit. 
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Reference  to  Figure  23  reemphasizes  the  fact  that  in  all  cases  except 
tenderness  the  contrasts  between  lots  were  too  small  to  warrant 
definite  conclusions. 

TENDERNESS  COMPARISONS 

Under  tenderness,  the  conunittee  classified  the  roasts  from  the 
supplement-fed  cattle  as  ''moderately  tender '*  and  those  from  the 
grass-alone  lots  as  ''slightly  tough."  Although  the  difference  between 
these  two  groups  was  not  large,  it  was  consistent  throughout  the 
experiment.  Moreover,  it  conforms  closely  to  the  comparison 
recorded  by  the  mechanical  device  that  was  used  to  measure  the 
shearing  strength  of  the  meat.  This  instrument  (fig.  24)  consisted 
of  a  steel  blade  one  thirty-second  of  an  inch  thick  drilled  with  a  hole 
shghtly  larger  than  the  sample  to  be  tested.  The  hole  was  made 
square  instead  of  round  to  eliminate  the  sliding  of  the  edge  across 
the  sample  that  would  occur  if  a  round  hole  was  used.  The  cutting 
edge  was  milled  square  and  then  smoothed  slightly  to  effect  a  stand- 
ard, reproduceable  dullness. 

A  sample  of  meat  was  cored  out  with  a  keen,  steel  tool  lYs  inches 
inside  diameter,  similar  to  a  cork  borer.  The  sample  was  placed  in 
the  perforation  of  the  steel  blade  and  the  blade  led  through  a  narrow 
slit  in  a  wooden  miter  box.  A  hand-driven  screw  pull  was  used  to 
pull  the  blade  through  the  meat,  the  force  required  being  recorded 
by  a  spring-type,  self-recording  dynamometer.  When  the  instru- 
ment is  in  operation,  the  load  on  the  meat  builds  up  to  a  maximum 
and  the  fracture  of  the  sample  is  sudden  and  complete. 

Samples  of  the  eye  muscle  of  the  chilled  (34°  to  36°  F.)  uncooked 
right  and  left  twelfth  rib  and  of  the  chilled  cooked  left  eleventh  rib 
were  broken  in  this  mechanical  shear. 

The  shearing  strength  of  the  raw  muscle  shown  in  Table  24  is  the 
average  of  two  cuts  on  each  of  three  samples  from  both  the  right  and 
left  twelfth  ribs,  an  average  of  12  tests  on  the  raw  meat  from  each 
steer. 

The  shearing  strength  of  the  cooked  meat  is  the  average  of  two 
tests  on  each  of  two  samples  from  the  roasted  eleventh  rib,  an  average 
of  four  cuts  per  steer.  Cooking  contracted  the  tissues  in  such  manner 
that  it  was  impossible  to  obtain  more  than  two  samples  that  were 
free  from  the  coarse,  visible,  connective  tissue  that  surrounds  or  lies 
between  the  muscles.  The  data  for  average  tenderness,  given  in 
Table  23,  are  reported  in  Table  24,  together  with  data  showing  range 
in  tenderness  in  each  lot. 

Table  24. — Shearing  strength  of  right  and  left  raw  twelfth-rib  samples  and  left 
cooked  eleventh-rib  samples  as  compared  mth  tenderness  report  of  cooked-meat- 
grading  committee 

[Lots  averaged  for  two  years  and  ranked  according  to  lot  number] 


Average 

Average 

shearing 

shearing 

Average 

strength 

strength 

commit- 

of sam- 

Range 

of  sam- 

Range 

tee  grade 

Range 

Lot  designation 

Steers 

ples  from 

within 

ples  from 

within 

for  ten- 

within 

right  and 

lot 

left 

lot 

derness 

lot 

left  raw 

cooked 

(maxi- 

twelfth 

eleventh 

mum,  7) 

rib 

rib 

Number 

Pounds 

Pounds 

Pounds 

Pounds 

lA,  Good  grade,  grain  on  grass 

8 

72.9 

58-92 

32.7 

28-41 

4.8 

4.0-5.4 

IB,  Good  grade,  grass  alone 

8 

72.6 

63-82 

39,0 

33-48 

4.4 

3.4-5.2 

2A,  Medium  grade,  grain  on  grass. 

8 

71.7 

61-84 

34.9 

29^5 

4.7 

3. 6-5. 8 

2B,  Medium  grade,  grass  alone 

8 

78.3 

62-95 

38.8 

28-45 

4.3 

3.4-5.2 
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The  shearing  strength  of  the  raw  samples  from  the  four  lots  of 
steers  was  very  similar.  That  of  lot  2B,  the  Medium  grade  on  grass 
alone,  was  slightly  greater  than  that  of  the  other  three.  The  differ- 
ence, however,  w^as  comparatively  small  and  the  variability  of  indi- 
vidual averages  sufficiently  numerous  to  prevent  the  interpretation 
of  this  contrast  as  other  than  an  indication. 

In  the  mechanical  test  of  the  roasted-rib  samples  15  per  cent  more 
force  was  required  to  pull  the  blade  through  the  meat  from  the  grass- 
alone  cattle  than  through  that  from  the  supplement-fed  steers. 
There  was  no  consistent  difference  in  the  shearing  strength  of  the 
meat  from  the  Good  and  Medium  grades. 

Both  the  cooked-meat-grading  committee  and  the  mechanical 
shearing  test  for  the  cooked  meat  have  shown  the  meat  of  the  supple- 
ment-fed lots  to  be  the  more  tender.  Although  neither  method 
presents,  as  yet,  indisputable  evidence  of  tenderness,  this  agreement 
is  significant.  Tenderness  tests  conducted  in  connection  with  other 
experiments  have  produced  a  similar  uniformity  between  the  two 
methods.  ^^ 


Figure  24.— Dynamometer  or  mechanical  shear  used  to  compare  the  shearing  strength  of  the  raw 
and  the  cooked  meat.    A  wooden  miter  box  was  used  for  the  tests  reported 

Comparison  of  the  shearing  strength  of  the  raw  and  the  cooked 
meat  from  the  respective  lots  brings  out  the  lack  of  correlation 
between  them.  This  variation  extended  to  the  samples  from  the 
individual  steers,  and  it  was  quite  impossible  to  predict  the  shearing 
strength  of  the  cooked  meat  from  that  of  the  uncooked.  It  is  obvious 
that  faulty  technic,  including  methods  of  sampling,  might  have  been 
responsible  for  this  lack  of  uniformity.  However,  the  average 
shearing  strength  of  the  samples  from  the  raw  right  twelfth  rib  from 
128  cattle  in  this  and  other  experiments  showed  a  correlation  with 
that  of  the  raw  left  twelfth  rib  from  the  same  animal  of  0.78  during 
one  year  and  of  0.87  from  100  samples  the  year  following.^^ 

The  degree  of  consistency  appearing  in  these  cases  would  indicate 
that  the  lack  of  correlation  between  the  shearing  strength  of  the  raw 
and  cooked-rib  muscle  from  the  same  animal  was  due  to  actual  dif- 
ferences in  the  meat.  Evidently  some  characteristics  of  the  raw 
meat  that  caused  it  to  resist  the  shear  were  affected  differently  by  the 
roasting  process. 

>7  Unpublished  data. 
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It  will  also  be  noted  that  the  shearing  strength  of  the  uncooked 
rib  samples  was  always  greater  than  that  of  the  cooked  meat.  Leh- 
mann  *^  using  two  difterent  types  of  instruments  for  comparing 
toughness,  found  that  boiling  beef  loin  increased  the  toughness  for 
the  first  hour  but  that  longer  cooking  rendered  it  more  tender  than 
the  raw  meat.  Moran  and  Smith  ^®  quote  the  popular  opinion  that 
raw  meat  is  usually  more  easily  masticated  than  cooked  meat. 

The  results  obtained,  however,  from  the  use  of  this  mechanical 
shear  on  more  than  1,000  samples  ^^  point  definitely  to  the  fact  that 
the  shearing  strength  of  the  raw  muscle  is  greater  than  that  of  the 
roasted  meat. 

In  summarizing  the  palatability  comparisons  and  tests  of  shearing 
strength  one  must  observe  the  similarity  of  the  roasts  from  all  four 
lots.  With  the  exception  of  the  somewhat  greater  tenderness  of  the 
ribs  from  the  supplement-fed  lots,  the  differences  noted  by  the  methods 
used  were  less  than  might  have  been  expected.  It  will  be  recalled, 
however,  that  the  meat  from  all  four  lots  was  from  mature,  fairly 
well-finished  steers.  The  thinner  grass-alone  lots  produced  a  rib 
sample  containing  30  per  cent  of  fat,  or  only  8.77  per  cent  less  than 
that  of  the  grain-fed  groups.  Possibly  30  per  cent  of  fat  is  sufficient 
to  produce  an  aroma,  flavor,  and  juiciness  which  compare  closely 
with  those  of  ribs  possessing  38  per  cent  fat. 

SUMMARY  OF  CATTLE-GRADING  AND  MEAT  STUDIES  « 

Good  cattle  fed  a  grain  supplement  on  grass  graded  Good  both  as 
feeders  and  as  slaughter  cattle. 

Good  cattle  fed  on  grass  alone  graded  in  the  middle  of  Good  as 
feeders  and  at  the  bottom  of  Good  as  slaughter  cattle. 

Medium  cattle  fed  a  grain  supplement  on  grass  graded  in  the 
middle  of  Medium  as  feeders  and  at  the  top  of  Medium  as  slaughter 
cattle. 

Medium  cattle  fed  on  grass  alone  graded  in  the  middle  of  the 
Medium  grade  both  as  feeders  and  as  slaughter  cattle. 

Both  lots  of  supplement-fed  cattle  should  have  brought  a  higher 
selling  price  than  those  of  the  other  lots  on  the  basis  of  higher  dressing 
yield  and  fatter,  more  attractive,  salable  carcasses.  The  Good 
steers  had  a  slight,  but  similar,  advantage  over  the  Medium  grades. 

The  color  of  the  eye  muscle  from  the  supplement-fed  lots  was  a 
little  lighter  red  than  that  from  those  fed  grass  alone.  There  was 
extreme  color  variation  among  the  individuals  in  each  lot. 

In  the  phj^sical  analyses,  the  rib  samples  from  the  grass-fed  lots 
contain  a  higher  percentage  of  bone  and  eye  muscle  and  a  lower 
percentage  of  fat  than  the  supplement-fed  steers.  The  actual  weight 
of  eye  muscle  and  of  bone  in  all  four  lots  was  similar.  There  was  no 
significant  difl'erence  in  the  physical  analyses  of  the  rib  samples  from 
Medium  and  Good  cattle.  Yield  of  "other  lean"  was  not  consistent 
among  the  four  lots. 

Chemical  analysis  of  the  rib  samples  disclosed  a  higher  percentage  of 
fat  in  the  supplement-fed  lots  and  a  lower  percentage  of  protein  and 
water  than  in  the  meat  produced  on  grass  alone. 

»8  Leu  MANN,  K.  B.,  and  others,    (studies  of  the  toughness  or  meat  and  rw  cause.]    Arch.  Hjrg. 
63:  134-179.     1907.    fAbstrnct  in  Expt.  Sta.  Rec.  19:  1161.1 
i»  Moran,  T.,  and  Smith,  E.  C.    Op.  cit. 
*  Unpublished  data. 
«  See  p.  12  for  summary  of  production  studies. 
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The  fat  content  of  the  rib  samples,  as  determined  by  the  physical 
separation,  compared  closely  with  corresponding  chemical  anal3^ses. 

Chemical  analyses  of  the  eye  muscle  showed  a  slightly  higher  fat 
content  in  the  samples  from  the  supplement-fed  lots,  tliough  there  was 
a  wide  individual  variation  in  the  fat  content  of  the  eye  muscle  from 
steers  in  the  same  lot. 

The  considerable  variation  in  the  characteristics  and  composition  of 
the  rib  samples  from  animals  in  the  same  lot  indicates  the  influence  of 
the  individuality  of  the  steers  upon  the  results.  This  variability 
definitely  shows  the  need  of  taking  samples  from  a  much  larger  pro- 
portion of  the  carcasses  in  each  lot.  It  also  suggests  the  desirability 
of  using  animals  with  a  more  uniform  inheritance. 

Cooking  losses  from  evaporation  varied  through  a  narrow  range 
with,  the  fattest  ribs  showing  the  smallest  loss. 

Cooking  losses  from  drippings  were  somewhat  less  than  those  from 
evaporation,  but  showed  greater  variation.  The  dripping  loss  of  the 
fatter  rib  samples  was  proportionately  more  than  that  of  the  thinner 
ones. 

The  total  cooking  loss  varied  through  a  small  range,  mth  the  fattest 
ribs  tending  to  lose  more  than  the  leanest. 

The  meciianical  tests  of  the  shearing  strength  of  the  raw  rib  muscle 
showed  but  little  difference  among  the  four  lots.  The  standard 
palatability  committee  graded  the  meat  of  the  supplement-fed  lots 
as  of  slightly  greater  tenderness;  the  mechanical  test  produced  a 
similar  grading. 

There  was  no  consistent  relation  between  the  shearing  strength  of 
the  raw  and  the  cooked  meat. 

There  was  no  significant  correlation  between  the  four  lots  as  to  the 
flavor,  juiciness,  texture,  and  aroma  of  the  roasted-rib  samples. 
Whether  the  closeness  of  this  comparison  of  the  meat  from  3-year-old 
steers  was  due  to  the  feed  value  of  grass  alone  or  to  the  combined 
facts  that  the  steers  were  mature  and  had  been  liberally  pastured  is 
not  indicated  by  the  results. 

A  true  appraisal  of  meat  produced  by  different  methods  must  be 
based  on  its  nutritive  value,  palatability,  waste  of  bone  and  other 
unconsumed  portions.  Further  information  is  needed  about  the 
relation  between  finish  and  quality  in  order  to  determine  the  most 
desirable  degree  of  fatness. 
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RESEARCH  AND  BREEDING  PROBLEMS 

In  order  to  plan  intelligently  a  method  of  attack  upon  the  problem 
of  breeding  an  improved  variety  of  wheat,  plant  breeders  should 
have  a  knowledge  of  the  manner  of  inheritance  of  the  characters  in 
question.  Many  characters  that  have  to  do  with  the  reaction  of  the 
plant  to  its  environment  may  be  complicated  in  inheritance.  Because 
of  this,  much  research  is  needed  to  arrive  at  a  thorough  understand- 
ing of  these  factors. 

The  purpose  of  the  present  study  was  to  obtain  more  fundamental 
information  on  the  inheritance  of  winter  hardiness,  winter-spring 
growth  habit,  and  rust  reaction,  and  the  interrelations  of  these  char- 
acters in  a  winter  X  spring  wheat  cross.  These  characters  are 
influenced  by  environment,  and  a  study  of  their  inheritance  is 
difficult. 

1  Submitted  in  partial  fulfillment  of  the  requirements  for  the  degree  of  doctor  of  philosophy  at  the 
University  of  Minnesota. 

2  The  writer  wishes  to  express  his  appreciation  to  H.  K.  Hayes,  chief  of  the  division  of  agronomy  and 
plant  genetics,  University  of  Minnesota,  for  his  suggestions  in  outlining  and  conducting  these  experi- 
ments and  in  providing  certain  facilities  for  carrying  them  out;  to  E.  C.  Stakman,  professor  of  plant  path- 
ology, for  suggestions  as  to  methods  of  conducting  the  studies  of  rust  reaction;  to  J.  Allen  Clark,  senior 
agronomist.  Office  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant  Industry,  for  making  available  for  this 
study  the  necessary  facilities  of  the  western  wheat  project;  and  to  C.  Q.  Colcord,  scientific  aide,  OflSce  of 
Cereal  Crops  and  Diseases,  for  checking  all  calculations. 
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HISTORICAL  REVIEW 

Some  work  has  been  done  already  on  the  inheritance  of  the  more 
important  characters  involved  in  this  study,  i.  e.,  winter  hardiness, 
winter  habit,  and  stem-rust  reaction. 

WINTER  HARDINESS 

Winter  wheats  vary  greatly  in  their  ability  to  resist  cold  and  to 
survive  the  winter.  Many  reports  have  been  published  on  the 
relative  resistance  of  varieties  of  wheat  to  killing  by  cold,  but  few 
data  are  available  on  the  inheritance  of  this  character.  Nilsson- 
Ehle  {30y  crossed  two  varieties  of  intermediate  hardiness  and  ob- 
tained some  lines  that  were  more  har(Jy  and  other  hnes  that  were 
less  hardy  than  the  parents.  He  concluded  that  winter  resistance 
behaved  as  other  quantitative  characters,  being  controlled  by  several 
genetic  factors.  Akerman  (4)  also  crossed  two  varieties  inter- 
mediate for  resistance  to  cold  with  much  the  same  results. 

From  a  Turkey  X  Odessa  cross,  Hayes  and  Garber  (19)  reported 
the  development  of  new  wheats  more  cold  resistant  than  the  Odessa 
parent.  One  of  the  wheats,  Minhardi,  was  determined  by  Clark, 
Martin,  and  Parker  (8)  to  be  the  most  hardy  winter  wheat  tested  in 
the  United  States  and  Canada. 

Gaines  as  reported  by  Schafer  (35)  found  that  hardiness  was  reces- 
sive to  lack  of  hardiness  in  a  cross,  Turkey  X  Jenkin. 

Martin  (24)  studied  F3  lines  of  Kanred  X  Minhardi  for  hardiness, 
but  was  unable  to  determine  the  number  of  genetic  factors  involved, 
although  most  of  the  strains  were  intermediate  between  the  parents 
in  resistance  to  cold. 

Hayes  and  Aamodt  (18)  reported  a  study  on  the  inheritance  of 
cold  resistance  and  growth  habit  in  a  cross  of  Marquis  (spring)  and 
Minhardi  and  Minturki  (winter)  wheats.  This  work  was  continued 
from  the  Fi  through  the  F4  generation.  They  agreed  with  Nilsson- 
Ehle  that  cold  resistance  is  inherited  in  the  same  manner  as  other 
quantitative  characters,  although  they,  likewise,  were  unable  to 
determine  the  number  of  factors  mvolved.  The  relation  between  cold 
resistance  and  winter-spring  growth  habit  also  was  studied,  but  due 
to  the  large  number  of  plants  eliminated  in  F2  from  fall-sown  ma- 
terial a  definite  inheritance  could  not  be  established.  They  did  find 
a  close  correlation  in  F3  between  spring-growth  habit  and  low 
winter  resistance.  Some  lines  were  obtained,  however,  which  were 
cold  resistant  and  which  headed  when  spring  sown.  In  all  cases 
these  cold-resistant  spring  wheats  were  later  in  maturity  than  Mar- 
quis, the  spring  parent. 

Summarizing  10  vears'  work  on  breeding  for  winter  hardiness, 
Ouisenberry  and  Clark  (33)  concluded  that  the  winter-hardiness 
character,  while  heritable,  is  very  complex  and  is  greatly  influenced 
by  environment.  From  a  large  number  of  crosses  between  winter 
wheats  of  varying  degrees  of  hardiness,  segregates  were  obtained 
which  were  as  hardy  as,  and  in  some  cases  hardier  than,  the  hardy 
parents.  Most  of  the  lines  obtained  were  intermediate  between  the 
two  parents. 

As  pointed  out  by  various  workers  {^4,  33),  relative  cold  resistance 
often  IS  rather  difficult  to  determine  in  the  field.    The  winter  may  be 

I  Italic  numberslin^arentheses  refer  to  Literature  Cited,  p.  43. 
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mild  and  little  or  no  killing  will  occur,  or  a  severe  winter  may  wipe 
out  an  entire  experiment.  Salmon  {34)  points  out  that  winterkilling 
may  be  due  to  any  or  all  of  the  following  four  causes:  (1)  Heaving, 
(2)  smothering,  (3)  physiological  drought,  and  (4)  direct  effect  of  low 
temperature  on  plant  tissues.  The  present  study,  dealing  with  the 
inheritance  of  winter  hardiness,  is  not  concerned  with  the  nature  of 
winter  hardiness,  and  only  such  studies  as  bear  directly  on  the 
determination  of  relative  hardiness  will  be  considered. 

Newton  {27,  28,  29)  attempted  to  find  some  chemical  or  physical 
measure  that  would  give  an  indication  of  resistance  to  cold.  He 
used  six  varieties  of  wheat  of  known  relative  winter  hardiness — 
Minhardi  and  Buffum,  both  very  hardy;  Kanred  and  Turkey,  inter- 
mediate; and  Super  and  Fulcaster,  tender.  He  concluded  that  the 
hardier  the  variety  the  lower  the  moisture  content  of  the  leaves,  and 
that  in  hardened-off  leaves  this  moisture  is  held  under  a  greater  force. 
He  found  that  the  volume  of  press  juice  per  100  grams  of  hardened 
tissue  was  inversely  proportional  to  hardiness.  The  quantity  of 
hydrophylic  colloids  in  the  press  juice  was  directly  proportional  to 
hardiness. 

Martin  {24)  conducted  experiments  similar  to  those  of  Newton 
and  concluded  that  none  of  these  chemical  or  physical  measures 
offered  a  more  accurate  test  of  resistance  to  cold  than  did  a  careful 
field  study.  Martin  carried  his  tests  further  and  made  artificial 
freezing  studies  on  a  few  F3  lines  of  Kanred  X  Minhardi,  and,  although 
these  studies  were  not  entirely  satisfactory,  he  concluded  that  this 
method  offered  the  greatest  promise  of  any  laboratory  method  for  the 
study  of  resistance  to  cold.  Martin  pointed  out  that  considerable 
care  must  be  exercised  in  properly  hardening  off  the  material  before 
subjecting  it  to  low  temperatures. 

Hill  and  Salmon  {22)  subjected  to  artificial  freezing  a  series  of 
winter- wheat  varieties  varying  in  degree  of  hardiness.  In  their 
experiments  Kanred  and  Kharkof  were  more  hardy  than  Minhardi, 
which  does  not  agree  with  field  tests.  This  result  was  undoubtedly 
due  to  the  methods  of  hardening  off  which  were  used,  since  Minhardi 
seems  to  be  unable  to  withstand  sudden  changes  in  temperature  until 
after  it  has  been  well  hardened  off.  In  general,  however,  their 
results  agreed  fairly  well  with  field  studies. 

Working  chiefly  with  winter  wheats,  Tumanov  and  Borodin  {38) 
studied  laboratory  methods  of  determining  hardiness  of  plants  by 
direct  freezing  and  indirectly  by  determining  the  percentage  of  dry 
matter  in  the  expressed  sap  and  the  freezing  point  of  the  sap.  In 
general,  the  correlation  between  laboratory  and  field  tests  was  good. 
These  workers  state  that  the  resistance  to  frost  of  the  seedlings  de- 
pended in  a  high  degree  on  the  temperature  at  which  germination  had 
taken  place. 

Nilsson-Leissner  {31),  reviewing  a  book  by  Akerman,  points  out 
that  Akerman  suggests  the  use  of  artificial  refrigeration  in  the  study 
of  resistance  to  cold  and  that  by  using  this  method  he  was  able  to 
show  transgressive  segregation  in  some  hybrid  material. 

GROWTH  HABIT 

Wheats  usually  are  classified  (7)  as  having  either  winter-growth  or 
spring-growth  habit.  True  winter  wheats  do  not  produce  heads  if 
sown  in  the  spring.     They  may  or  may  not  have  the  ability  to  survive 
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severe  winter  weather.  Spring  wheats,  on  the  other  hand,  head 
normally  when  spring  sown  and  as  a  rule  do  not  survive  severe  winter 
weather  when  fall  sown.  Some  workers  {10,  IS)  recognize  a  third  or 
intermediate  group,  consisting  of  forms  that  survive  the  winter  when 
fall  sown  and  head  normally  when  spring  sown.  Selections  of  this 
latter  type  that  bred  true  were  obtained  by  Hayes  and  Aamodt  {18) 
from  crosses  of  Marquis  by  Minturki  and  Minhardi. 

No  sharp  line  of  demarcation  can  be  drawn  between  winter  and 
spring  wheats,  since  there  is  every  gradation  between  extremes  of  the 
two  types,  and  since  environment  may  modify  the  expression  of  this 
seasonal  growth  character.  A  slight  variation  in  the  date  of  spring 
sowing  has  a  marked  effect  on  the  amount  of  heading  that  occurs,  for 
instance,  in  winter  varieties.  As  a  rule  the  earher  the  date  of  sowing 
the  greater  the  amount  of  heading.  Earliness  is  relative,  however 
for  each  variety,  and  all  varieties  do  not  react  in  the  same  manner.^ 

Several  investigators  have  crossed  winter  and  spring  wheats  and 
have  studied  the  behavior  of  the  segregating  hybrids.  Because  segre- 
gation is  so  greatly  influenced  by  environment,  results  have  seemed 
contradictory  and  are  not  at  all  conclusive.  In  some  cases  {12,  36) 
there  was  a  dominance  of  winter-growth  habit  over  spring-growth 
habit;  in  others  {6)  the  Fi  was  intermediate  in  time  of  ripening,  and 
in  F2  the  bulk  of  the  plants  were  earlier  than  the  late  parent. 

Vavilov  and  Kouznetsov  {39)  report  that  in  crosses  between  spring 
and  winter  wheats  spring-growth  habit  was  dominant  over  winter- 
growth  habit.  In  the  F2  generation  they  obtained  9.6  springs  to  1 
winter.  F3  lines  were  obtained  which  were  homozygous  for  different 
dates  of  heading.  They  conclude  that  growth  habit  is  controlled  by 
several  factors.  Aamodt  {1)  and  Gaines  and  Singleton  {H)  report 
results  similar  to  those  of  Vavilov  and  Kouznetsov. 

Cooper  studied  several  winter  X  spring  wheat  crosses  {10).  When 
Marquis  was  used  as  the  spring  parent  he  obtained  a  ratio  of  13  spring 
forms  to  3  winter  forms.  Using  Haynes  Bluestem  (Minnesota  No. 
169)  as  the  spring  parent,  the  ratio  was  3  springs  to  1  winter.  To 
explain  these  results  Cooper  assumed  that  the  winter  varieties  used 
in  his  crosses  had  the  genetic  constitution  SSii.  Marquis  was  as- 
sumed to  be  ssll,  the  II  factor  inhibiting  winter  habit.  Haynes  Blue- 
stem  (Minnesota  No.  169)  was  assumed  to  be  SSII. 

In  crosses  of  Marquis  and  Kota  with  Kanred,  Aamodt  {3)  obtained 
in  the  F2  generation  a  ratio  of  15  springs  to  1  winter.  In  the  Fj 
generation  grown  from  a  random  F2,  segregation  approximated  7  pure 
springs,  8  heterozygous,  and  1  pure  winter.  The  results  were  ex- 
plained by  assuming  that  Marquis  and  Kota  each  possess  two  pairs  of 
dominant  factors  for  spring  habit,  the  winter  Kanred  possessing  their 
recessive  allelomorphs. 

RUST  REACTION 

Several  publications  giving  complete  summaries  of  previous  work 
on  breeding  rust-resistant  wheat  are  available.  The  interested 
reader  is  referred  to  papers  by  Hayes  and  Stakman  {20)  \  Hayes, 
Stakman,  and  Aamodt  {21))  and  Aamodt  {3).  Work  similar  to  the 
present  investigations  only  will  be  considered. 

«  Batles,  B.  B.,  and  Martin,  J.  F.    growth  habit  and  yield  in  whkat  as  iNrLUXNCBD  bt  timk  or 
siKDiNQ.    [In  manuscript.] 
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In  a  Marquis  X  Kanred  cross  Melchers  and  Parker  {26)  found  a 
single-factor  difference  for  rust  reaction,  immunity  being  dominant 
when  the  plants  were  inoculated  at  heading  time  in  the  greenhouse. 
Aamodt  {1 )  and  Hayes  and  Stakman  {20)  also  worked  with  Kanred  X 
Marquis  crosses.  They  found  that  in  the  seedling  stage  one 
genetic  factor  or  a  group  of  factors  may  control  the  reaction  to  several 
physiologic  forms  of  rust.  Lines  resistant  to  stem  rust  in  the 
greenhouse  may  be  susceptible  in  the  field,  owing  entirely  to  the 
presence  of  different  physiologic  forms  under  field  conditions  or  to 
differences  in  reaction  at  various  stages  of  growth.  In  studying  a 
Marquis  X  Kota  cross,  Hayes  and  Aamodt  {17,  p.  1011)  concluded 
that — 

the  study  of  F3  seedlings  in  the  greenhouse  in  their  reaction  to  Forms  XIX  and 
XXVII  was  not  satisfactory  as  a  means  of  isolating  F3  lines  which  would  exhibit 
the  Kota  type  of  resistance  under  field  conditions. 

Crossing  Marquillo,  which  is  resistant  in  the  mature  stage  in  the 
field  but  susceptible  in  the  seedling  stage  in  the  greenhouse,  with 
Marquis  X  Kanred  lines,  which  are  immune  in  the  seedling  stage 
to  11  forms  of  rust,  Hayes,  Stakman,  and  Aamodt  {21)  found  that 
the  Marquis  X  Kanred  seedling  reaction  in  the  greenhouse  is  con- 
trolled by  a  single  pair  of  factors.  The  field  reaction  of  Marquillo 
was  best  explained  as  being  controlled  by  two  major  genetic  factors, 
although  minor  modifying  factors  were  involved.  The  factors  for 
field  resistance  of  the  Marquillo  parent  appeared  to  be  inherited 
independently  of  the  factors  for  greenhouse  immunity  of  the  Kanred 
parent.  Homozygous  types  were  obtained  which  combined  the  two 
types  of  reaction. 

Aamodt  {2)  assumed  that  lines  showing  immunity  or  resistance  in 
the  greenhouse  would  probably  be  resistant  in  the  field. 

In  a  cross  of  H-44  X  Marquis,  Goulden,  Neatby,  and  Welsh  {16) 
found  no  relation  between  the  greenhouse  seedling  reaction  to  forms 
21  and  36  and  the  field  reaction  of  the  mature  plant.  It  was  assumed 
that  different  genetic  factors  controlled  resistance  in  the  greenhouse 
and  in  the  field.  It  was  concluded  that  two  genetic  factors  were 
necessary  to  explain  the  reaction  in  the  greenhouse  to  form  36.  The 
studies  conducted  in  the  field  indicated  that  resistance  was  con- 
trolled by  a  single  pair  of  factors. 

In  crosses  of  Hope  with  Marquis  and  Reliance,  Clark  and  Ausemus  * 
have  shown  that  in  the  mature  stage  there  are  immune,  resistant, 
and  susceptible  strains  breeding  true  and  that  there  are  four  segre- 
gating types.  After  a  study  of  the  F2  and  F3  generations  of  these 
crosses,  the  results  were  explained  on  the  basis  of  a  2-factor  difference. 
Phenotypic  ratios  for  the  immune,  resistant,  and  susceptible  groups 
were  approximately  4:11:1.  In  a  Hope  X  Ceres  cross,  however, 
they  found  only  a  single-factor  difference  or  a  3 : 1  ratio  for  the  immune 
and  resistant  groups. 

It  is  known  that  there  may  be  several  types  of  resistance,  i.  e., 
physiological  {87),  morphological  {23),  or  functional  {16).  During 
the  seedling  stage  in  the  greenhouse  the  reaction  may  be  due  to 
physiological  or  true  protoplasmic  resistance.  In  the  mature  stage 
in  the  field  the  reaction  may  be  due  to  physiological  resistance,  to 

»  Claek,  J.  A.,  and  AusEMrs,  E.  R.   Inheritance  of  immunity  from  black  stem  rust,  yield,  and 

PROTEIN  content   IN   HOPE  "WHEAT  CROSSES  WITH  SUSCEPTIBLE  AND  RESISTANT  VARIETIES.     Washington, 

1928.    [Mimeographed,  p.  8.] 
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morphological  resistance,  such  as  the  size  of  the  collenchyma  bundles, 
or  to  functional  resistance,  such  as  the  time  when  the  stomata  open 
in  the  morning.  Thus  the  reaction  of  seedlings  in  the  greenhouse 
and  of  mature  plants  in  the  field  may  be  due  to  different  phenomena, 
each  controlled  by  independent  genetic  factors. 

MATERIAL  AND  METHODS 

The  problem  in  the  present  study  was  to  combine  winter  hardiness 
and  rust  resistance  in  a  single  variety.  No  available  winter  variety 
possesses  the  degree  of  rust  resistance  desired.  It  therefore  was 
necessary  to  use  a  highly  rust-resistant  spring  variety  and  a  very 
hardy  winter  variety. 

PARENT  MATERIAL 

The  two  varieties  used  for  parents  in  this  study  are  both  common 
wheats,  Triticum  vulgare  Vill. 

MINHARDI 

The  winter  parent,  Minhardi,  is  a  selection  from  an  Odessa  X 
Turkey  cross  made  at  the  Minnesota  Agricultural  Experiment  Sta- 
tion, University  Farm,  St.  Paul,  Minn.,  in  1902.  Minhardi  has  an 
awnless  spike  and  a  soft  red  kernel.  It  is  susceptible  to  black  stem 
rust.  As  previously  mentioned,  this  is  one  of  the  most  hardy  varieties 
so  far  tested  in  the  United  States  and  Canada.  The  Minhardi 
parental  material  was  from  a  single  head  obtained  from  the  wheat 
classification  herbarium  in  the  Office  of  Cereal  Crops  and  Diseases, 
Bureau  of  Plant  Industry,  United  States  Department  of  Agriculture. 

H.44 

The  spring  parent,  H-44,  is  an  unnamed  selection  from  a  Marquis  X 
Yaroslav-emmer  cross  made  in  1916  by  McFadden  (25).  The 
selection  H-44,  made  in  1923,  has  been  grown  at  University  Farm, 
St.  Paul,  Minn.,  since  1925.  The  H-44  is  bearded,  has  a  hard  red 
kernel,  and  is  highly  resistant  to  stem  rust,  leaf  rust,  loose  smut, 
and  bunt.  It  is  susceptible  to  black  chaff  and  root  rot.  The  H-44 
strain  and  Hope,  a  named  selection  from  the  same  cross,  seem  to 
possess  much  of  the  disease  resistance  of  emmer.  The  H-44  parental 
material  used  in  crossing  was  from  a  plant  selection  made  in  the  fall  of 
1925,  obtained  from  H.  K.  Hayes,  University  Farm,  St.  Paul,  Minn. 

CONTRASTED  CHARACTERS 

The  contrasting  characters  of  the  parents  are  as  follows : 


Characters 

Minhardi 

H-M 

Winter  hardiness 

Hardy 

Tender. 

Growth  habit. 

Winter 

Spring. 

Highly  resistant. 

Early. 

Awned. 

Stem-rust  reaction. 

Susceptible 

Heading  period __ 

Late 

Awnedness 

Awnleted  _.. 

Coleoptile  color 

Green 

Purple. 
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METHODS 

Crosses  were  first  made  by  the  writer  in  a  greenhouse  at  the 
Arlington  Experiment  Farm,  Rosslyn,  Va.,  during  the  winter  of 
1925-26.  Reciprocal  crosses  were  made  by  G.  F.  Sprague  at  North 
Platte,  Nebr.,  in  1926,  and  by  V.  H.  Florell  at  Davis,  Calif.,  in  1927. 
Seven  Fi  plants  of  the  Minhardi  X  H-44  cross  were  grown  from 
spring  seeding  at  Bozeman,  Mont.,  in  1926.  These  plants  matured 
so  late  that  the  seeds  were  badly  frosted  before  harvest  with  conse- 
quent reduction  in  germination  to  about  40  per  cent.  A  number  of 
Fi  plants  of  the  cross  were  grown  in  a  greenhouse  at  the  Arlington 
Farm  during  the  winter  of  1926-27.  Additional  Fi  plants  were  grown 
from  spring  seeding  at  Moccasin,  Mont.,  in  1927. 

The  F2  generation  was  grown  from  fall  seeding  at  Davis,  Calif., 
during  1927-28.  The  kernels  were  spaced  6  inches  apart  in  rows  1 
foot  apart,  and  the  crop  was  irrigated  as  necessary,  in  order  to  obtain 
as  much  seed  as  possible  from  each  plant.  At  this  station  both  winter 
and  spring  wheats  survive  from  fall  seeding,  and  all  types  head  at 
nearly  the  same  time  in  the  spring.  A  random  selection  of  the  F2 
population  was  made  as  a  basis  for  continuing  the  study  in  the  F3 
generation. 

In  the  fall  of  1928  the  F3  generation  was  sown  at  University  Farm, 
St.  Paul,  Minn.  From  the  seed  of  each  F2  plant,  duplicate  5-foot 
rows  were  space  planted  with  25  kernels  each.  A  few  rows  were 
similarly  planted  with  Fi  kernels  and  some  with  F2  kernels.  Check- 
rows of  Minhardi  were  sown  every  tenth  row,  and  every  fiftieth  row 
was  sown  with  H-44. 

A  duplicate  planting  of  the  F3  material  was  made  at  the  Judith 
Basin  substation.  Moccasin,  Mont.,  except  that  the  Fi  and  F2  mate- 
rial was  not  included.  In  so  far  as  seed  was  available,  each  F3  line 
was  sown  in  duplicate  5-foot  rows  at  both  stations. 

For  determining  segregation  for  growth  habit,  50  kernels  of  each 
F3  line  were  sown  in  a  single  10-foot  row  at  University  Farm  in  the 
spring  of  1929.  More  Fi  and  F2  material  also  was  grown  from  spring 
seeding.  A  check  of  the  H-44  parent  was  grown  in  every  tenth  row, 
and  the  Minhardi  parent  was  grown  in  every  fiftieth  row. 

At  University  Farm  artificial  stem-rust  epidemics  were  produced 
on  both  the  fall-sown  and  the  spring-sown  material,  by  transferring 
wheat  seedlings  covered  with  urediniospores  from  the  greenhouse 
to  the  field.  When  the  hybrid  plants  were  starting  to  shoot  they 
also  were  sprayed  with  a  suspension  of  urediniospores.  For  pro- 
ducing the  artificial  epidemic  in  the  field,  about  15  physiologic  forms 
of  stem  rust  were  used. 

For  the  greenhouse  rust  studies,  known  physiologic  forms  were 
used,  the  plants  being  inoculated  when  the  first  leaf  was  about  2 
inches  long.  The  physiologic  forms  of  rust  for  these  studies  were 
supplied  and  identified  by  E.  C.  Stakman  and  M.  N.  Levine,  Uni- 
versity Farm,  St.  Paul,  Minn. 

For  laboratory  freezing  tests  the  plants  were  grown  in  4-inch  pots, 
five  plants  per  pot.  When  the  plants  were  6  weeks  old  they  were 
exposed  to  artificially  produced  low  temperatures  and  then  allowed 
to  recover.  The  methods  used  in  conducting  this  phase  of  the 
experiment  are  explained  by  presenting  the  results. 
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From  the  foregoing  outline  it  will  be  seen  that  a  good  yield  of  seed 
from  each  F2  plant  was  necessary  in  order  to  carry  on  the  F3  tests. 
From  the  seed  of  each  F2  plant  100  kernels  were  sown  in  the  fall,  50 
kernels  were  sown  in  the  spring,  60  kernels  were  used  for  the  freezing 
tests,  and  between  40  and  80  kernels  were  used  for  the  greenhouse 
rust  studies.  By  growing  the  F2  material  at  Davis,  Calif.,  under 
irrigation,  it  was  possible  to  obtain  the  necessary  seed,  but  it  was  not 
possible  to  obtain  F2  data  on  most  of  the  characters,  the  study,  of 
necessity,  therefore,  being  based  upon  F3  results.  For  the  study  of 
winter  hardiness  in  fall-sown  material  and  the  study  of  growth  habit 
in  spring-sown  material  all  the  F2  plants  that  matured  sufficient  seed 
were  continued.  For  the  laboratory  studies  a  random  sample  of  the 
F2  plants  was  taken. 

RESULTS 

Experimental  results  on  winter  hardiness,  growth  habit,  rust  reac- 
tion, heading  period,  coleoptile  color,  and  awnedness  are  presented  in 
this  same  order. 

WINTER  HARDINESS 

The  following  method  was  used  in  taking  the  notes  on  winter 
hardiness:  Before  growth  stopped  in  the  fall,  counts  were  made  of 
the  total  number  of  plants  in  each  row.  In  the  spring,  after  growth 
was  well  started,  the  number  of  surviving  plants  were  counted.  The 
surviving  plants  were  classified  as  ''strong'*  or  "weak,"  depending 
upon  the  vigor  of  growth.  In  obtaining  a  mathematical  measure  of 
survival  for  each  row  the  number  of  strong  plants  was  multiplied  by 
1  and  the  number  of  weak  plants  by  0.5.  The  sum  of  these  two  cal- 
culations divided  by  the  total  number  of  plants  in  the  row,  in  the  fall, 
gave  a  survival  percentage  which  was  weighted  for  the  spring  condi- 
tion of  the  plants.  This  percentage  is  termed  hardiness  index,  and 
although  arrived  at  in  a  slightly  different  manner,  is  the  same  value 
as  that  used  by  Hayes  and  Aamodt  (18). 

AT  ST.  PAUL,  MINN. 

The  entire  nursery  at  University  Farm  was  sown  on  September  7, 
1928.  A  week  of  cool,  damp  weather  immediately  following  caused 
poor  germination,  resulting  in  a  reduced  number  of  plants  per  row. 
In  general  the  fall  was  mild,  and  while  there  were  nights  when  the 
temperature  dropped  below  freezing,  there  was  no  subzero  weather 
until  December  5,  when  —  1°  F.  was  recorded.  Throughout  the  early 
part  of  December  there  were  several  light  snows,  but  the  ground 
was  not  covered  lon^  at  a  time.  Temperatures  below  zero  were 
recorded  on  two  occasions  when  little  or  no  snow  covered  the  ground. 
An  inspection  of  the  nursery  on  December  27  showed  that  the  plants 
apparently  were  still  in  good  condition,  although  a  few  H-44  plants 
showed  signs  of  killing.  The  weather  was  very  mild  from  December 
24  to  29,  and  nearly  all  the  snow  melted.  Following  this  mild  weather 
it  suddenly  turned  veiy  cold,  the  mean  temperature  for  January 
being  1.9°,  with  a  low  of  -  24°.  Throughout  this  cold  weather,  how- 
ever, there  was  a  good  covering  of  snow  over  the  entire  nursery.  The 
weather  remained  cold  through  Februaiy,  with  no  thaw  occurring 
until  early  in  March,  when  the  weather  warmed  up  and  the  snow 
quickly  melted.     It  was  feared  that  the  cold  weather  of  January 
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following  so  quickly  the  thaw  of  late  December  might  have  killed 
the  entire  nursery,  but  apparently  the  plants  were  well  hardened  off, 
and  with  the  protection  afforded  by  the  snow  cover  some  plants  were 
able  to  survive. 

In  Table  1  are  given  the  survival  data  for  fall-sown  Fi  and  F2 
plants  compared  with  parent  plants  grown  in  adjacent  rows.  None 
of  the  H-44  plants  survived,  while  the  Minhardi  parent  had  a  sur- 
vival percentage  of  90.8  and  a  hardiness  index  of  89.6.  Only  four 
Fi  plants  came  up  in  the  fall,  and  all  of  these  died.  The  hardiness 
index  of  the  F2  plants  was  48.4,  this  being  about  halfway  between 
the  indexes  of  the  two  parents.  Approximately  half  of  the  surviving 
F2  plants  w^ere  classed  as  "strong." 

Table  1. — Hardiness  indexes  of  fall-sown  parents  and  F\  and  F2  plants  of  Minhardi 
X  H-44  crosses  grown  at  University  Farm,  St.  Paul,  Minn.,  winter  of  1928-29 


Variety  or  cross 

Total 
plants 

Number  of  plants  classi- 
fied as- 

Percent- 
age of 
survival 

Hardi- 
ness 

Strong 

Weak 

Dead 

index 

H-44 

81 

163 

4 

350 

81 

15 

4 

169 

0 
90.8 

0 
51.7 

0 

Minhardi 

144 

4 

89.6 

Minhardi  X  H-44  Fi       

0 

Minhardi  X  H-44Fj 

158 

23 

48.4 

A  total  of  620  F3  lines  were  grown  in  the  field-hardiness  study. 
Because  of  poor  germination  the  number  of  plants  per  line  was 
smaller  than  anticipated,  but  it  is  believed  that  numbers  were  large 
enough  to  give  an  indication  of  the  relative  resistance  to  cold  of  the 
different  lines.  The  hardiness  index  was  determined  for  each  row, 
and  the  duplicate  rows  of  a  given  line  were  averaged  to  obtain  the 
hardiness  index  for  the  line.  In  Table  2  these  data  are  arranged  in 
frequency  distributions. 

Table  2. — Hardiness   index  classes  of  parents  and  620  F3  lines  of  H-44  cti^d  Min- 
hardi wheat  crosses  grown  at  University  Farm,  St.  Paul,  Minn.,  1928-29 


Variety  or  cross 

Number  of  lines  with  hardiness  indexes  indicated 

Total 
num- 

,,„_ 

0 

5 

15 

25 

35 

45 

55 

65 

75 

85 

95 

ber  of     ^^^*'''" 
lines 

H-44       ...    . 

14 

1 

15 
89 

0.  3±0. 2 

Minhardi 

1 

10 

37 

41 

88.  3rt  .  5 

H-44  X  Minhardi.... 

33 
37 

60 
68 

38 
57 

23 
30 

29 
26 

32 
24 

24 
15 

21 
28 

17 
20 

11 
16 

5       293  i  31.  6±1. 1 

Minhardi  X  H-44 

s 

327  1  30.6±1.0 

Total  hybrids. 

70 

128 

95 

53 

55 

56 

39 

49 

37 

27 

11 

620  i  31. 1±  .  7 

Fifteen  rows  of  H-44  were  grown  in  each  replication.  In  one  of 
these  rows  one  plant  survived,  and  it  was  classed  as  ''weak."  This 
plant  did  not  mature.  Minhardi  had  an  average  hardiness  index 
of  88.3.  An  inspection  of  Table  2  shows  that  the  F3  lines  ranged 
from  those  totally  killed  to  those  that  were  as  hardy  as  the  winter 
parent.  Of  the  total  number  of  hybrid  lines  grown,  31.9  per  cent 
13247—31 2 
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had  a  hardiness  index  of  5  or  less,  which  was  the  range  of  the  spring 
parent,  18.3  per  cent  fell  within  the  range  of  the  winter  parent,  and 
49.8  per  cent  were  intermediate.  The  distribution  on  a  percentage 
basis  is  shown  graphically  in  Figure  1.  This  distribution  is  a  little 
different  from  that  usually  obtained  from  quantitative  characters. 
As  a  rule  one  would  expect  to  have  more  piling  up  in  the  intermediate 
classes. 

It  is  impossible  to  know  whether  any  of  the  F3  lines  were  less  hardy 
than  HHt4,  since  in  this  test  practically  all  plants  of  this  strain  were 
killed.  The  Minhardi  parent  had  a  rather  wide  range  of  survival, 
many  of  the  rows  having  a  hardiaess  index  of  100.  A  total  of  11  Fa 
lines  had  a  hardiness  index  above  91,  and,  of  these,  two  were  above  95. 
In  no  case  did  an  F3  line  have  a  hardiness  index  of  100.  It  seems  safe 
to  conclude,  however,  that  lines  as  hardy  as  the  Minhardi  parent  were 
obtained. 

As  noted  previously,  each  F3  line  was  grown  in  duplicate  5-foot  rows. 
Replication  is  desirable  in  the  study  of  a  character  such  as  resistance 
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Figure  1.— Hardiness  indexes  of  parent  and  Fj  lines  of  H-44  and 
Minhardi  wheat  crosses  grown  at  St.  Paul,  Minn.,  1928-29 

to  cold,  since  soil  or  slight  topographic  variations  might  cause  differ- 
ences in  killing  not  due  to  heredity.  In  this  study  there  was  some 
variation  in  survival  between  the  replications,  as  there  were  spots 
in  the  field  where  killing,  based  on  the  behavior  of  the  checkrows, 
was  much  greater  than  in  other  places.  In  a  few  cases  a  line  was 
completely  killed  in  one  replication  and  had  a  good  survival  in  the 
other  replication.  In  general,  however,  the  results  were  fairly  con- 
sistent, as  the  hardiness  index  of  each  F3  line  in  the  first  replication 
when  correlated  with  that  of  the  second  replication  gave  a  value  of 
r=+0.  631  ±0.017. 
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AT  MOCCASIN,  MONT. 

At  the  Judith  Basin  substation,®  Moccasin,  Mont.,  only  F3  and 
parental  material  was  grown.  All  of  the  F3  lines  of  which  there  was 
sufficient  seed  were  sown  in  duplicate  5-foot  rows.  The  nursery  was 
sown  August  23-24,  1928.  Germination  was  very  good,  many  of  the 
rows  having  perfect  stands.  The  plants  made  a  vigorous  fall  growth 
and  went  into  the  winter  in  good  condition.  The  winter  was  long  and 
cold,  but  with  a  heavy  snow  cover.  The  deep  snow  gave  enough 
protection  to  the  plants,  so  that  killing  was  rather  light. 

In  Table  3  are  presented  survival  data  of  the  608  F3  lines  and  their 
parents.  Fifteen  rows  of  H-44  were  grown  in  each  replication,  and 
in  7  of  these  rows  there  were  surviving  plants.     The  average  hardi- 
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Figure  2.— Hardiness  indexes  of  parent  and  F3  lines  of  H-44  and  Min- 
hardi  wheat  crosses  grown  at  Moccasin,  Mont.,  1928-29 

ness  index  of  H-44  at  Moccasin  was  2.3.  The  90  rows  of  Minhardi 
had  a  hardiness  index  ranging  between  91  and  100,  that  of  the  majority 
being  100,  showing  that  killing  was  much  less  severe  than  at  St.  Paul. 
Of  the  608  F3  lines,  5.9  per  cent  had  a  survival  within  the  range  of 
H-44,  41.9  per  cent  were  within  the  range  of  Minhardi,  and  52.2 
per  cent  were  intermediate.  In  Figure  2  are  shown  the  distributions 
by  hardiness  indexes  of  the  parents  and  hybrid  lines  charted  on  a 
percentage  basis.  In  this  case  there  is  a  piling  up  on  the  hardy  end 
of  the  curve,  while  at  St.  Paul  the  piling  up  was  at  the  opposite  end 
of  the  curve. 


•  The  writer  wishes  to  thank  B.  B.  Bayles  and  J.  L.  Sutherland  for  growing  the  material  and  taking  the 
survival  notes  at  Moccasin. 
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Table  3. — Hardiness  index  classes  of  parents  and  608  Fz  lines  of  H-44  and  Min- 
hardi  wheat  crosses  grown  at  the  Judith  Basin  substation,  Moccasin,  Mont., 
1928-29 


Variety  or  cross 

Number  of  lines  indicated  with  hardiness  indexes 

Total 
num- 

Mean 

0 

6 

15 

25 

35 

45 

55 

66 

75 

85    j   95 

ber  of 
lines 

H-44 

B 

7 

1 

15 

2  .^u-n  4 

Minhardi 

1    90 

90  I  95.0 

H-44  X  Minhardi 

9 
0 

22 
5 

16 
10 

17 
16 

18 
11 

15 
11 

23 
25 

26 
26 

23 
25 

27  1    87 
29     168 

282  1  61,4±1.3 

Minhardi  X  H-44 

326  '  76. 1±  .9 

Total  hybrids 

9 

27 

25 

33 

29 

26 

48 

52 

48 

56  j  255 

608  1  69.3d:  .8 

The  average  hardiness  index  of  all  F3  lines  grown  at  Moccasin 
was  69.3,  while  at  St.  Paul  it  was  31.1.  The  smaller  amount  of 
killing  in  Montana  is  a  reasonable  explanation  for  the  different  types 
of  distribution  of  the  hybrid  lines  obtained  at  the  two  places.  At 
St.  Paul  killing  was  probably  due  chiefly  to  low  temperature,  while 
at  Moccasin  additional  factors  may  have  been  of  importance,  par- 
ticularly drought,  soil  blowing,  and  root  rots. 

In  the  Montana  experiments  the  F3  lines  of  H-44  X  Minhardi  had 
an  average  hardiness  index  of  61.4  ±1.3,  while  the  average  for  the 
Minhardi  X  H-44  lines  was  76.1  ±0.9.  This  difference,  14.7  ±1.6, 
might  be  considered  significant,  except  that  at  St.  Paul  the  reciprocal 
crosses  had  nearly  identical  averages.  There  was  some  variation  in 
hardiness  index  between  the  replications  ^rown  at  Moccasin,  although 
in  general  the  results  agreed  fairly  well.  The  correlation  between 
the  hardiness  indexes  of  the  F3  lines  in  the  first  and  those  in  the 
second  replication  was  r=  +0.552  ±0.018.  The  killing  seemed  to  be 
heaviest,  however,  in  the  series  where  the  first  replication  of  the 
H-44  X  Minhardi  cross  was  sown.  Both  replications  of  the  Min- 
hardi X  H-44  cross  were  grown  under  slightly  more  favorable  con- 
ditions. This  probably  accounts  for  the  difference  in  survival  between 
the  reciprocal  crosses  at  Moccasin. 

RELATION  BETWEEN  HARDINESS  AT  ST.  PAUL  AND  AT  MOCCASIN 

Since  the  same  F3  lines  were  grown  at  both  St.  Paul  and  Moccasin, 
it  is  possible  to  correlate  survival  at  the  two  places.  In  Table  4  is 
presented  a  correlation  surface  showing  the  relation  of  hardiness 
indexes  at  the  two  places.  A  total  of  607  F3  lines  w^ere  used  in  this 
comparison,  in  which  r=  +0.416  ±0.023.  The  correlation  ratio  w^as 
0.422  ±0.023,  and  the  difference  between  17^  and  r^  is  1.9  times  its 
probable  error.  This  value,  while  not  large,  shows  that  lines  hardy 
at  one  place  tend  to  be  hardy  at  the  other,  indicating  that  the  same 
factor,  low  temperature,  was  the  chief  cause  of  winterkilling  at  both 
places. 
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Table  4. — Correlation  between  the  hardiness  indexes  of  F3  lines  of  H-44  cind  Min- 
hardi  wheat  crosses  grown  at  Moccasin,  Mont.,  and  the  hardiness  indexes  of  the 
same  lines  grown  at  St.  Paul,  Minn.,  1928-29 


Hardiness  index  at  St. 

Hardiness  index  at  Moccasin 

Total 
num- 

Paul (per  cent) 

0 

5 

15 

25 

35 

45 

55 

65 

75 

85 

95 

ber  of 
lines 

0 - 

2 
3 

7 
12 
3 
3 

5 
7 
6 
3 
3 
1 

6 

3 
3 

1 

4 
13 
6 
2 

""l 
1 
2 

4 
6 

7 
3 
2 
1 

1 

1 

4 
10 
12 
8 
3 

I 

2 

9 
15 
7 
6 

4 
10 
8 
4 
7 
5 
3 
2 
4 

3 
7 

11 
2 
4 

13 
4 
6 
3 
2 
1 

17 
34 
24 
17 
25 
25 
22 
33 
26 
23 
9 

65 

5                

126 

16 

94 

25      ..— - 

1 
2 

1 

52 

35 

54 

45            

55 

55 

39 

65    - - 



1 

49 

75 

37 

85 

1 

26 

95 

10 

-- 

Total  lines 

9 

27 

25 

33 

29 

26 

48 

52 

47 

56 

255 

607 

r=+0.416db0.023.    »7  =  0.422±0.023. 


P.E.' 


■1.9. 


A  study  of  the  correlation  surface  gives  a  possible  explanation  as 
to  why  the  coefficient  of  correlation  was  not  higher.  Many  of  the 
lines  that  had  low  survivals  at  St.  Paul  had  high  survivals  at  Mocca- 
sin. Of  the  191  lines  which  at  St.  Paul  fell  in  the  hardiness  index 
classes  of  5  and  less,  99  had  hardiness  indexes  of  65  or  more  at  Moc- 
casin. Among  the  more  hardy  lines  the  correlation  in  survival  at 
the  two  places  was  greater.  In  other  words,  the  test  in  Montana 
was  not  severe  enough  to  kill  many  of  the  less  hardy  lines. 

From  the  data  on  winter  hardiness  obtained  in  the  field  the  com- 
plicated nature  of  the  character  is  shown.  It  is  easily  seen  that 
environment  greatly  influences  results,  making  any  detailed  explana- 
tion of  inheritance  out  of  the  question.  It  is  probable,  however, 
that  several  factors  are  involved,  their  expression  being  greatly 
influenced  by  environment. 

LABORATORY  STUDIES  ? 

Laboratory  freezing  tests  were  made  on  118  F3  lines  of  the  H-44 
and  Minhardi  wheat  crosses,  selected  at  random.  Each  of  the  lines 
used  for  this  test  also  was  grown  from  fall  seeding  in  the  field  at  both 
St.  Paul  and  Moccasin.  A  large  number  of  plants  of  each  parent  also 
were  grown  in  the  laboratory. 

Four-inch  clay  pots  were  filled  with  steam-sterilized  soil,  made  up 
of  a  mixture  of  3  parts  loam  to  1  part  sand.  After  the  pots  were 
filled  they  were  thoroughly  wet  down  previous  to  sowing  on  Novem- 
ber 6.  From  six  to  eight  seeds  were  placed  in  each  pot  in  order  to 
insure  a  uniform  stand  of  five  plants  per  pot. 

A  total  of  12  pots  were  sown  for  each  fine.  In  order  to  overcome 
variations  in  growth  due  to  difference  in  light  and  temperature  at 
various  places  in  the  greenhouse,  the  pots  of  each  line  were  systemati- 
cally distributed  in  groups  of  three  each  at  four  different  places  on 
the  greenhouse  benches.  Parent  check  material  was  similarly 
distributed  so  as  to  be  wholly  comparable. 


^  The  writer  expresses  his  appreciation  to  R.  B.  Harvey,  University  Farm,  St.  Paul,  Minn.,  for  his  valua- 
ble suggestions  and  kind  cooperation  in  conducting  these  tests,  and  to  S.  C.  Salmon,  Kansas  State  Agri- 
cultural College,  Manhattan,  Kans.,  for  suggestions  in  planning  the  experiment. 
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Germination  was  slow  and  mice  caused  some  damage,  making 
necessary  a  small  amount  of  reseeding  and  some  transplanting  in 
order  to  have  a  uniform  number  of  plants  in  each  pot.  The  tem- 
perature was  held  near  70°  F.  until  emergence  was  complete  on 
November  14,  and  then  lowered  to  between  55°  and  60°.  It  was 
desired  to  maintain  a  temperature  as  near  55°  as  possible,  but  during 
the  middle  of  the  day  the  temperature  occasionally  went  up  before 
the  ventilators  could  be  opened  and  the  heat  shut  off.  There  were 
no  automatic  controls  in  the  house  in  which  this  material  was  grown, 
making  close  regulation  of  the  temperature  difficult. 

By  November  21  the  plants  had  reached  the  second-leaf  stage, 
and  from  this  time  on  the  temperature  was  slowly  lowered  until 
December  2,  when  the  mean  temperature  was  below  40°  F.  In 
Figure  3  is  presented  a  curve  of  the  daily  mean  air  temperature  from 
November  6,  the  date  of  planting,  until  December  14,  when  the 
last  pots  were  frozen.  On  December  4  the  minimum  temperature 
dropped  to  28°,  causing  the  plants  and  soil  to  freeze.  The  tem- 
perature was  raised  in  order  to  thaw  out  the  plants  and  soil,  and 
afterwards  the  temperature  was  held  between  32°  and  40°  as  far  as 
possible.  Owing  to  a  very  mild  spell  of  weather,  it  was  very  difficult 
to  maintain  the  desired  low  temperature.     On  clear  days,  between 
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Figure  3.— Daily  mean  air  temperature  in  the  greenhouse  during  the  period  of  growing  the 
plants  for  freezing  studies 

10  a.  m.  and  2  p.  m.,  the  temperature  would  go  up  above  40°,  but 
would  fall  quickly  after  the  sun  went  down.  It  will  be  seen  from  the 
chart  that  the  mean  temperature  was  below  40°  from  December  2  to 
9,  when  the  weather  warmed  up  again,  and  as  a  result  the  greenhouse 
temperature  went  up,  although  all  heat  was  shut  off. 

Throughout  the  period  of  growth  the  pots  were  watered  whenever 
they  seemed  to  be  dry.  No  attempt  was  made  to ^ive equal  quantities 
of  water  to  each  pot,  but  the  pots  were  kept  uniformly  moist  in  so 
far  as  it  was  possible  to  do  so  from  inspection  only. 

The  low-temperature  equipment  of  the  department  of  botany. 
University  of  Minnesota,  was  used  for  the  freezing.  Preliminary 
tests  were  run  on  parental  material  to  determine  the  proper  tem- 
peratures and  duration  of  exposure,  as  the  amount  of  hardening  off 
would  largely  determine  how  low  a  temperature  the  plants  would  be 
able  to  withstand. 

From  these  preHminary  trials  a  23-hour  exposure  at  14°  F.  was 
chosen  for  the  first  test.  On  the  evening  of  December  10  four  pots 
of  each  of  the  F3  linefe,  one  from  each  replication,  together  with 
parent  checks,  a  total  of  600  pots,  were  placed  in  the  cold  room  at 
the  same  time.  The  pots  were  allowed  to  remain  in  the  low-tem- 
perature room  for  about  23  hours.  Owing  to  unavoidable  accidents, 
good  temperature  control  was  not  obtained.     During  more  than  6  of 
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the  23  hours  the  temperature  was  below  14°  F.  For  4  hours  the 
temperature  was  below  10°,  dropping  as  low  as  3°  for  about  20 
minutes.  Temperatures  were  automatically  recorded  every  10  min- 
utes, and  the  mean  of  all  these  readings  was  11.5°.  After  removing 
the  pots  from  the  cold  room,  they  were  placed  in  a  greenhouse  to 
thaw  out. 

The  second  test  was  set  for  23°  F.  and  ran  for  about  23  hours.  As 
before,  4  pots  of  each  of  the  F3  lines,  with  parent  checks,  a  total  of  600 
pots,  were  tested.  Temperature  control  again  was  poor,  and  for  6  hours 
the  temperature  was  below  10°,  being  as  low  as  1°  to  2°  for  about  40 
minutes.     The  average  temperature  for  this  test  was  15.6°. 

A  third  test,  using  the  final  600  pots  of  F3  hybrid  and  parent 
material,  also  was  set  at  23°  F.  In  this  test  the  temperature  remained 
relatively  constant,  varying  only  about  5°,  the  mean  temperature 
for  the  entire  23-hour  period  being  23.5°. 

After  freezing,  the  material  from  all  three  lots  was  placed  in  a 
greenhouse,  held  at  a  temperature  of  55°  to  60°  F.,  and  kept  well 
watered  in  an  attempt  to  revive  the  plants.  Ten  days  after  freezing, 
records  were  taken  on  plant  condition.  These  records  took  into 
account  numbers  of  living  and  dead  plants  and  also  the  degree  of 
injury  in  surviving  plants.  A  number  of  pot  cultures  selected  to 
show  the  different  degrees  of  killing  are  illustrated  in  Plate  1.  In 
arriving  at  a  numerical  measure  of  condition,  the  plants  in  each  pot 
were  graded  according  to  the  criteria  given  in  Table  6.  If  all  five 
plants  were  uninjured,  the  condition  value  for  the  pot  was  5X20, 
or  100.  If  the  pot  had  two  dead  plants  and  three  weak  plants  the 
value  was  2X0  +  3X8,  or  24.  The  average  value  for  the  four  pots 
of  each  F^  line  was  taken  as  the  measure  of  hardiness  for  that  line  in 
the  test  concerned. 


Table  5. — Pot  cultures  of  wheat  plants  graded  to  show  different  degrees  of  killing 
caused  by  exposure  to  artificially  produced  freezing  temperatures 


Pot  No. 

Parent  or  cross 

Condition 
10  days 

after 
freezing 

Survival 
30  days 

after 
freezing 

1 

H-44 

Per  cent 
0 
16 
48 
20 
36 
60 
68 
100 

Per  cent 
0 

2 

H-44  X  Minhardi  Fs - 

0 

3 

do 

0 

4 - 

do — -- 

20 

5 

do                              

60 

6 

do 

100 

7 

do                        

100 

8 

Minhardi 

100 

Table  6. — Criteria  for  evaluating  plant  condition  10  days  after  exposure  to  low 

temperature 


Description 


Dead 

Very  weak... 

Weak 

Heavy  injury 
Light  injury. 
No  injury 


Visible  criteria 


No  sign  of  life 

Showing  only  small  amounts^of  living  tissue 

Leaves  more  than  half  killed 

Iveaves  about  half  killed 

Tips  of  leaves  killed. 

No  sign  of  killing 


Assigned 

numerical 

value 
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A  second  observation  was  made  30  days  after  the  freezing  test. 
At  this  time  the  plants  were  classed  as  dead  or  alive,  no  attempt 
being  made  to  segregate  the  living  plants  as  to  vigor  of  growth.  It 
seemed  certain  that  by  this  time  all  the  plants  that  had  not  died  were 
not  injured  severely  enough  to  prevent  ultimate  recovery. 

Data  on  plant  condition  10  days  after  freezing  are  presented  in 
Table  7.  In  the  first  test,  at  a  mean  temperature  of  11.5°  F.,  the 
H-44  plants  were  nearly  all  killed,  the  average  condition  being  only 
0.5,  while  the  Minhardi  plants  had  an  average  condition  of  67.8. 
The  condition  of  the  118  F3  hybrid  lines  ranged  from  0  to  52.5  per 
cent,  some  lines  being  as  tender  as  H-44,  none  as  resistant  as  Min- 
hardi, and  the  majority  falling  into  the  less  resistant  classes.  In 
the  second  test,  at  a  mean  of  15.6°  F.,  the  average  condition  of  H-44 
was  0.9  and  Minhardi  79.1,  Minhardi  being  considerably  higher  than 
in  the  first  test.  In  this  test  also  some  of  the  F3  lines  were  as  tender 
as  the  H-44  parent  and  two  lines  were  within  the  limits  of  Minhardi. 
The  general  distribution  for  the  F3  lines  in  the  two  tests  was  about 
the  same. 
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In  the  third  test,  at  a  mean  of  23.5°  F.,  the  material  was  not 
frozen  hard  enough  to  give  good  differentiation  between  the  hardy 
and  nonhardy  lines.  The  data,  however,  show  no  F3  lines  less  hardy 
than  H-44.  While  there  was  not  the  wide  difference  between  the 
two  parents  shown  by  the  tests  at  lower  temperatures,  the  general 
trend  of  the  hybrids  was  similar  to  that  in  the  other  tests. 

Data  from  the  third  test  were  not  averaged  with  those  from  the 
first  and  second  tests,  since  they  did  not  show  sufficient  killing  or 
differentiation.  The  average  data  of  the  first  two  tests  show  that 
five  F3  lines  fell  within  the  limits  of  the  H-44  parent  and  two  within 
the  limits  of  Minhardi,  the  remainder  of  the  lines  being  intermediate 
between  the  two  parents.  Data  on  parents  and  hybrids  are  presented 
graphically  in  Figure  4. 


!q  ^  y^  !j^ 


3  !f»  *^1^ 


FiouBB  4.— Condition  of  parents  and  F|  lines  of  H-44  and  Minhardi 
wheat  crosses  10  days  after  freezing 

Despite  the  slightly  different  temperatures  of  the  first  and  second 
tests,  the  correlation  for  the  118  F3  lines  in  the  two  tests  was  highly 
significant,  r=  +0.822  ±0.020.  This  correlation  is  higher  than  that 
between  replications  in  the  field  or  between  the  data  from  St.  Paul 
and  from  Moccasin. 

Data  taken  30  days  after  freezing  are  presented  in  Table  8.  Data 
from  the  first  two  freezing  tests  only  are  given,  since  in  the  third  test 
practically  all  plants  survived.  No  H-44  plants  survived  in  either  of 
the  two  tests,  while  Minhardi  had  an  average  survival  of  86.3  per  cent. 
The  spring  parent  and  some  F3  lines  were  totally  killed,  while  in  both 
tests  a  few  hybrid  lines  had  survivals  within  the  limits  of  Minhardi. 
Averaging  the  two  tests,  10  lines  had  no  survivals  and  5  lines  had 
survivals  within  the  limits  of  Minhardi.  The  correlation  between 
the  percentage  of  plants  alive  in  the  first  freezing  test  and  in  the  second 
was  r= +0.761  ±0.026. 
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The  relative  value  of  the  two  sets  of  hardiness  data,  the  one  taken 
10  days  and  the  other  30  days  after  freezing,  is  of  interest.  Using  av- 
erages, in  both  cases,  the  correlation  between  condition  10  days  after 
freezing  and  survival  30  days  after  freezing  was  r=  +0.910  ±0.011. 
This  high  correlation  indicates  that  either  method  can  be  used  to 
measure  hardiness. 


RELATION  BETWEEN  FIELD  AND  LABORATORY  HARDINESS  RESULTS 

Although  freezing  studies  can  be  conducted  in  the  laboratory  under 
controlled  conditions,  the  results  are  of  practical  value  only  in  so  far 
as  they  are  correlated  with  field  results.  In  these  studies  the  same 
F3  lines  were  exposed  to  freezing  temperatures  in  the  laboratory  and 
were  grown  from  fall  planting  in  the  field,  both  at  St.  Paul  and  at 
Moccasin.  Since  plant  condition  10  days  after  freezing  and  survival 
30  days  after  freezing  were  highly  correlated,  only  one  of  these  criteria 
need  be  considered  m  determining  the  correlation  between  field  and 
laboratory  studies.  Survival  30  days  after  freezing  seems  to  be  more 
comparable  with  the  field  results  and  is  used  in  comparing  the  labo- 
ratory and  field  methods.  Survival  in  the  laboratory  when  correlated 
with  the  hardiness  index  as  determined  in  the  geld  at  St.  Paul  gave  a 
correlation  r  =  +  0.582  ±  0.041.  Survival  in  the  laboratory  correlated 
with  the  hardiness  index  in  the  field  at  Moccasin  results  in  a  slightly 
higher  coefl&cient,  r=  +0.629  ±0.038.  Using  the  average  of  the  har- 
diness indexes  at  Moccasin  and  St.  Paul  as  the  measure  of  the  field 
reaction  and  correlating  with  survival  in  the  laboratory,  the  coeffi- 
cient is  still  higher,  r=  +0.713  +  0.031.  The  correlation  surface  for 
this  comparison  is  shown  in  Table  9. 

Table  9. — Correlation  between  average  field  hardiness  index  and  laboratory  survival 
SO  days  after  freezing  for  118  Fz  lines  of  H-44  ctnd  Minhardi  wheat  crosses 


Laboratory  survival  (per 

Number  of  lines  with  a  field  hardiness  index  (per  cent)  of— 

Total 
num- 

cent) 

2.6 

7.5 

12.6 

17.5 

22.5 

27.6 

32.6 

37.5 

42.5 

47.5 

52.6 

67.6 

62.6 

67.5 

72.5 

77.5 

berof 
lines 

5 

7 
6 
2 
2 
3 
1 

"5' 
3 
1 
2 
1 

2 
1 
3 
3 

4 
1 
4 

1 

9 

\K 

1 
2 
2 
2 
■  4 
1 
1 
1 

18 

26 

1 

i 
2 

2 

11 

35 

1 
2 
1 
1 

10 

45 

14 

56       .      

1 
.... 

2 

"2" 
1 

1 

1 

14 

65 

' 

15 

75 

1 

.... 

2 
2 

10 

85                           •       .  . 

2 

1 

2 
2 

16 

95 

6 



.-.- 

.--- 

.... 

.... 

Total  number  of  lines. 

21 

13 

19 

14 

5 

10 

7 

8 

4 

2 

5 

1 

0 

1 

4 

118 

r-0.713±0.031.    »7=0.776d=0,025.    ^-X*-2.6. 
Jr.  Hi. 


In  general,  the  relation  between  field  and  laboratory  tests  is  very 
good.  The  five  lines  with  outstanding  hardiness  in  the  field  also 
showed  a  high  degree  of  resistance  to  artificially  produced  low  tem- 
peratures. None  of  the  lines  with  a  low  survival  in  the  greenhouse 
were  hardy  in  the  field,  but  a  few  of  the  lines  which  appeared  to  be 
resistant  to  cold  in  the  greenhouse  were  not  hardy  in  the  field.  From 
this  rather  limited  test  it  would  seem  that  artificial  freezing  offers 
considerable  promise  in  eliminating  hybrid  lines  susceptible  to  cold. 
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By  subjecting  hybrid  material  to  artificially  produced  low  tempera- 
tures it  should  be  possible  to  select  the  more  cold-resistant  lines,  and 
these  could  then  be  tested  in  the  field  for  final  selection.  Freezing 
tests  can  be  conducted  during  the  winter  regardless  of  extreme  changes 
in  temperature  and  without  the  danger  of  failing  to  get  a  test  or  of 
losing  all  of  the  plant  material. 

GROWTH  HABIT 

Growth  habit  designates  the  general  characteristics  that  separate 
winter  and  spring  wheats.  True  spring  wheats  when  spring  sown 
will  produce  heads,  while  true  winter  wheats  remain  vegetative  and 
produce  few  if  any  heads  when  spring  sown  under  Minnesota  con- 
ditions. This  study  of  growth  habit  is  based  almost  entirely  on 
spring-sown  F3  material,  grown  at  University  Farm.  Some  data 
were  obtained,  however,  on  the  behavior  of  Fi  and  F2  plants,  grown 
with  the  F3  lines. 

The  absence  or  presence  of  heads  and  the  date  of  heading  were 
used  to  separate  the  winter,  spring,  and  segregating  lines.  Three 
days  after  the  first  head  appeared  all  plants  upon  which  at  least 
one  head  had  completely  emerged  were  tagged.  Three  days  later 
all  the  plants  that  had  headed  since  the  tagging  of  the  first  group 
were  tagged.  This  method  of  tagging  was  continued  for  eight  periods 
or  24  days  after  the  first  head  appeared  in  the  nursery.  By  this  time 
the  number  of  plants  heading  had  decreased  so  materially  that  the 
tagging  was  continued  only  at  6-day  intervals,  designated  as  periods 
10  and  12.  The  plants  that  had  not  headed  by  the  twelfth  period, 
36  days  after  heading  started,  were  considered  to  be  winter. plants. 
Such  plants  began  to  die  at  this  time. 

Of  the  3,608  plants  of  the  H-44  parent  grown  as  checks  with  the 
Fi,  F2,  and  F3  material  at  University  Farm,  57.8  per  cent  headed  in 
period  1,  32.8  per  cent  in  period  2,  8.9  per  cent  in  period  3,  and  0.5 
per  cent  in  period  4.  Not  a  single  plant  of  the  Minhardi  parent 
produced  heads,  and  after  the  twelfth  period  they  all  dried  up,  due 
to  hot  weather  and  a  heavy  epidemic  of  leaf  rust. 

Data  on  the  growth  habit  of  Fi  and  F2  hybrids  and  of  some  parent 
material  are  presented  in  Table  10.  Of  the  267  plants  of  H-44  grown 
in  rows  adjacent  to  the  Fi  and  F2  plants,  most  of  the  plants  headed 
in  the  first  two  periods,  a  few  in  period  3,  and  1  in  period  4.  A 
total  of  five  Fi  plants  were  grown,  all  of  which  headed  somewhat  later 
than  the  spring  parent.  Other  Fi  material  grown  from  spring  sowing 
in  previous  years  behaved  in  about  the  same  manner.  In  1926 
seven  Fi  plants  grown  at  Bozeman,  Mont.,  headed  10  days  later 
than  the  H-44  parent.  In  1927  an  Fi  plant  grown  at  Moccasin 
from  spring  sowing  headed  13  days  later  than  the  spring  parent. 
A  number  of  Fi  plants  grown  in  a  greenhouse  at  the  Arlington  Ex- 
periment Farm  headed  slightly  earlier  than  H-44  plants  sown  at  the 
same  time.  These  observations  indicate  a  dominance  of  spring- 
growth  habit  in  this  cross. 
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Table  10. — Growth  habit  of  Fi  and  F2  hybrids  and  parents  of  H-44  and  Minhardi 
wheat  crosses  grown  at  St.  Paul,  Minn. 


Number  of  plants  of  heading  period  stated 

Total 

number 

of 

plants 

Variety  or  cross 

Spring  period 

Winter 
period 

1 

2 

8 

4 

5 

6 

7 

« 

10 

12 

H-44 

138 

107 

21 

1 

3 

Minhardi 

... 

..  . 

.... 

.... 

74 

Minhardi  X  H-44,  F| 

3 
1 

H-44  X  Minhardi,  Fi 

1 

"  " 

... 

........ 

2 



Minhardi  X  n-44,  Fj 

1 
2 

31 
14 

38 
39 

32  '  37 

12 
18 

7  '    8 
7     16 

16 
21 

12    1             99  \             91« 

H-44  X  Minhardi,  Fj 

37 

38 

" 

20  1          223 

Total  Fi  hybrids 

3 

45 

77 

69 

75 

30 

14 

24 

37 

23 

42            '^ 

Of  the  439  F2  plants,  48  headed  in  periods  1  and  2,  resembling 
the  H-44  parent.  A  total  of  221  plants,  or  more  than  half  the  popu- 
lation, headed  in  periods  3,  4,  and  5,  resembling  the  Fi.  Some 
plants  headed  in  periods  6  to  12,  or  much  later  even  than  the  Fi. 
Only  42  true  winter  plants  failed  to  head. 

The  F2  data,  grouped  on  the  basis  of  spring  and  winter  types, 
together  with  theoretical  numbers  calculated  from  several  ratios, 
are  presented  in  Table  11.  The  observed  numbers  do  not  fit  closely 
the  calculated  numbers  for  any  of  these  theoretical  ratios.  The 
observed  number  of  winter  types  falls  nearly  half  w^ay  between  the 
calculated  numbers  for  a  15:1  ratio  and  a  55:9  ratio.  Although  the 
deviation  of  observed  from  calculated  is  lov/est  for  the  15:1  ratio, 
the  odds  favor  the  55:9  ratio. 

In  1927  a  small  F2  population  was  grown  from  spring  sowing  at 
Moccasin,  Mont.  Here  the  observed  ratio  was  175  spring  to  6 
winter.  The  deviation  from  the  calculated  15:1  ratio,  5.3  ±2.2, 
was  only  2.4  times  its  probable  error. 

Table  11. — Segregation  of  439  F2  plants  of  H-44  o,nd  Minhardi  wheat  crosses 
for  growth  habit,  compared  with  calculated  numbers  for  15:1,  13:3,  and  55 :9 
ratios 


Theoretical  ratio 

Number     of     Fi 
plants      having 
growth  habit  of— 

Deviation 

Probable 
error 

Deviation + 

probable 

error 

Odds 

Spring 

Winter 

16:1: 

Observed.. 

897.0 
411.6 

397.0 
866.7 

897.0 
877.8 

42.0 
27.4 

42.0 
82.3 

42.0 
61.7 

Calculated 

14.6 

8.42 



4.S 

267:1 

13:3: 

Observed.. 

Calculated 

40.3 

5.62 

7.8 

"*"'Hiih". 

56:9: 

Observed 

Calculated 

19.7 

4.01 

4.0 

142:1 

In  the  F3  generation  grown  at  St.  Paul  from  spring  seeding,  there 
were  622  hnes  which  were  selected  entirely  at  random.  These  lines 
when  separated  into  the  two  phenotypic-growth  habit  groups  give 
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589  spring  to  33  winter.  These  numbers  are  compared  with  the  theo- 
retical ratios,  15:1,  13:3,  and  55:9,  in  Table  12.  In  this  case  the 
fit  to  a  15:1  ratio  is  very  close.  Since  an  Fg  test  is  more  reliable 
than  an  F2  test,  it  would  seem  that  segregation  for  growth  habit  in 
this  cross  best  fits  a  ratio  of  15  spring  to  1  winter.  Two  genetic 
factor  pairs  therefore  are  necessary  to  explain  the  segregation. 

Table  12. — Segregation  of  622  Fz  lines  of  H-44  ci'i^d  Minhardi  wheat  crosses  for 
growth  habit,  compared  with  calculated  numbers  for  15: 1,  13:3,  and  65:9  ratios 


Theoretical  ratio 

Number  of  F3  lines 
having    growth 
habit  of— 

Deviation 

Probable 
error 

Deviation 

•4- probable 

error 

Odds 

Spring 

Winter 

15:1: 

589.0 
583.1 

589.0 
505.4 

589.0 
534.6 

33.0 
38.9 

33.0 
116.6 

33.0 

87.4 

Calculated 

5.9 

4.07 

1.4 

1.9:1 

13:3: 

Calculated 

83.6 

6.57 

12.7 

High. 

55:9: 

Observed 

Calculated 

5i.T 

5.89 

9.2 

High. 

In  order  to  analyze  the  F3  lines  more  fully  they  were  classified  into 
six  genotypic  groups,  depending  upon  their  breeding  behavior.  The 
groups  are  distinguished  as  follows : 

(1)  Early  spring,  where  all  plants  headed  as  early  as  the  spring  parent. 

(2)  Late  spring,  where  all  plants  headed  during  a  relatively  short  period,  but 
later  than  the  spring  parent. 

(3)  Segregating  spring,  where  all  plants  headed  but  the  heading  extended  over 
several  periods. 

(4)  Segregating  like  F2,  where  all  types  appeared  in  proportions  similar  to 
the  F2. 

(5)  Segregating  spring  and  winter,  w^here  segregation  occurred  for  late  spring 
and  winter  types. 

(6)  Winter,  where  no  plants  headed. 

While  it  is  not  desirable  to  give  all  the  data  obtained  on  growth 
habit,  a  few  examples  of  the  various  types  of  segregation  are  given  in 
Table  13.  In  making  up  this  table  an  attempt  was  made  to  give  a 
reasonable  example  of  the  method  of  classification.  It  will  be  seen 
that  Fg  lines  were  recovered  which  headed  within  the  limits  of  the 
spring  parent,  also  spring  lines  which  were  apparently  homozygous 
for  later  heading.  The  amount  of  variability  present  also  can  be 
seen  from  the  data  in  this  table.  In  Plate  2  the  different  types  of 
growth  habit  are  illustrated. 
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Table  13. — Types  of  aegregation  for  growth  habit  obtained  in  F%  lines 
Minhardi  wheat  crosses  in  comparison  with  the  parents 

of  H-44  and 

Number  of  plants  of  heading  period  stated 

Name  of  parent  or  hybrid  No. 

Spring  period 

Winter 

Total 
num- 
ber of 

. ^- 

1 

2 

3 

4 

6 

6 

7 

8 

10 

12 

plants 

Parents: 

H-44 

36 
9 
11 
32 

3 

27 
22 
10 

2 

5 
4 

41 
41 

Do 













Do 

1 

.... 











38 
42 
43 

Do 

""" 











Minhardi 















43 
40 
39 

Do 

---- 

*""" 

""*" 

.... 

.... 

40 

Do... 





















39 
41 

Fj  hybrid  lines: 
Early  spring— 

lC-1-6... 

3 
19 
6 

23 
15 
27 

15 
6 
4 

17 

lC-1-43 













40 

lC-2-19 

.... 

.... 

36 

Late  spring — 

2C-1-113 

18 

9 

8 

44 

lC-3-16 



27 
13 

2 

7 
16 

2 
21 

1 

1 

11 

\ 



38 

lC-1-105 

._  . 

'■  " 

._  . 

2 

40 

Segregating  spring— 

lC-2-35 

5 

6 

15 

16 

1 

3 
11 
10 

9 
11 

1 

3 
2 

1 
6 
5 

2 
4 

6 

39 

lC-2-6 

\ 

2 
4 
2 

"2' 
2 





42 

lC-1-101 





1 
7 
"2 

2 

1 

7 
3 

1 

7 
7 
12 

2 
4 
5 

26 
17 
12 

48 
29 
42 

40 

Segregating  like  Fj— 

lC-1-2 

5 
1 

11 
11 
2 

42 

lC-1-68, 

3 

5 

5 
2 

6 

2 
2 
1 

43 

1C-1-100-... 

35 

:    Segregating  spring  and  winter— 

42 

lC-2-26 



5 

4 
3 

40 

2C-1-14 

"" 

35 

Winter- 

lC-1-92.... 

48 

lC-^-4 

. 

29 

lC-2-61 _ 

42 

f" 

The  number  of  F3  lines  that  could  be  placed  in  each  of  the  six 
growth-habit  groups  enumerated  above  are  given  in  Table  14.  The 
data  show  that  40  lines  were  classed  as  early  spring,  68  late  spring, 
33  winter,  and  the  remainder  in  the  segregating  groups.  Since  the 
number  of  early  spring  and  winter  types  each  closely  approximate 
one-sixteenth  of  the  total,  calculated  numbers  based  onal:2:4:4:4:l 
genotype  ratio  were  obtained.  The  observed  and  calculated  num- 
bers, compared  by  the  goodness-of-fit  method,  are  shown  together  in 
Table  14.  The  value  of  P  =  0.38  indicates  that  38  times  in  100  triafs 
a  poorer  fit  than  the  one  obtained  would  be  expected,  due  to  chance 
alone. 

Table  14. — Segregation  of  622  Fz  lines  of  H-44  and  Minhardi  wheat  crosses  for 
growth  habit,  compared  by  the  goodness-of-fit  method  with  a  calculated  t:2:4'4'4'-i 
genotypic  ratio 


Growth-habit  groups 

Fi  lines 

0-C 

(0-O» 

Observed 

Calculated 

<?' 

Early  spring .....      ....    ....... 

Number 
40 
68 
160 
175 
146 
33 

Number 
38.9 
77.7 
155.6 
166.6 
166.5 
38.9 

1.1 

-9.7 
4.5 
19.5 
-9.6 
-5.9 

0.03 

Late  spring 

1.21 

Segregating  spring ........_..._. 

.13 

Segregating  like  Fj ..                                  ...... 

2.45 

Segregating  spring  and  winter 

.68 

Wmter 

.89 

Total 

622 

622.0 
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The  following  hypothesis  is  suggested  to  explain  the  observed 
segregation:  Assuming  spring-growth  habit  to  be  dominant  and  two 
factors  necessary  to  explain  the  segregation,  the  early  spring  parent, 
H-44,  may  be  considered  to  have  the  genotype  AABB  and  the 
Minhardi  winter  parent  the  genotype  aabh.  The  Fi  would  be  AaBh 
and  head  as  a  late  spring  wheat.  The  F2  genotypes  and  their  breed- 
ing behavior  in  the  F3  generation  would  be  as  f ollow^s : 


F2  genotype 

Parts  of  16 

Breeding  in  F3  as- 

AABB                    ---   --   _-- 

i 

} 

1 
2 

4 
4 
4 
1 

Early  spring. 

AAhh 

Late  spring. 

aaBB           _         .-. 

AABh          _   _.   - -     --- 

Segregating  spring. 

AaBB ---   --- 

AaBh  -_   --_      - 

Segregating  like  F2. 

Aahh     - 

Segregating  spring  and  winter. 

aaBh                         -        

^Orbh                                        

Winter. 

In  general,  it  seems  that  the  2-factor  hypothesis  here  advanced 
satisfactorily  explains  the  results  obtained,  although  the  writer 
believes  that  such  a  definite  interpretation  might  not  always  hold 
true,  since  expression  of  the  growth-habit  character  is  so  greatly 
i^uenced  by  environment.  It  is  possible  that  in  a  different  season 
or  with  different  dates  of  seeding  the  segregation  might  have  been 
materially  changed.  In  grouping  the  F3  lines  it  was  necessary  to 
keep  constantly  in  mind  the  fact  that  environmental  factors,  such  as 
soil,  moisture,  and  stand,  had  a  considerable  effect  upon  growth 
habit.  In  general,  the  results  obtained  on  growth  habit  agree  with 
the  work  of  Aamodt  (3)  and  of  Vavilov  and  Kouznetsov  {39). 

RELATION  BETWEEN  WINTER  HARDINESS  AND  GROWTH  HABIT 

Since  each  of  the  F3  lines  was  fall  sown  at  Moccasin  and  St.  Paul 
and  spring  sown  at  St.  Paul,  and  all  the  lines  tested  for  hardiness  in 
the  laboratory  were  spring  sown,  it  is  possible  to  determine  the 
relationship  between  growth  habit  and  hardiriess,  as  determined  both 
in  the  field  and  in  the  laboratory. 

IN  THE  FIELD 

The  data  for  hardiness  indexes  are  given  by  growth-habit  groups 
in  Table  15.  Hardiness  data  for  both  St.  Paul  and  Moccasin  and 
the  average  for  the  two  stations  are  given.  The  data  from  each  sta- 
tion and  the  averages  show  the  same  general  relations,  regardless  of 
the  fact  that  killing  was  much  less  severe  at  Moccasin  than  at  St. 
Paul.  The  lines  classed  as  early  spring  had  the  lowest  average  hardi- 
ness indexes,  although  some  of  these  lines  were  more  hardy  than  the 
spring  parent.  The  lines  classed  as  late  spring  were  more  hardy  on 
the  average  than  the  early  spring  lines.  At  St.  Paul  the  lines  classed 
as  segregating  spring  were  less  hardy  on  the  average  than  the  late 
spring  lines,  w^hile  at  Moccasin  the  reverse  was  true.  For  the  average 
of  the  two  stations  the  segregating  spring  and  late  spring  lines  are  not 
significantly  different  as  to  hardiness  indexes.     The  lines  segregating 
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like  F2  were  still  more  hardy,  as  were  the  lines  that  segregated  for  late 
springs  and  winters.  The  lines  classed  as  winter,  while  few  in  num- 
ber, had  the  highest  average  hardiness  indexes.  At  St.  Paul  about 
half  of  the  lines  classed  as  having  winter-growth  habit  were  less  hardy 
than  the  lower  limit  of  Minhardi.  Spring  lines  more  hardy  than  the 
spring  parent  were  obtained.  Some  early  spring  lines  were  obtained 
that  were  as  hardy  as  some  of  the  winter  lines.  The  segregating  lines 
that  contained  some  winter  types  were  more  hardy  than  the  lines 
having  no  winter  types. 

In  Figure  5  the  average  hardiness  indexes  at  St.  Paul  and  Moccasin 
by  growth-habit  classes  are  shown  graphically. 


/y//^r£/z,- 
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Figure  5. — Diagram  showing  the  average  hardiness  indexes  of  F3  lines  of  n-44  and  Minhardi  wheat 
crosses  by  growth-habit  groups 

Table  15. — Relation  between  hardiness  inderes  and  growth  habit  of  parents  and^Ft 
lines  of  H-44  o^nd  Minhardi  wheat  crosses  grown  in  the  field  at  St.  Paul,  Minn. , 
and  at  Moccasin,  Mont.,  in  1929 


Parents  and  F3  lines  by  growth-habit 

Number  of  lines  with  hardiness  index  of— 

Total 
num- 

Mean 

hardiness 

indexes  j 

groups 

0 

5 

15 

26 

35 

45 

65 

66 

76 

86 

96 

ber  of 
lines 

St.  Paul: 

Parents— 
H-44  

14 

1 

1 

15 
89 

40 
68 
145 
174 
159 
33 

16 
90 

41 
67 
145 
172 
153 
31 

40 
67 
144 

172 
153 
31 

0. 3±0. 2 

Minhardi 

1 

1 

10 

37     41. 

88. 3±  .  5 

Fa  lines- 
Early  spring 

'I 

32 

'1- 

16 
22 
44 
35 
10 
1 

7 

12 
12 
23 
34 
13 
1 

2 
12 

17 
12 
9 
1 

7.8±  .7 

Late  spring 

6 
9 
20 
If) 
5 

3 

8 
22 
21 

1 

2 

5 
11 
15 

6 

1 

5 

14 

23 

6 

2 

I 

23 
6 

1  L... 
1  L.„ 

5   L... 

16       8 
4       3 

19. 3±1. 6 

Segregating  spring „ . . 

Segregating  like  F2 7... 

16.  7±1. 1 
29. 1±1.2 

Segregating  spring  and  winter... 
Winter 

5L2=bl.4 
60.  2±2. 7 

Moccasin: 
Parents— 
11-44 

8 

2.3=b  .4 

1 

90 

2 

11 
35 
69 
108 
30 

96.0 

F3  lines- 
Early  spring 

4 
3 
2 

8 
8 
10 

1 

6 
7 
8 
6 

9 
9 
12 
3 

4 
4 
11 
9 

1 

5 
5 

12 
6 
3 

9 
16 
11 

7 

1 
7 
19 
17 
8 

2 
12 
23 
10 

1 
2 

8 
28 
16 

1 

28. 7±2. 7 

Late  spring    

45. 5^:2. 6 

Segregating  spring 

58.  Oil.  7 

Segregating  like  Fj 

76. 2±1. 2 

Segregating  spring  and  winter 

87. 9±  .7 

Winter 

94.  7d:  .2 

Average  for  both  stations: 
F3  lines- 
Early  spring 

2 

13 
9 
9 

1 

12 
13 
18 

7 

1 

4 
14 
23 

9 

5 
10 
31 
21 

3 

3 
5 

28 
36 
14 

1 

7 

22 

34 

28 

1 

17.8±1.5 

Late  spring 

4 

6 
34 
25 

6 

3 
4 

19 
27 

7 

2 
2 
8 
38 
12 

.... 

3 
17 
6 

32.9±1.8 

Segregating  spring 

37.6dbl.O 

Segregating  like  Fj 

63.3d:  .9 

Segregating  spring  and  winter 

70. 5±  .9 

Winter 

80.6±1.3 
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IN  THE  LABORATORY 

The  relation  between  the  percentage  of  plants  alive  30  days  after 
freezing  and  growth  habit  is  shown  in  Table  16.  As  in  the  field,  the 
average  resistance  to  cold  is  in  direct  relation  to  lateness  of  heading 
or  to  the  percentage  of  winter-habit  plants  in  the  class.  The  early 
heading  group,  however,  contains  some  lines  with  greater  resistance  to 
cold  than  the  H-44  parent.  The  winter-habit  lines  gave  the  highest 
average  survival  of  any  of  the  growth-habit  groups,  although  the 
difference  between  the  winter  group  and  the  segregating  spring  and 
winter  group  is  not  significant  in  the  light  of  its  probable  error. 

It  would  have  been  desirable  to  test  a  larger  number  of  early 
spring  and  winter  lines,  but  when  the  laboratory  experiments  were 
made  information  on  growth  habit  was  not  available  and  of  necessity 
the  selection  of  lines  was  entirely  at  random. 

Both  field  and  laboratory  data  show  a  relation  between  growth 
habit  and  winter  hardiness.  It  is  possible  that  a  factor  or  factors 
responsible  for  winter-growth  habit  also  may  be  responsible  for 
resistance  to  cold.  It  also  is  possible  that  factors  for  growth  habit 
and  factors  for  resistance  to  cold  are  linked.  This  linkage,  if  present, 
is  not  complete,  or  it  would  be  impossible  to  obtain  spring  lines  more 
hardy  than  the  spring  parent  or  winter  lines  less  hardy  than  the 
winter  parent.  Because  of  the  complicated  nature  of  resistance  to 
cold  it  would  seem  that  many  factors  are  involved  in  the  expression 
of  this  character,  and  undoubtedly  factors  other  than  those  having  to 
do  with  growth  habit  are  concerned. 

The  relationship  of  hardiness  and  growth  habit  also  is  of  some 
importance  with  spring  wheat.  The  production  of  hardy  wheats 
having  a  spring-growth  habit  should  be  of  considerable  economic 
importance  in  extending  wheat  production  into  higher  latitudes  or 
altitudes.  In  practice  the  extreme  recombinations  are  probably 
lost  in  large  part,  since  spring  wheats  wall  not  survive  severe  winters 
such  as  are  encountered  in  Minnesota;  and  the  tender  winter  segre- 
gates are  lost,  since  they  do  not  head  from  spring  seeding  and  are  not 
able  to  withstand  the  severe  winters. 

STEM-RUST  REACTION 

One  of  the  important  phases  of  the  present  study  is  the  reaction  of 
the  hybrid  lines  to  black-stem  rust,  Puccinia  graminis  tritici.  Studies 
were  conducted  in  the  greenhouse  on  F3  lines  only  and  in  the  field 
on  all  the  material  growing  at  St.  Paul.  The  field  studies  did  not 
cover  a  true  random  sample  of  the  hybrid  population,  since  many 
plants  and  lines  were  lost  from  winterkilling  in  fall-sown  material, 
and  some  spring-sown  lines  and  plants  failed  to  head  and  rust  notes 
could  not  be  obtained. 

FIELD  STUDIES 

When  grown  in  the  field,  H-44  shows  a  high  degree  of  resistance  to 
stem  rust,  while  Minhardi  is  very  susceptible.  The  field-rust  notes 
were  taken  about  one  week  before  the  plants  were  ripe,  and  are 
designated  as  the  mature-plant  reaction.  In  taking  notes  the  plants 
were  classed  in  three  rust-reaction  groups — resistant,  semiresistant, 
and  susceptible.  Plants  that  showed  little  or  no  rust  were  called 
resistant,  those  heavily  rusted  were  classed  as  susceptible,  and  the 
plants  having  an  intermediate  infection  were  classed  as  semiresistant. 
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SPRING-SOWN    MATERIAL 


The  H-44  parent  grown  in  rows  adjacent  to  Fi  and  F2  plants  was- 
classed  as  resistant.  (Table  17.)  None  of  the  Minhardi  plants 
headed  and  no  rust  data  were  taken  on  them. 


Table  17. 


-Rust  reaction  of  Fi  and  F2  plants  of  H-44  ^nd  Minhardi  wheat  crosses 
and  the  H-44  pcL^ent  grown  from  spring  sowing 


Number  of  plants 

Variety  or  cross 

Resistant 

Semiresist- 
ant 

Suscepti- 
ble 

Total 

Parent:  H-44 .— 

267 

267 

Hybrids: 

H-44  X  Minhardi  Fi 

2 
3 

2 

Minhardi  X  H-44  Fi 

3 

H-44  X  Minhardi  F2 

39 

49 

109 
94 

55 
51 

20a 

Minhardi  X  H-44  F2                                  

194 

Total  F2  hybrids       

88 

203 

106 

397 

Five  Fi  plants  were  grown  from  spring  sowing,  and  these  were  all 
classed  as  semiresistant  or  intermediate  in  rust  reaction.  Rust  notes 
were  obtained  on  a  small  F2  population  of  397  plants.  The  88  resist- 
ant, 203  semiresistant,  and  106  susceptible  plants  approach  a  theo- 
retical 1:2:1  ratio.  Comparing  these  data  with  those  calculated  on 
a  1:2:1  ratio  by  the  x^  method  (Table  18),  the  value  P  =  0.41  indi- 
cates that  41  times  in  100  trials  a  worse  result  would  be  expected, 
owing  to  chance  alone. 

Table  18. — Goodness-of-fit  to  a  1:2:1  ratio  for  rust  reaction  of  F2  generation  of 
H-44  ^'^d  Minhardi  wheat  crosses  grown  from  spring  sowing 


Class 

Observed 

Calculated 

0-C 

c 

Resistant      .                   ....            .           

Number 
88 
203 
106 

Number 
99.25 
198. 50 
99.25 

-11.25 
4.50 
6.75 

1.28 

Semiresistant 

.10 

Susceptible  .. -                         -      

.46 

Total 

397 

397. 00 

"" 

x2=1.84.     P=0.41. 

A  summary  of  the  data  from  the  spring-sown  F3  lines  is  shown  in 
Table  19.  The  F3  plants  were  described  as  resistant,  semiresistant, 
and  susceptible,  and  the  lines  later  were  classed  as  to  breeding  behavior 
into  the  six  breeding  groups  shown  in  the  table.  The  rust  epidemic 
was  fairly  heavy  in  some  parts  of  the  nursery,  while  in  other  parts 
the  infection  was  much  lighter.  Since  the  F3  families  were  grown 
only  in  single  rows,  it  is  possible  that  the  true  rust  reaction  of  some 
families  was  not  obtained. 
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Table  19.— Rust  reaction  of  the  parent  H-44  and  of  589  Ft  lines  of  H-44  and 
Minhardi  wheat  crosses  grown  from  spring  sowing 

Number  of  lines  having  breeding  behavior  of— 

Variety  or  cross 

Resist- 
ant 

Semire- 
sistant 

Segregating 

Total 
number 

Resistant  to 
semiresist- 
ant 

Resistant  to 
susceptible 

Seraircsist- 
ant  to  sus- 
ceptible 

Suscep- 
tible 

of  lines 

Parent:  H-44 

•  94 

94 

Hybrids: 

H-44  X  Minhardi  Fa 

Minhardi  X  H-44  Fj 

11 

2 

1 

27 
16 

122 
174 

10 
5 

43 

25 

276 
313 

Total  F3  lines             .  .. 

164 

3 

43 

296 

15               68 

589 

The  data  in  Table  19  do  not  indicate  a  simple  single-factor  inheri- 
tance, because  in  the  extreme  classes  there  are  too  few  susceptible 
and  too  many  resistant  lines,  and  also  because  three  families  bred 
true  for  semiresistance.  There  were  segregating  lines  containing  only 
resistant  and  semiresistant  plants  and  others  containing  only  semi- 
resistant  and  susceptible  plants.  It  is  impossible,  therefore,  to  explain 
these  data  on  the  basis  of  a  single  genetic  factor  difference  between 
the  resistant  and  susceptible  parents. 

FALL-SOWN  MATERIAL  * 

Rust  data  were  taken  on  the  few  F2  plants  of  the  Minhardi  X 
H-44  cross  that  survived  the  winter  at  St.  Paul,  and  these  are  given 
in  Table  20.  The  Minhardi  plants,  which  were  grown  in  rows 
adjacent  to  the  F2  material,  were  all  classed  as  susceptible.  Of  the 
159  F2  plants,  90  were  resistant,  35  semiresistant,  and  34  were  sus- 
ceptible. Combining  the  resistant  and  semiresistant  against  the 
susceptible  plants,  the  numbers  are  125  to  34.  The  deviation  from 
a  calculated  3 :  1  ratio  is  5.75  ±2.24,  indicating  a  very  good  fit,  although 
for  a  single-factor  explanation  to  be  tenable  there  should  be  no  more 
resistant  than  susceptible  plants. 

Table  20. — Rust  reaction  of  the  parent  Minhardi  and  of  159  F2  plants  of  the  Min- 
hardi X  H-44  cross  grown  from  fall  sowing 


Variety  or  cross 

Number  of  plants  having  reaction 
class  of— 

Total  num- 
ber of 
plants 

Resistant 

Semh^Ist- 
ant 

Susceptible 

Minhardi 

109 
34 

loe 

Minhardi  X  n-44  F2     

90 

35 

iw 

The  rust  data  from  the  F3  material  are  summarized  in  Table  21. 
In  a  total  of  492  F3  families,  100  were  classed  as  susceptible,  suggesting 
an  approach  to  one-fourth  of  the  lines.  However,  there  were  25  Fs 
families  that  bred  true  for  semiresistance,  74  families  that  segregated 
for  resistant  and  semiresistant  plants,  and  44  families  that  segregated 
for  semiresistant  and  susceptible  plants  only.  A  single  factor  does 
not  explain  this  segregation,  for  it  could  not  account  for  the  lines 
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breeding  true  for  semiresistance  and  those  segregating  for  only  two 
of  the  three  classes. 

Table  21. — Rust  reaction  of  the  parent  Minhardi  and  of  492  Fz  lines  of  H-44  0''^d 
Minhardi  wheat  crosses  grown  from  fall  sowing 


Number  of  Fs  lines  having  breeding  behavior  of— 

Variety  or  cross 

Resist- 
ant 

Semi- 
resist- 
ant 

Segregating 

Suscep- 
tible 

Total 
number 

Resistant 
to  semi- 
resistant 

Resistant 
to  suscep- 
tible 

Semire- 
sistant  to 
susceptible 

of  lines 

Parent*  ^linhardi 

] 

89 

89 

1    - 

' -..-    . 

Hybrids: 

H-44  X  Minhardi     

37 
50 

13 
12 

1 
36  1                  77 
38  1                 85 

22 
22 

46 

54 

231 

Minhardi  X  H-44 

261 

Total  Fs  lines 

87 

25 

74  1                162 

44 

100 

492 

A  single-factor  segregation  is  suggested  by  the  data  obtained  from 
the  F2  grown  from  spring  sowing  and  also  from  the  number  of  sus- 
ceptible plants  from  the  fall-sown  F2.  In  the  F3  generation  from  both 
fall  and  spring  seeding,  how^ever,  lines  were  obtained  which  so  behave 
that  a  single-factor  explanation  is  inadequate. 

RELATION  BETWEEN  RUST  REACTION   OF  FALL-SOWN  AND  SPRING-SOWN  MATERIAL 

Since  all  the  F3  lines  were  grown  at  St.  Paul  from.both  fall  and  spring 
seeding,  it  is  possible  to  compare  the  rust  reaction  of  a  line  w^hen  fall 
sown  with  the  reaction  of  the  same  line  when  sown  in  the  spring. 
Plants  of  466  F3  families  headed  from  both  fall  and  spring  seeding, 
and  the  rust  reactions  of  these  lines  are  shown  in  Table  22.  While 
there  w^as  some  correlation  betw^een  the  rust  reaction  of  a  line  when  fall 
sown  and  when  spring  sown,  the  correlation  was  not  absolute.  For 
example,  of  the  86  families  that  were  classed  as  resistant  in  the  fall- 
sown  nursery,  only  45  were  also  resistant  when  spring  sow^n,  3  being 
susceptible  and  the  remainder  segregating  in  various  ways.  There 
were  94  F3  families  that  were  susceptible  when  fall  sow^n,  and  of  these 
32  were  susceptible  when  spring  sown  and  8  were  resistant,  1  semi- 
resistant,  and  53  segregated  in  various  ways. 

Table  22. — Comparison  of  the  rust  reaction  of  F3  lines  of  H-44  and  Minhardi 
wheat  crosses  grown  from  fall  and  spring  sowing 


Number  of  lines  having  rust  reaction  of  lines  when  spruig  sown— 

Rust  reaction  of  lines  when 
fall  sown 

Resist- 
ant 

- 
Semi- 
resist- 
ant 

Segregating 

Suscep- 
tible 

Total 
number 

Resistant 
to  semi- 
resistant 

Resistant 
to  suscep- 
tible 

Semire- 
sistant to 
susceptible 

of  lines 

Resistant 

45 
4 
40 
34 
4 
8 

6 

1 
6 
19 
1 
3 

30 
17 
26 
86 
24 
45 

2 

2 

3 

86 

1 

25 

72 

4 

7 
9 
32 

150 

Semiresistant  to  susceptible. .. 
Susceptible 

1 
-     1 

39 

5 

94 

Total 

135 

3 

36 

228 

13 

51 

466 
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The  exact  cause  for  the  difference  in  behavior  is  not  known,  al- 
though there  are  several  possible  explanations.  Since  the  nurseries 
were  about  a  mile  apart,  it  is  possible  that  different  physiologic  forms 
of  stem  rust  were  present,  although  the  epidemic  was  first  started  in 
the  guard  rows  surrounding  the  fall -sown  nursery,  and  inoculum  from 
these  rows  was  used  in  starting  the  epidemic  on  the  spring-sown  ma- 
terial. It  is  possible  that  different  genetic  factors  are  involved.  The 
same  factor  or  factors  that  control  rust  reaction  when  the  plants  are 
spring  sown  may  partly  control  the  reaction  when  they  are  fall  sown. 
In  addition  to  the  main  factor  or  factors,  however,  there  may  be 
additional  factors  of  minor  importance  which  operate  when  the 
material  is  grown  over  a  longer  period  from  fall  sowing.  It  also  might 
be  possible  that  factors  for  rust  reaction  are  linked  with  factors  for 
growth  habit.  The  fact  that  in  the  spring-sown  material  there  were 
proportionately  more  resistant  F3  lines  and  in  fall-sown  material 
more  susceptible  lines  would  tend  to  support  such  a  conclusion.  How- 
ever, when  the  rust  data  from  both  fall-sown  and  spring-sown  ma- 
terial were  recorded  by  growth-habit  classes  there  was  little  or  no 
indication  of  any  gradual  change  in  rust  reaction  as  the  groups 
changed  from  spring  to  winter  growth  habit. 

Because  of  the  nature  of  the  material,  a  complete  study  could  not 
be  made.  The  data  cover  only  a  part  of  the  population,  since  the 
less  hardy  lines  were  eliminated  from  the  fall-sown  nursery  by  winter- 
killing, and  the  winter  types  were  eliminated  from  the  spring-sown 
nursery  by  their  failure  to  head.  Rust  readings  could  not  be  obtained 
for  the  F3  lines  thus  eliminated,  and  even  for  many  of  the  lines  on 
which  data  were  taken  the  numbers  of  plants  surviving  the  winter  or 
heading  from  spring  seeding  were  probably  too  small  to  give  a  true 
picture  of  breeding  behavior.  In  disease  reaction  two  organisms,  the 
plant  and  the  pathogene,  are  involved,  both  of  which  are  influenced  by 
environment.  In  this  particular  case  the  inadequacy  of  the  material 
due  to  environmental  effects  and  the  complicated  nature  of  the 
character  involved  certainly  justify  no  definite  conclusions. 

LABORATORY  STUDIES 

Rust  studies,  using  known  forms  of  rust,  were  made  in  the  green- 
house on  seedling  plants  of  parents  and  F3  hybrid  lines.  For  this 
study  stem-rust  forms  36  and  60  were  used.  The  methods  of  con- 
ducting such  greenhouse  seedling  rust  tests  and  the  taking  of  data 
have  been  described  {1,  21). 

REACTION    TO    FORM   60 

In  the  seedling  stage  H-44  is  highly  resistant  to  form  60.  A  total 
of  972  plants  of  H-44  were  infected  with  form  60,  and  of  these  933 
were  classed  as  type  1  in  reaction  and  39  as  type  2,  both  being  resist- 
ant reactions.  Minhardi,  on  the  other  hand,  was  very  susceptible  to 
this  form  of  rust.  A  total  of  980  plants  were  infected,  all  of  which 
had  a  type  4  or  susceptible  reaction.    (PI.  3.) 

The  data  from  the  greenhouse  studies  with  form  60  are  shown  in 
Table  23.  In  all,  264  F3  lines  of  H-44  X  Minhardi  and  216  Fj  lines 
of  Minhardi  X  H-44  were  grown.  Since  the  reaction  was  very  dis- 
tinct, it  was  comparatively  easy  to  separate  the  Fs  lines  into  three 
breeding  groups — resistant,  segregating,  and  susceptible.     (PI.  3.) 
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Seedling  Reaction  in  the  Greenhouse  to  rust  form  60 

Parents:  A,  11-44  resistant,  and  B,  Minhardi,  susceptible.    F3  lines  of  11-44  and  Minhardi  wheat 
crosses:  C,  Resistant,  D,  segregating,  and  E,  susceptible. 
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The  number  of  families  falling  into  each  group  were  114,  265,  and 
101,  respectively.  These  are  compared  in  Table  24  with  a  similar 
total  calculated  on  a  1:2:1  ratio,  using  the  goodness-of-fit  method. 
The  value  of  P  =  0.05  indicates  that  only  5  times  in  100  trials  would  a 
result  as  bad  or  worse  be  expected  due  to  chance  alone.  The  poor  fit 
is  due  chiefly  to  the  fact  that  there  were  too  few  susceptible  and  too 
many  segregating  lines  recovered.  Although  the  agreement  between 
the  observed  and  the  calculated  ratios  is  not  good,  the  writer  believes 
that  a  single-factor  difference  is  largely  responsible  for  the  results, 
since  only  one  type  of  segregation  was  observed  in  the  heterozygous 
lines. 


Table  23. — Reaction  to  stem  rust  form  60  of  parents  and  480  F3 
Minhardi  wheat  crosses  grown  in  the  greenhouse 


of  H-44  o,nd 


Variety  and  cross 

Number  of  lines  having  reaction  of— 

Total 

number  of 

lines 

Resistant 

Segregating 

Susceptible 

Parents: 
H-44    . 

24 

24 

24 

24r 

Hybrids: 

H-44  X  Minhardi  F3                                     

63 
51 

145 
120 

56 
45 

264 

Minhardi  X  H-44  F3 

216 

Total  Fs  lines 

114 

265 

101 

480- 

Table  24. — Reaction  to  stem  rust  form  60  of  480  F3  lines  of  H-44  o,nd  Minhardi 
wheat  crosses,  compared  with  a  calculated  1:2:1  ratio  by  the  goodness-of-flt  method 


Breeding  groups 

Number  of  lines 

0-C 

(0-Oi 

Obtained 

Calculated 

C 

Resistant 

114 
265 
101 

120 
240 
120 

-6 

25 

-19 

o.m 

Segregating. 

2.6a 

Susceptible 

3.01 

Total 

480 

480 

X2=5.91.     P=0.05. 

Some  variation  was  observed  in  the  expression  of  resistance  to 
form  60  in  the  seedling  stage.  It  was  pointed  out  that  the  reaction 
of  H-44  was  mostly  type  1,  with  some  type  2.  A  majority  of  the  pots 
of  H-44  had  all  plants  classed  as  type  1.  Among  the  114  resistant 
hybrid  lines,  10  lines  had  all  plants  classed  as  having  type  1  reaction. 
Fifty-seven  lines  had  more  type  1  than  type  2  plants,  47  lines  had  more 
type  2  than  type  1  plants,  and  1  line  was  classed  as  all  type  2. 

In  the  rust  tests  one  pot  of  each  line  was  run  at  one  time  and  a 
second  pot  later,  in  order  to  check  certain  inconsistencies.  The  lines 
giving  both  type  1  and  type  2  reaction  were  separated  into  two 
groups — those  giving  the  same  reading  both  times  and  those  giving 
reversed  readings  in  the  two  tests.  If  a  line  had  more  type  2  than 
type  1  plants  both  times,  it  was  placed  in  the  first  group;  but  if  in  the 
first  test  there  were  more  type  2  than  type  1  plants  and  in  the  second 
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test  more  type  1  than  type  2,  the  line  was  put  in  the  second  group. 
Of  the  113  lines  giving  types  1  and  2,  39  showed  reversed  reaction  m 
the  two  trials.  This  indicates  that  while  minor  factors  may  have 
been  operating  in  the  resistant  lines,  environmental  fluctuation  was 
so  great  as  to  make  a  study  of  these  minor  factors  impossible. 

REACTION    TO    FORM   36 

A  second  experiment  was  conducted  on  150  hybrid  lines  to  deter- 
mine their  reaction  to  form  36.  The  parental  reaction  to  this  form 
was  identical  with  that  for  form  60,  H-44  being  resistant,  mostly 
type  1  with  a  few  type  2  plants,  and  Minhardi  susceptible.  The 
hybrid  lines  were  chosen  on  the  basis  of  their  reaction  to  form  60. 
Sixty  lines  resistant  to  form  60,  60  susceptible  lines,  and  30  segregating 
lines  were  selected.  In  all  cases  reaction  was  the  same  as  for  form  60, 
indicating  that  the  same  genetic  factor  or  factors  control  the  seedling 
reaction  to  these  two  forms  of  rust  in  the  greenhouse. 

RELATION  BETWEEN  SEEDUNG  AND  MATURE-PLANT  REACTION 

To  be  of  practical  value,  seedling-rust  reaction  in  the  greenhouse 
must  give  an  indication  of  the  mature-plant  reaction  in  the  field. 
The  greenhouse  seedling  reactions  of  459  F3  lines  are  compared  with 
the  field  reaction  of  the  same  lines  grown  from  spring  sowing.  (Table 
25.)  Of  the  105  lines  which  were  resistant  in  the  greenhouse,  only  42 
were  resistant  when  grown  in  the  field,  and  7  of  the  lines  bred  true  for 
susceptibility.  More  than  half  of  the  257  lines  segregating  in  the 
greenhouse  also  segregated  in  the  field,  65  were  resistant  and  18  sus- 
ceptible. There  were  97  susceptible  lines  in  the  greenhouse,  and  of 
these  12  proved  to  be  resistant  and  31  susceptible  in  the  field.  There 
was  some  relationship  between  the  greenhouse  and  the  field  reactions. 
It  would  seem  that  the  factors  or  group  of  factors  that  control  seedling- 
rust  reaction  only  partly  control  the  reaction  of  the  plants  in  the 
mature  stage.  In  addition  there  are  other  independent  factors  con- 
trolling the  mature-plant  reaction. 

Table  25. — Seedling-rust  reaction  in  the  greenhouse  of  4^9  F3  lines  of  H-44  <ind 
Minhardi  wheat  crosses  compared  with  the  mature-plant  field  reaction  of  the  same 
lines  when  spring  sown 


Number  of  lines  having  maturo-plant  field  reaction  of— 

Groenhouso  seedling  reaction 

Resist- 
ant 

Semi- 
resist- 
ant 

Segregating 

Suscep- 
tible 

Total 
num« 
berof 
lines 

Semiresist- 

ant  to 
resistant 

Resistant 
to  sus- 
ceptible 

Semiresist- 
ant  to  sus- 
ceptible 

Resistant _ 

42 
65 
12 

2 

16 

20 

6 

37 
146 
45 

1 
9 

4 

7 
18 
31 

105 

Segregating 

257 

97 

Total 

119 

2 

41 

227 

14 

M 

459 

Comparing  the  greenhouse-seedling  reaction  with  the  mature-plant 
field  reaction  of  the  F3  lines  grown  from  fall  seeding  (Table  26),  there 
is  less  correlation  than  for  the  spring-sown  field  material.  Of  the 
84  lines  classed  as  resistant  in  the  greenhouse,  15  were  resistant  and 
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10  susceptible  in  the  field.     Among  the  87  lines  that  were  susceptible 
in  the  greenhouse,  11  were  resistant  in  the  field  and  26  were  susceptible. 

Table  26. — Seedling-rust  reaction  in  the  greenhouse  of  380  Fz  lines  of  H~44  cmd 
Minhardi  wheat  crosses  compared  with  the  mature-plant  field  reaction  of  the 
same  lines  when  fall  sown 


Number  of  lines  having  mature-plant  field  reaction  of— 

Greenhouse-seedling  reaction 

Resist- 
ant 

Semire- 
sistant 

Segregating 

Suscep- 
tible 

Total 
num- 
ber of 
lines 

Resistant 

to  semire- 

sistant 

Resistant 
to  suscep- 
tible 

Semiresist- 

antto 
susceptible 

Resistant - 

15 
37 
11 

7 
9 
6 

16 
27 
10 

25 

77 
27 

11 
21 

7 

10 

38 
26 

84 

Seereeating               .  

209 

87 

Total                         -  - 

63 

22 

53 

129 

39 

74 

380 

Here  again  the  data  indicate  the  presence  of  additional  factors 
for  mature-plant  reaction  in  the  field.  It  would  seem  that  in  this 
case  the  additional  factors  have  as  much  influence  on  rust  reaction 
in  the  field  as  the  factor  for  controlling  seedling  reaction.  It  is 
hardly  possible  to  explain  the  results  on  the  basis  of  two  independent 
factors,  for  the  reason  that  a  single  factor  will  not  explain  the  results 
obtained  in  the  field.  Additional  factors  would  have  to  be  assumed 
for  a  complete  explanation. 

The  conclusion  that  different  factors  control  the  reaction  of  the 
seedlings  in  the  greenhouse  and  the  mature  plants  in  the  field  is  in 
agreement  with  the  work  of  Hayes  and  Aamodt  (17)  and  Goulden, 
Neatby,  and  Welsh  {15). 

HEADING  PERIOD 

It  was  impossible  to  make  a  careful  study  of  the  time  of  heading 
in  the  fall-sown  material,  as  many  plants  winterkilled.  Early  head- 
ing is  an  important  character  in  winter  wheat,  however,  and  notes 
were  taken  to  determine  whether  some  of  the  hybrids  were  as  early 
as  or  earlier  than  Minhardi  in  time  of  heading.  A  single  date  was 
recorded  for  each  row,  being  the  date  when  heading  was  general  in 
the  row.     The  data  from  the  two  stations  are  presented  in  Table  27. 

In  the  material  grown  at  St.  Paul  the  Minhardi  checki'ows  headed 
from  June  17  to  June  24,  with  most  of  the  rows  heading  between 
June  18  and  June  21.  Among  the  hybrids,  heading  started  June  14 
and  continued  until  June  28.  The  mode  and  mean  dates  of  heading 
of  the  hybrids  are  earlier  than  for  the  Minhardi  parent.  Of  the 
surviving  lines,  18.5  per  cent  headed  before  the  earliest  date  for 
Minhardi,  and  2.6  per  cent  after  the  latest  date  for  Minhardi. 

In  Montana,  Minhardi  headed  from  June  22  to  June  28,  most  of  the 
rows  heading  between  June  25  and  June  27.  The  hybrid  lines  started 
heading  on  June  16  and  continued  until  June  30.  A  total  of  65.6 
per  cent  of  the  hybrid  lines  headed  before  the  earliest  row  of  the 
Minhardi,  and  only  1.3  per  cent  of  the  hybrid  lines  headed  later  than 
the  latest  Minhardi  row. 
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Many  more  hybrid  lines  were  earlier  than  Minhardi  at  Moccasin 
"than  at  St.  Paul.  There  may  be  at  least  two  explanations  for  this 
l^ehavior.  At  Moccasin  killing  was  less  severe  and  more  spring- 
growth  habit  types  may  have  survived,  these  types  tending  to  head 
•earlier.  It  is  known  that  under  different  environments  varieties  of 
wheat  may  head  at  relatively  different  periods,  and  it  is  possible  that 
Minhardi  heads  relatively  later  at  Moccasin  than  at  St.  Paul,  thus 
giving  a  different  standard  of  comparison. 

The  date  of  heading  at  St.  Paul  was  correlated  with  the  date  of 
heading  at  Moccasin  for  476  F3  lines  heading  at  both  places.  The 
•coefficient  r= +0.468  ±  0.024  shows  a  tendency  for  the  lines  to  react 
the  same  for  date  of  heading  at  both  stations.  This  correlation 
between  date  of  heading  for  the  hybrid  lines  grown  at  the  two  sta- 
tions is  slightly  higher  than  that  for  winter  hardiness  at  the  two 
places,  the  latter  correlation  being  +0.416  ±0.023. 

COLOR  OF  COLEOPTILE 

As  the  young  wheat  plant  emerges  from  the  soil  its  first  foliage 
leaf  is  inclosed  in  the  plumule  sheath  or  col eop tile.  Near  the  tip 
there  is  a  slit  through  which  the  foliage  leaf  emerges.  Percival  (32) 
lias  described  the  coleoptile  in  some  forms  of  wheat  as  pale  green  or 
colorless,  while  in  others  it  is  pink. 

The  coleoptiles  of  H-44  plants  when  emerging  from  the  soil  in  the 
greenhouse  have  a  rather  distinct  purple  color.  This  color  persists 
after  the  foliage  leaves  grow  out  of  the  coleoptile,  and  in  some  cases 
the  base  of  the  first  leaf  shows  the  purplish  tinge.  Minhardi,  on  the 
other  hand,  has  a  light-green  coleoptile.  In  growing  the  hybrid 
plants  for  the  laboratory  freezing  tests  and  for  the  greenhouse  rust 
studies  it  was  possible  to  obtain  data  on  the  color  of  the  coleoptile  of 
the  parents  and  hybrids.  The  number  of  plants  available  for  study 
in  each  of  the  hybrid  lines  varied  from  12  to  nearly  100,  and  in  addi- 
tion a  large  number  of  parent  plants  were  classified.  All  the  studies 
were  made  on  F3  material,  but  since  the  lines  were  selected  at  random, 
they  probably  are  more  accurate  than  if  made  on  F2  material  only. 

The  development  of  coleoptile  color  proved  to  be  extremely  vari- 
able, apparently  being  considerably  influenced  by  temperature  and 
sunlight  at  the  time  of  germination  and  emergence.  Since  pots  of 
the  same  lines  were  grown  at  several  different  times,  it  was  possible 
to  obtain  data  that  revealed  the  variability  of  the  character  under 
varying  conditions.  All  the  data  for  a  given  F3  line  were  combined 
to  determine  its  breeding  behavior. 

The  plants  were  described  and  grouped  in  three  classes — dark 
purple,  light  purple,  and  green.  The  plants  of  H-44  were  classed  as 
dark  purple  and  light  purple,  there  being  1,703  dark  purple  and  288 
light  purple.  Minhardi  plants,  of  which  2,203  were  grown,  were  all 
classed  as  green.  Out  of  480  F3  hybrid  lines,  33  proved  to  be  homo- 
zygous for  green.  The  ratio  of  447:33  deviates  from  a  calculated 
15:  1  ratio  by  3.0  +  3.58. 

Although  the  expression  of  the  purple  color  was  somewhat  variable, 
making  classification  difficult,  the  F3  lines  were  classed  into  six  groups, 
as  shown  in  Table  28.  The  observed  numbers  are  compared  with 
calculated  numbers  based  on  a  2-factor  difference.  Observed  and 
calculated  data  do  not  agree  very  well,  the  goodness-of-fit  test  giving 
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a  value  of  P  =  0.09,  indicating  that  9  times  in  100  trials  a  result  as 
bad  or  worse  would  be  expected  from  chance  alone.  The  high  x' 
and  low  P  values  are  caused  by  wide  deviations  in  the  true  dark- 
purple  and  true  light-purple  groups  and  in  the  groups  segregating  for 
light  purple  and  green.  It  is  believed  that  these  discrepancies  were 
caused  by  difficulties  of  classification  incident  to  the  variable  expres- 
sion of  the  purple  color.  The  homozygous  green  lines  were  distinct, 
and  the  expression  of  the  green  color  was  uniform,  so  it  is  believed 
that  this  group  was  properly  classified.  On  this  basis  it  seems  evi- 
dent that  at  least  two  genetic  factors  are  needed  to  explain  the  results. 

Table  28. — Breeding  behavior  for  coleoptile  color  of  480  Fz  lines  of  H-44  and 
Minhardi  wheat  crosses  compared  with  a  calculated  genotypic  1 :2 :4'-  4' 4-  i  ratio 
by  the  goodness-of-flt  method 


Breeding  behavior  for  coleoptile  color 

Number  of  lines 

0-C 

(0-O» 

Observed 

Calculated 

c 

True  dark  purple 

21 
60 
109 
127 
140 
33 

30 
60 
120 
120 
120 
30 

-9 

-10 

-11 

7 

20 
3 

2.70 

True  light  purple 

1  67 

Segregating  dark  purple  to  light  purple 

1.01 

Segregating  dark  purple  to  green _ 

.41 

Segregating  light  purple  to  green 

3.33 

True  green    .  . 

.30 

Total 

480 

480 

X«'=9.42.    P=x0.09. 


The  following  hypothesis  is  presented.  Assuming  as  present  in 
H-44  two  duplicate  dominant  factors,  cumulative  in  effect  for  dark- 
purple  coleoptile  (P1P1P2P2),  and  as  present  in  Minhardi  the  recessive 
allelomorphs  piPi  P2P2  causing  green  coleoptile  color,  the  Fi  would  be 
PiPi  P2P2,  while  the  F2  genotypes  and  F3  breeding  behavior  would  be 
as  follows: 


Fa  genotype 

Parts  of 
16 

Fi  breeding  behavior 

P.PiPaP, 

P1P1P2P2 

PiP,  P2P2 

PiPi  P2P2 

P,p,  P2P2 

P.P,P2P2 

P1P1P2P2 

P1P1P2P2 

PlPl   P2P2 

1 

!  ' 

I        ^ 
4 

}       ^ 

1 

True  for  dark  purple. 
True  for  light  purple. 

Segregating  for  dark  purple  and  light  purple. 
Segregating  for  dark  purple,  light  purple,  and  green. 
Segregating  for  light  purple  and  green. 
True  for  green. 

This  hypothesis  gives  the  genotypic  1:2:4:4:4:1  ratio  used  in  Table 
28.  The  discrepancies  between  observed  and  calculated  data  have 
been  previously  explained  as  probably  due  to  difficulties  of  classifica- 
tion due  to  the  variable  expression  of  the  purple  color.  A  2-f actor 
hypothesis,  therefore,  seems  to  give  an  adequate  explanation  of  the 
segregation  observed.  These  results  are  in  agreement  with  those 
obtained  by  Goulden,  Neatby,  and  Welsh  {16)  in  an  H-44  X  Marquis 


cross. 
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AWNEDNESS 

The  H-44  parent  is  awned,  while  Minhardi  is  classed  as  awnless, 
although  there  are  short  awnlets  at  the  tip  of  the  spike.  The  Fi 
hybrid  of  this  cross  had  slightly  longer  awnlets  than  the  Minhardi 
parent.  The  F2  plants  were,  therefore,  described  in  three  classes — 
awnleted  like  Minhardi,  strongly  awnleted  like  Fi,  and  awned  like 
H-44. 

The  data  from  F2  plants  obtained  at  Davis,  Calif.,  in  1928  and  at 
St.  Paul  in  1929  are  given  in  Table  29.  The  Davis  material  was  a 
true  random  sample,  there  being  no  elimination  due  to  winterkilling 
or  to  plants  failing  to  head.  In  this  population  there  were  501 
awnleted  and  strongly  awnleted  to  122  awned.  The  wide  deviation 
from  a  3:1  ratio,  33.75 ±7.29,  was  caused  by  a  deficiency  of  awned 
plants.  Inspection  of  the  data  shows  that  the  separa-tion  of  the  Fz- 
material  into  homozygous  awnleted  and  heterozygous  or  strongly 
awnleted  classes  also  was  not  good,  as  too  many  were  classed  as 
awnleted. 

Table  29. — Segregation  for  awn  development  of  F2  plants  of  H-44  0,1^^  Minhardi 

wheat  crosses 


Number  of  plants 

Cross 

Awnleted 

Strongly 
awnleted 

Awned 

Total 

Davis,  Calif.,  1927-28: 

H-44  X  Minhardi           

94 
106 

146 
155 

53 
69 

293 

Minhardi  X  H-44 

33a 

Total  F2                                                  

200 

301  i               122 

623 

St.  Paul,  Minn.,  1929  (spring  sown): 

H-44  X  Minhardi 

57 
45 

1 
96  1                 50 
107  '■                 42 

203 

Minhardi  X  H-44 

194 

Total  F2. 

102 

203                    92 

397 

The  F2  material  grown  at  St.  Paul  was  not  a  true  random  sample,, 
because  the  winter  plants  failed  to  head.  In  this  material  there 
were  305  awnleted  to  92  awned,  which  deviated  7  ±5.82  from  a  caK 
culated  3:1  ratio.  In  this  case  the  observed  and  calculated  ratios 
agree  reasonably  well. 

Data  on  breeding  behavior  for  awn  development  were  taken  on  all 
F3  hybrid  lines.  This  made  possible  a  comparison  of  the  F2  classifi- 
cation with  the  F3  breeding  behavior  and  a  correction  of  the  F2 
classification. 

The  data  in  Table  30  show  that  in  F2  it  was  difficult  to  separate 
the  homozygous  from  the  heterozygous  awnleted  types.  Of  the  199 
plants  classed  in  F2  as  awnleted,  43  produced  segregating  progeny  in 
F3,  while  12  of  the  301  plants  classed  as  strongly  awnleted  bred  true 
in  F3.     All  of  the  plants  classed  as  awned  in  F2  bred  true  in  F3. 

Correcting  the  F2  ratio  of  the  Davis  material  on  the  basis  of  F3 
breeding  behavior  and  comparing  the  observed  numbers  with  a  calcu- 
lated 1:2:1  ratio  by  the  goodness-of-fit  method  gives  a  value  P  =  0.008. 
(Table  31.)  This" very  low  probability  is  due  to  the  small  number  of 
awned  plants  in  F2,  although  all  of  these  when  grown  bred  true. 
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The  F2  generation  grown  at  St.  Paul,  while  not  a  true  random  sample, 
did  not  show  this  lack  of  awned  plants.  In  spite  of  the  apparent  lack 
of  agreement  in  the  Davis  F2  material,  caused  by  the  deficiency  of 
true-breeding  awned  lines,  the  fact  that  there  was  only  one  type  of 
segregation  in  F3  makes  it  almost  certain  that  only  a  single  genetic- 
factor  difference  controls  the  awn  situation  in  this  cross.  It  is  possible 
that  this  poor  fit,  as  well  as  those  observed  for  some  of  the  other 
characters,  could  be  due  in  part  to  the  abnormal  chromosomal  behav- 
ior of  H-44,  as  reported  by  Elders  (11).  This  single-factor  difference 
is  similar  to  the  early  results  of  Biff  en  (5),  those  of  Hayes  and  Aamodt 
(17),  Gaines  and  Singleton  (14),  Goulden,  Neatby,  and  Welsh  (IS), 
and  Clark  and  Quisenberry  (9)  in  crosses  between  awnleted  and 
awned  wheats. 

Table  30. — Breeding  behavior  for  awn  development  of  Fz  lines  of  H-44  and  Minhardi 
wheat  crosses  compared  with  the  F2  awn  classification 


Classed  in  F2  as— 

Breeding  behavior  in  F»  lines 

Total  nuni' 

Awnleted 

Segregating 

Awned 

ber  of  lines 

Awnleted 

156 
12 

43 

289 

190 

Strongly  awnleted 

301 

Awned 

122 

122 

Total 

168 

332 

122 

622 

Table  31. — Comparison  of  the  Fz  breeding  behavior  for  awn  development  of  H-44 
and  Minhardi  wheat  crosses  with  a  calculated  1:2:1  ratio  by  the  goodness-of-fit 
method 

Breeding  group 

Number  of  lines 

0-C 

(0-O» 

Observed 

Calculated 

C 

Awnleted 

168 
332 
122 

155.5 
311.0 
155.5 

12.5 

21.0 

-33.5 

1.00 

Segregating           .    .           

1.42 

Awned 

7.22 

Total 

622 

622.0 

X»-9,64.    P-0.( 


CHARACTERS  NOT  ASSOCIATED 


Throughout  the  foregoing  presentation  the  more  important  asso- 
ciations of  the  characters  have  been  presented  and  discussed.  It  was 
shown,  for  example,  that  winter-growth  habit  and  cold  resistance 
were  associated,  as  well  as  date  of  heading  of  fall-sown  material  and 
hardiness. 

All  data  were  taken  so  as  to  make  it  possible  to  study  the  associa- 
tion of  the  various  characters.  No  relation  was  found  between  awn 
type  and  date  of  heading  in  the  F2  material  grown  from  spring  sowing 
at  St.  Paul.  This  study  was  limited,  of  course,  to  the  plants  that 
headed.  In  this  same  material  no  si^ificant  relation  was  found 
between  rust  reaction  and  date  of  headmg.  There  was  only  a  slight 
tendency  for  such  association,  and  this  was  probably  due  to  the  fact 
that  these  later  plants  had  a  better  chance  to  become  infected,  since 
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there  was  a  greater  abundance  of  inoculum  present  late  in  the  season^ 
There  also  was  no  relation  between  awn  type  and  rust  reaction  in 
F2  lines. 

In  the  F3  material  there  was  no  relation  between  awns  and  average 
hardiness  index.  There  was  no  relation  in  F3  between  growth  habit 
and  date  of  heading  when  fall  sown.  The  purple  coleoptile  color  of 
H-44  was  not  associated  with  seedling  resistance  to  rust. 

DISCUSSION 

A  study  of  the  inheritance  of  hardiness  is  difficult  to  conduct.  If 
studied  in  the  field  the  work  must  be  done  in  a  locality  where  differ- 
ential killing  can  be  obtained.  If  the  winter  is  mild,  very  little  or  no 
killing  will  occur,  depending  upon  the  hardiness  of  the  material  being 
studied.  On  the  other  hand,  if  the  winter  is  very  severe,  with  con- 
tinued low  temperatures  and  little  or  no  snow  covering,  all  of  the 
material  may  be  lost.  Such  conditions  make  necessary  the  growing 
of  material  at  more  than  one  place,  and,  for  a  thorough  test,  over  a 
period  of  several  years.  No  chemical  test  yet  devised  can  be  used 
satisfactorily  as  a  substitute  for  actual  freezing,  either  in  the  field  or 
in  the  laboratory.  The  data  here  presented  show  that  artificial 
freezing  in  the  laboratory  may  be  used  on  breeding  material,  with 
reasonable  assurance  of  success.  The  correlation  between  survival 
from  artificial  freezing  and  survival  from  field  experiments  is  fairly 
good,  even  though  there  is  reason  to  believe  that  laboratory  methods 
might  be  improved. 

There  are  reasons  why  field  and  laboratory  hardiness  tests  may 
never  completely  agree.  The  laboratory  freezing  test  gives  a  measure 
of  the  resistance  to  cold  of  a  variety  or  a  hybrid  strain  at  the  time  the 
test  is  made.  The  weakness  of  the  artificial  test  lies  in  the  fact  that 
it  is  very  difficult  to  harden  off  the  material  thoroughly,  in  order  to 
get  an  absolutely  correct  picture  of  the  resistance  of  the  strains  to 
cold.  No  doubt  varieties  differ  greatly  as  to  their  speed  in  hardening 
off  and  ability  to  build  up  resistance.  Another  disturbing  factor  is 
that  in  the  field  tests,  while  resistance  to  cold  usually  is  of  first 
importance,  there  are  other  factors,  such  as  drought,  soil  blowing,  and 
heaving,  which  cause  winterldlling. 

The  data  presented  indicate  a  correlation  between  winter-growth 
habit  and  winter  hardiness.  This  relationship  seemed  to  go  still  far- 
ther, since  in  general  the  earlier-heading  spring  types  were  less  hardy 
than  the  later-heading  spring  types.  This  association  was  not  com- 
plete, however,  since  early  spring-habit  lines  were  obtained  that 
were  more  hardy  than  11-44.  Winter-habit  lines  also  were  obtained 
that  were  less  hardy  than  Minhardi.  This  fact  is  of  practical  im- 
portance in  winter-wheat  breeding  work.  For  certain  areas,  espe- 
cially in  Montana  and  Minnesota,  it  is  necessary  to  have  a  hardy 
winter-wheat  variety,  the  date  of  maturity  being  of  secondary  im- 
portance. In  southern  Nebraska  and  in  Kansas  a  successful  variety 
should  have  both  winter  hardiness  and  early  maturity.  The  data 
indicate  that  the  production  of  such  a  variety  is  difficult  but  not  im- 
possible. It  does  emphasize,  however,  the  difficulty  of  breeding 
hardy  adapted  varieties  for  the  more  southern  areas  when  the  breeding 
operations  are  confined  solely  to  those  areas.  The  problem  can  be 
met,  however,  by  dividing  the  seed  of  selected  lines,  growing  part 
where  a  measure  of  winter  hardiness  can  be  obtained  and  the  other 
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part  when  there  will  be  a  true  expression  of  time  of  maturity.  From 
the  two  sets  of  data  it  should  be  possible  to  select  among  the  early 
types  adapted  to  the  southern  area  those  that  are  more  winter  hardy 
and  vice  versa. 

SUMMARY 

Crosses  were  made  between  H-44,  a  spring  wheat,  and  Minhardi, 
a  winter  wheat,  and  the  segregation  for  wmter  hardiness,  winter- 
growth  and  spring-growth  habit,  rust  reaction,  and  other  plant  char- 
acters was  determined. 

The  field  studies  on  winter  hardiness  were  conducted  at  University 
Farm,  St.  Paul,  Minn.,  and  at  Moccasin,  Mont.  At  St.  Paul  the 
killing  of  the  F3  material  was  heavy,  and  there  was  a  piling  up  at  the 
less  hardy  end  of  the  curve.  In  Montana,  where  killing  was  less 
severe,  there  was  a  piling  up  on  the  hardy  end  of  the  curve.  The 
correlation  between  the  hardiness  of  the  F3  lines  at  Moccasin  and  at 
St.  Paul,  however,  was  +0.416  ±0.023,  showing  that  in  general  the 
same  condition,  chiefly  low  temperature,  caused  the  killing  at  both 
places.  The  winter-hardiness  character  appears  to  be  controlled  by 
several  genetic  factors,  the  final  expression  being  greatly  influenced 
by  the  environment  under  which  the  material  is  grown. 

In  laboratory  freezing  tests  the  F3  lines  varied  in  cold  resistance 
from  the  tenderness  of  the  H-44  parent  to  the  hardiness  of  the  Min- 
hardi parent,  with  a  preponderance  of  tender  lines.  A  correlation  of 
+  0.713  ±0.031  was  obtained  between  cold  resistance,  as  measured 
by  the  laboratory  freezing  test,  and  field  survivals,  showing  that  cold 
resistance  was  the  principal  character  determining  winter  hardiness. 

Growth-habit  studies  were  conducted  on  F2  and  F3  material. 
Limited  F2  data  indicated  a  ratio  of  15  having  spring  growth  to  1 
having  winter-growth  habit.  A  genetic  explanation  for  growth-habit 
segregation  in  F3  is  suggested  by  assuming  duplicate  dominant  factors 
for  spring-growth  habit,  H-44  (spring)  having  the  genotype  AABB 
and  Minhardi  (winter)  having  the  genotype  aahh.  This  hypothesis 
gave  an  adequate  explanation  of  the  results  obtained.  The  presence 
of  a  dominant  factor  or  factors  gives  spring  forms  varying  in  earliness 
from  those  as  early  as  H-44  to  those  which  head  very  late. 

A  correlation  was  found  between  winter-growth  habit  and  winter 
hardiness,  as  expressed  by  both  field  and  laboratory  tests.  The  asso- 
ciation was  not  complete,  since  winter  forms  were  obtained  that  were 
less  hardy  than  Minhardi  as  well  as  spring  forms  that  were  more 
hardy  than  the  spring  parent. 

Data  on  rust  reaction  in  the  field  at  St.  Paul  were  none  too  satis- 
factory, since  from  the  fall  sowing  many  plants  were  killed  and  from 
spring  sowing  many  plants  failed  to  head.  A  single-factor  difference 
for  resistance  and  susceptibility  was  indicated  by  the  F2  results  from 
the  material  grown  from  both  fall  and  spring  sowing.  The  Fj  studies, 
however,  proved  such  an  explanation  to  be  inadequate.  In  addition 
to  the  major  genetic  factor  involved,  other  minor  modifying  factors 
must  be  assumed  to  explain  the  reaction  obtained. 

There  was  little  relation  between  the  rust  reaction  of  a  line  when 
fall  sown  and  the  same  lines  when  spring  sown,  indicating  the  presence 
of  different  forms  of  rust  or  a  different  expression  of  the  genetic  factors 
due  to  the  dift'erent  length  of  the  growing  period. 

In  the  greenhouse  a  segregation  approximating  1  resistant,  2  seg- 
regating, and  1  susceptible  was  obtained  from  Fa  Imes  inoculated  with 
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physiologic  form  60  of  stem  rust.  There  was  an  indication  of  minor 
factors  influencing  the  expression  of  rust  reaction,  even  in  the  green- 
house. The  behavior  of  the  lines  was  the  same  when  inoculated  with 
form  36,  showing  that  the  same  factor  or  factors  control  the  reaction 
of  the  seedlings  to  these  two  forms  of  rust. 

No  close  relation  was  found  between  the  greenhouse-seedling  reac- 
tion and  the  reaction  of  the  mature  plants  in  the  field.  It  would 
seem  that  genetic  factors,  in  addition  to  those  controlling  the  reaction 
in  the  seedling  stage,  are  necessary  to  explain  the  reaction  in  the 
mature-plant  stage. 

Data  on  the  date  of  heading  were  obtained  at  both  stations  on  the 
F3  lines  that  survived  the  winter,  a  single  note  being  taken  on  each 
row.  At  St.  Paul  the  F3  lines  started  heading  before  Minhardi  and 
continued  later.  The  mode  for  heading  in  the  hybrids  was  earlier 
than  the  mode  of  the  winter  parent.  At  Moccasin,  the  hybrid  lines 
started  heading  six  days  before  Minhardi,  the  majority  being  headed 
before  Minhardi  started.  The  correlation  between  date  of  heading 
at  St.  Paul  and  at  Moccasin  was  +0.468  ±0.024. 

Greenhouse  seedlings  of  H-44  have  a  purple-colored  coleoptile, 
while  seedlings  of  Minhardi  have  a  green  coleoptile.  A  ratio  of  15 
purple  or  segregating  lines  to  1  homozygous  green  line  was  obtained 
in  the  F3,  indicating  dominant  duplicate  factors.  It  is  assumed  that 
H-44  has  the  genetic  constitution  PiPi  P2P2  and  Minhardi  pipi  P2P2. 

H-44  is  awned,  while  Minhardi  is  classed  as  awnless  or  awnleted. 
Segregation  of  this  character  indicates  that  a  single  genetic  factor  is 
involved. 
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INTRODUCTION 

Kalmia  latifolia  and  K.  angustifolia^  commonly  known  as  moun- 
tain-laurel and  sheep  laurel,  respectively,  are  among  the  most  promi- 
nent stock-poisoning  plants  of  the  eastern  part  of  the  United  States. 
They  are  widely  distributed,  well  known  to  most  people  in  the  region 
where  they  are  found,  and  prized  because  of  their  beauty.  While 
many  people  recognize  them  as  being  poisonous,  definite  information 
in  regard  to  the  effect  produced  by  them,  the  toxic  dosage,  and  possi- 
ble w^ays  of  treating  poisoned  animals  or  avoiding  losses  haA^e  not 
been  readily  available.  Frequent  inquiries  are  received  by  the  De- 
partment of  Agriculture  concerning  these  plants,  but  there  has  been 
no  publication  by  the  department  or  by  others  which  could  be  used 
to  answer  these  queries. 

The  two  plants  produce  the  same  effect  and  their  poisonous  prop- 
erties are  due  to  the  same  substance,  andromedotoxin ;  therefore  it 
seems  advisable  to  discuss  both  of  them  in  a  single  publication. 

DESCRIPTION  AND  HISTORY 

KALMIA    LATIFOLIA 

K.  latifolia  is  shown  in'Figure  1.  The  following  description  of  the 
23lant  is  from  Gray's  New  Manual  of  Botany,  (77,  p.  6SSy  : 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  21. 
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Leaves  mostly  alternate,  brij?ht  green  both  sides,  ovate-lanceolate  or  oblong, 
acute  at  each  end,  petioled ;  coryinl)s  terminal,  many  flowered,  elammy-i3ubes- 
cent ;  flow  ers  1,5-2.5  cm.  broad,  pink  or  white ;  p«>(l  depressed,  glandular. 
Rocky  hills  and  damp  soil,  N.  B.  to  Ont.,  and  southw.  Usually  a  shrub,  but 
in  the  mts.  from  Pa.  southw..  often  tree-like.     M»iy-Jnly. 
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Fkuirb  1. — Moiintaiu-liiurt'l   (Kulmia  latifolio).  showliij;  tlir  plaut  in  blossom  aud  tin* 

striu.'tur<>  of  tlio  ttowor 


In  the  Northern  States  this  plant  is  commonly  called  mountain- 
laurel.  In  the  South  it  is  generally  called  ivy.  Other  names  which 
have  been  used  are  calico  bush,  broadUnif  laurel,  high  laurel,  poison 
ivy,  mountain  ivy,  ivy  bush,  ivywood,  big  ivy,  spoonwood,  wiclcy, 
spoon  hutch,  roundleaf  laurel,  great  laurel,  and  wintergreen. 

The  first  mention  of  this  plant  may  have  been  in  1624,  bv  Capt. 
John  Smith  (IS),  who  descril)ed  a  "  kind  of  tree  like  Lowrell  ";  this 
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of  Robert  Ivet  {U)  of 
is  the  statement,  "  and 
and  Rose  trees."    The 


very  likely  was  K.  latifolia.  In  the  account 
the  third  voyage  of  Henry  Hudson  in  1609 
they  went  on  land  and  found  goodly  Grapes 
location  as  shown  by  the  lati- 
tude observations  must  have 
been  Cape  Cod.  Some  authors, 
including  Craw^ford  (i6>),  have 
supposed  that  the  "  rose  trees  " 
were  mountain-laurel;  this  has 
seemed  questionable  to  the 
authors  of  this  bulletin,  and 
Professor  Fernald,  of  Harvard 
University,  who  is  intimately 
acquainted  wdth  the  New  Eng- 
land flora,  was  asked  to  express 
his  opinion.  He  wrote  that 
there  was  no  evidence  of  the 
presence  of  K,  latifolia  on 
Cape  Cod,  but  that  roses  were 
abundant  all  over  the  cape 
and  he  saw  no  reason  for  inter- 
preting roses  as  anything  other 
than  roses. 

It  was  described  by  Grono- 
vius  {13)  and  Catesby  {5) 
and  given  its  present  scientific 
name  by  Linnaeus  in  1753 
{16).  The  generic  name, 
Kalmia,  was  given  in  honor 
of  Peter  Kalm  {15) ,  a  Swedish 
traveler,  who  in  1770  wrote 
an  extended  and  interesting- 
account  of  the  appearance  and 
habits  of  the  plant  and  of  its 
poisonous  properties.  Much  of 
the  material  written  by  later* 
authors  about  the  plant  was 
drawn  from  Kalm's  account. 

The  first  publication  of  its 
poisonous  properties  was  in 
1743,  when  Gronovius  {13) 
wrote  that  it  was  poisonous  to 
sheep,  and  Catesby  {5)  that  it 
was  poisonous  to  cattle  and 
sheep  but  not  to  deer. 

KALMIA  ANGUSTIFOLIA 

K.  aavgw^tifoVia  in  blossom  is 
shown  in  Figure  2.  Following 
is  the  description  from  Gray's 
Manual  {11,  f.  633): 

Shrub  rarely  1  m.  high;  leaves  commonly  opposite  or  in  threes,  pale  and 
glabrate  underjieath,  bright  green  above,  narrowly  oblong,  obtuse,  petioled ; 
corymbs  lateral    (appearing   later   than   the    shoots    of   the   season),    slightly 


FiGUUF  2. — Shoop 
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glandular,  many-flowered ;  flowers  rarely  1  cm.  broad,  crimson  ;  calyx  glandular : 
pod  depressed,  nearly  smooth ;  pedicels  recurved  in  fruit.  Hillsides,  pastures, 
and  bogs,  Lab.  to  Ont.,  and  southw.     June,  July. 

The  plant  is  most  commonly  known  as  sheep  laurel.  Other  names 
which  have  been  applied  to  it  are  calfkill,  lambkill,  killkid,  narrow- 
leaf  laurel,  dwarf  laurel,  sheep  poison,  spoonwood  ivy,  ivy,  winter- 
green,  and  wicky.  While  the  plant  had  been  seen  by  preceding 
authors,  Gronovius  (13)  and  Catesby  (S)  in  1743,  it  was  first  given 
its  permanent  scientific  name  by  Linnaeus  in  1753  (J6). 

The  first  notice  of  its  poisonous  properties  was  by  Golden  in  1749 
(9),  who  said  that  it  was  deadly  to  sheep.  Kalm  (i5,  v.  2^  p.  215- 
216)  in  1771  stated  that  it  poisoned  "  sheep  and  other  lesser  animals." 

As  will  be  seen  from  the  foregoing  descriptions  the  two  plants 
differ  markedly  in  size,  form  of  leaves,  and  color  of  flowers.  The 
corymbs  in  K.  latifolia  are  terminal,  while  in  K.  angustifolia  they 
are  lateral ;  this  difference  is  clearly  seen  in  Figures  1  and  2. 

The  plants  are  ordinarily  called  evergreen.  This  is  not  strictly 
true  as  the  leaves  are  shed  at  the  end  of  the  second  summer.  There- 
fore, in  the  summer  the  plants  have  the  leaves  of  two  seasons  and  in 
the  winter  of  one. 

In  both  plants  the  corollas  are  salver  shaped  and  the  stamens 
bent  over  and  attached  in  little  pockets,  as  show^n  in  Figure  1.  The 
stamens  are  under  tension,  and  when  released  by  the  movement  of 
insects  seeking  honey  throw  the  pollen  with  considerable  force. 
This  force  is  so  great  that  the  pollen  is  thrown  upon  other  blossoms, 
and  in  this  way  and  by  the  transfer  of  the  ]:)ollen  to  other  blossoms 
by  the  insects  cross-fertilization  is  brought  about. 

EXPERIMENTAL  WORK 

Comparatively  little  experimental  work  has  been  done  to  determine 
the  symptoms,  dosage,  and  treatment  of  poisoning  by  these  species 
of  Kalmia.  The  following  authors  made  some  experiments  with 
K.  latifolia:  Thomas  {19),  in  1802;  Bigelow  (.?),  in  1817;  Crawford 
{10), in  1908;  and  Chesnut  {6,  8),  in  1898  and  1899.  The  only  author 
who  has  reported  experiments  with  K.  ancfustifoUa  is  Wood  {21),  in 
1883.  The  results  obtained  by  these  authors  will  be  alluded  to  later 
under  Discussion  and  General  Conclusions. 

The  experimental  work  of  the  writers  was  carried  on  at  the  Salina 
Experiment  Station,  Salina,  Utah,  in  the  years  1927,  1928,  and  1929. 
The  material  used  was  collected  in  the  eastern  part  of  the  United 
States  and  after  drying  was  shipped  to  Salina.^ 

Most  of  the  experiments  w^ere  made  by  administering  to  the  ani- 
mals, by  balling  gun,  weighed  quantities  of  ground  plant  moistened 
with  water.  In  a  few  cases  the  animals  ate  the  plant  which  had  been 
mixed  with  hay  or  bran.  With  K.  latifolia  there  were  8  experiments 
with  cattle,  5  with  goats,  and  16  with  sheep.  With  K.  anqustifolia 
there  were  7  experiments  with  cattle,  2  with  goats,  and  32  with  sheep. 

Tables  1  and  2  give  a  summarized  statement  of  the  experimental 
feedings.  In  these  tables  the  dosage  is  fijiven  as  green  plant,  it  being 
assumed  that  the  plant  lost  75  i)er  cent  in  drying. 

aAcknowlodfcment  is  made  of  the  services  of  W.  W.  Eegleston  and  J.  W.  Kelly,  of  the 
Bureau  of  Plant  Industry,  who  collected  the  plant  material  at  various  times  In  Maryland 
and  Massachusetts. 
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KALMIA  LATIFOLIA 


^I.'ICAI.    CASK    Ol 


Sheep  1022  was  an  old  ewe  in  good  condition  at  the  time  of  the 
experiment  and  Aveighed  110.5  pounds.  At  1.38  p.  m.  on  July  28,  she 
was  given  by  balling  gun  62.5  grams  of  dry  leaves  and  flowers  of 
K.  latifolia^  which  had  been  collected  at  Lanham,  Md.  This  was 
equivalent,  on  a  green-plant  basis,  to  0.5  per  cent  of  the  weight  of  the 
animal.  During  the  remainder  of  the  day  there  was  no  evidence  of 
any  effect  produced  by  the  Kalmia. 

JEarly  in  the  morning  of  the  next  day  the  sheep  was  found  to  be 
very  sick.  The  respiration  was  forced,  short,  and  shallow,  wath  a 
pause  after  each-  breath.     The  sheep  was  grating  her  teeth.     At  7 


FiGUUE  3. — Sheep  102:i,  poisoned  by  mountain-laurel,  at  8.22  a.  m.  showing  dyspnea 

and  nausea 

a.  m.,  she  was  lying  down,  very  much  depressed,  and  refused  to 
make  any  attempt  to  get  on  her  feet.  She  w^as  much  salivated  and 
was  regurgitating  bits  of  material  from  her  stomach.  This  material 
was  found  around  the  pen,  showing  that  the  animal  had  been  re- 
gurgitating for  some  time.  At  7.15  a.  m.,  an  attempt  was  made  to 
put  her  on  her  feet,  but  she  could  not  stand.  A  7.20  a.  m.  her  temp- 
erature was  101.4°  F,  pulse  50,  and  respiration  12.  She  was  lying 
with  her  head  extended  forward  and  resting  on  the  ground.  At 
8.22  a.  m.,  she  was  standing,  and  her  condition  at  the  time  is  shoAvn 
in  Figure  3.  At  8.25  a.  m.  the  temperature  was  101.2°,  pulse  56, 
respiration  12.  The  respiration  was  labored,  the  expiration  being 
forced.  The  animal  was  distinctly  nauseated  and  immediately  after- 
wards attempted  to  vomit.  There  was  a  pause  between  the  inspira- 
tion and  expiration.  At  8.45  a.  m.,  5  ounces  of  raAv  linseed  oil  Avere 
administered.     At  11.04  a.  m.,  the  temperature  Avas  103.8°,  pulse  92, 
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respiration  22.  The  pulse  and  respiration  were  both  regular,  but  the 
latter  was  forced,  with  a  pause  between  inspiration  and  expiration. 
At  that  time  the  sheep  was  standing  but  moved  with  an  unsteady 
gait.  The  head  was  extended  forward  and  was  drooped.  At  1.35 
p.  m.,  the  temperature  was  105.2,  pulse  64,  respiration  28.  She  was 
still  standing  and  there  was  no  distinct  change  in  her  condition. 
This  condition  continued  during  the  afterncmn.  At  3.15  p.  m.,  she 
was  given  5  ounces  of  raw  linseed  oil.  At  7  p.  m.,  the  sheep  defecated 
very  Avatery,  foul-smelling  feces.  At  9.50  p.  m.,  the  temperature  was 
106.2°,  pulse  92,  respiration  36.  The  respiration  was  still  somewhat 
labored,  but  the  animal  was  able  to  stand  and  even  to  walk  about. 

July  30,  at  6.30  a.  m.,  she  was  found  dead,  lying  on  the  left  side. 
The  body  was  still  somewhat  warm,  so  she  had  not  been  dead  very 
long.  The  autopsy  was  begun  at  8.05  a.  m.  and  showed  congestion 
in  the  fourth  stomach,  duodenum,  and  ileum.  The  kidneys  also  were 
congested.  There  was  an  excess  of  serum  in  the  pleural  cavity.  No 
other  abnormal  conditions  were  found. 

TYPICAL  CASE  OF   CATTLE   1140 

Cattle  1140  was  a  short  yearling  steer  in  good  condition  at  the 
time  of  the  experiment,  and  weighed  385  pounds.  June  19,  1928. 
between  1.35  and  1.50  p.  m.,  he  was  given  by  balling  gun  327.5  grams 
of  dry,  ground  K.  Icctifolial  leaves,  moistened  with  water.  This  dose 
was  an  equivalent  of  0.75  per  cent  of  the  animal's  weight,  the  plant 
being  estimated  on  a  green-weight  basis.  That  morning  at  8.10 
his  temperature  was  101.4°  F.,  pulse  60,  respiration  16.  No  symp- 
toms or  the  effect  of  the  plant  were  noted  until  June  20.  At 
7.59  a.  m.,  June  20,  the  temperature  was  99.6°,  pulse  64,  respiration 
16.  At  10.30  a.  m.,  the  feces  were  observed  to  be  soft ;  and  in  as- much 
as  this  condition  was  a  common  symptom  in  cattle  poisoned  by  K. 
latifolict^  this  was  considered  as  the  first  symptom  of  the  effect  of 
the  plant.  At  11  a.  m.,  th^  animal  was  forced  to  rise  and  seemed  to 
have  lost  partial  control  of  his  hind  legs,  as  he  staggered  when 
attempting  to  move  about,  but  after  a  little  walked  more  readily. 
At  3.25  p.  m.  he  was  lying  down,  and  when  made  to  get  up  moved 
about  very  awkwardly,  crossing  his  legs  one  over  another,  apparently 
through  lack  of  control  rather  than  simply  from  weakness.  As  in 
the  morning,  after  he  had  been  up  for  a  short  time,  he  walked  much 
more  easily.  The  feces  at  this  time  were  very  liquid.  At  4.27  p.  m., 
the  temperature  was  102.3°,  pulse  68,  and  respiration  32.  The  pulse 
was  strong  and  regular,  and  the  respiration  was  deep  and  somewhat 
labored.  Muscular  incoordination  was  noticeable,  as  earlier  in  the 
day.     At  this  time  the»  steer  had  a  distinct  diarrhea. 

At  8.13  a.  m.  the  following  day,  the  temperature  was  101.5°  F., 
])ulse  60,  and  respiration  10.  The  pulse  was  hard  and  rather  jerky, 
but  the  respiration  was  deep  and  regular.  His  movements  were  much 
like  those  of  the  preceding  day,  but  somewhat  improved,  and  he  was 
ruminating.  At  1.35  p.  m.,  his  condition  was  about  the  same  as  at 
8.13  a.  m.  At  5.20  ]).  m.,  the  temperature  was  102.5°,  ])ulse  64,  and 
respiration  20.  The  ])ulse  was  somewhat  weak  and  the  expiration 
rather  ])ron()unced.     The  feces  were  still  soft. 

At  8.31  a.  m.  June  22,  the  temperature  was  101.3°  F.,  pulse  58,  and 
respiration  12.     The  pulse  wag  faint  and  respiration  shallow.     The 
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animal  was  dull  but  showed  no  indication  of  the  leg  weakness  which 
had  been  so  pronounced  on  the  preceding  day.  At  4.18  p.  m.,  the 
temperature  was  101.8°,  pulse  68,  and  respiration  20.  The  pulse 
was  strong  and  the  respiration  deep.  At  4.85  p.  m.,  it  was  noticed 
that  the  feces  were  firm  and  that  the  general  condition  of  the  animal 
was  very  much  improved. 

The  following  day  at  8.30  a.  m.,  the  temperature  was  100.3°  F., 
pulse  52,  and  respiration  12.  The  pulse  was  strong  and  the  respira- 
tion deep.  The  feces  were  firm,  and  the  animal  was  considered  as 
recovered  from  the  effect  of  the  plant.  He  had  lost  condition  some- 
what since  being  fed  on  K.  latifolia^  as  would  be  expected.  He  was 
turned  into  the  pasture  in  the  afternoon.  This  can  be  considered  as 
a  case  of  distinct  poisoning,  without  the  extreme  effects  that  some- 
times appear. 

TYPICAL  CASE  OF  GOAT   2 

Goat  2  was  an  old  doe,  weighing  95.5  pounds  at  the  time  of  the 
experiment.  She  had  received  two  former  feedings  of  K.  latifolia^ 
one  on  August  5,  of  0.4  per  cent  of  her  weight,  which  made  her  sick, 
and  one  on  August  19,  of  0.3  per  cent  of  her  weight,  which  had  no 
distinct  effect.  On  August  31,  from  8.13  to  8.19  p.  m.,  she  was  given 
by  balling  gun  54  grams  of  dry  leaves  of  K.  latifolla  moistened  with 
water.  This  dose  was  equivalent  to  0.5  per  cent  of  animal  weight 
of  green  plant.  Xo  symptoms  were  noted  until  1.20  p.  m.,  Septem- 
ber 1.  At  that  time  considerable  regurgitated  material  was  found 
lying  about  the  pen  in  which  she  was  confined.  At  1.23  p.  m.,  she 
was  down  and  regurgitating  and  showing  distinct  symptoms  of 
nausea.  At  1.27  p.  m.,  the  temperature  was  102.8°  F.,  pulse  84, 
respiration  16.  The  pulse  was  w^eak,  the  respiration  somewhat  ir- 
regular, the  expiration  being  slightly  forced.  At  1.37  p.  m.,  the 
goat  was  lying  down  and  vomiting.  She  groaned  with  each  expira- 
tion. At  5.16  p.  m.,  her  temperature  was  102.6°,  pulse  76,  respira- 
tion 28.  The  pulse  was  regular  and  tlie  respiration  irregular.  The 
animal  had  been  salivating  during  the  afternoon  and  apparently  was 
in  some  pain. 

September  2,  8.36  a.  m.,  the  temperature  was  100.9°  F.,  pulse  too 
weak  to  count,  respiration  20  and  irregular.  She  was  still  salivating 
and  groaning  as  though  in  pain.  This  condition  continued  during 
the  day.  At  4.31  p.  m.,  the  temperature  was  101.7°,  pulse  still  too 
weak  to  count,  and  respiration  16. 

The  next  observation  was  made  the  following  morning  at  8.25 
a.  m.  She  had  been  vomiting  during  the  night  and  green  material 
was  smeared  around  her  mouth  and  nostrils.  She  was  salivating  and 
weak.  Breathing  was  still  somewhat  forced,  and  expiration  was 
accompanied  frequently  with  a  groan.  At  9  a.  m.,  when  attempting 
to  walk  she  showed  very  marked  w^eakness  and  unsteadiness  of  gait. 
At  4.20  p.  m.,  the  temperature  was  101.3°  F.,  pulse  64,  and  respiration 
16.  The  pulse  was  regular,  but  weak,  the  respiration  deep  and 
irregular.  The  animal  appeared  to  be  somewhat  better  but  was  still 
very  weak.  At  5.45  p.  m.,  she  attempted  to  eat  the  leaves  of  the 
service-berry  bushes  which  had  been  thrown  into  the  pen.  This  w^as 
the  first  time  she  had  attempted  to  eat  since  receiving  the  K.  latifolia. 
15144''— 30- — 2 
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September  4,  at  8.24  a.  m.,  the  temperature  was  100.8°  F.,  pulse  64, 
and  respiration  12.  At  4.86  p.  m.,  the  temperature  was  100.2°, 
pulse  68,  and  respiration  20.  The  goat  was  much  better  and  was  put 
in  the  hospital  pasture,  where  she  ate  fairly  well. 

On  September  5,  she  was  considered  as  practically  recovered. 

KALMIA   ANGUSTIFOLIA 

TYPICAL    CASE    OF    SlIEM*    1117 

Sheep  1117  was  a  yearling  ewe,  Aveighing  91  pounds  at  the  time  of 
the  experiment.  On  July  16,  at  4:50  p.  m.,  51.6  grams  of  ground 
leaves  of  K.  angivstifolia  was  placed  in  the  feed  box  mixed  with  226.8 
grams  of  ground  alfalfa  hay.     The  animal  ate  the  mixture  very 


FlGLUlO  4. 


SluM-p  1117  i)oKsout'd  by  si 

att(>llll; 


iiiul«>  when 


eagerly.  At  6.55  p.  m.,  25  or  30  grams  of  the  mixture  remained  in 
the  feed  box.  This  was  placed  in  a  pan  and  the  sheep  ate  it  all  with 
the  exception  of  2  or  3  grams  which  was  moistened  and  given  in  a 
balling  gun.  The  total  Aveight  of  tlio  plant  eaten,  considered  as 
green  plant,  was  0.5  per  cent  of  the  animal  s  weight. 

July  17,  at  6.15  a.  m.,  she  stood  humped  up  and  had  vomited,  was 
depressed,  and  weak  in  the  legs,  although  able  to  stand.  In  walking 
she  staggered,  the  weakness  being  more  pixmounced  in  the  hind 
legs.  At  6.30  a.  m.,  the  pulse  was  120  and  weak.  At  9.30  a.  m.,  the 
temperature  was  101°  F.,  the  pulse  73,  and  the  respiration  48  and 
regular.  The  pulse  was  regular  but  somewhat  weak.  The  sheep  was 
still  depressed,  very  weak,  unable  to  control  the  action  of  the  legs, 
and  was  regurgitating.  At  10.08  a.  m.,  the  ])ulse  was  108,  rather 
Aveak;  the  respiration  was  26,  shallow  and  jerky.     She  grated  her 
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teeth  and  the  ears  drooped.  At  1.10  p.  m.,  the  temperature  was 
101.3°,  the  pulse  120,  and  the  respiration  120.  The  pulse  was  regu- 
lar and  fairly  strong.  The  respiration  was  irregular.  She  grated 
lier  teeth  and  was  unable  to  get  upon  her  feet.  In  the  attempts  to 
get  on  her  feet  she  threw  herself  about  as  shown  in  Figure  4. 
Figure  5  shows  her  attitude  at  1.21  p.  m.  Until  about  the  middle  of 
the  afternoon  she  was  unable  to  stand.  At  that  time  she  could  get 
upon  her  feet  but  was  very  weak  when  she  attempted  to  w^alk,  and 
fell  when  urged  to  w  alk.  Her  condition  was  not  materially  changed 
during  the  rest  of  the  day.  At  5.54  p.  m.,  her  temperature  was  103.7°^ 
pulse  118,  and  respiration  52.  The  pulse  was  weak,  and  the  respira- 
tion jerky. 


FiGuui: 


Sheep  1117  at  1.21  p.  m. 


July  18,  at  8.40  a.  m.,  the  temperature  was  102.3°,  the  pulse  119, 
and  respiration  17.  The  pulse  was  weak  and  respiration  irregular. 
She  was  still  very  much  depressed  and  weak,  w^as  salivating,  and 
there  were  indications  of  nausea.  During  the  rest  of  the  day  her 
condition  remained  unchanged.  At  5.16  p.  m.,  her  temperature  was 
102.8°,  pulse  152,  and  respiration  20. 

On  the  following  day  at  8.40  a.  m.,  the  ewe's  temperature  was 
101.8°,  pulse  125,  and  respiration  21.  The  pulse  was  weak  and  the 
respiration  was  regular.  She  Avas  still  much  depressed  but  had  l)een 
eating.  At  4.51  p.  m.,  the  temperature  was  102.5°,  the  pulse  114,  and 
the  respiration  34.  The  pulse  was  still  weak,  but  the  general  indi- 
cations were  of  marked  improvement. 

July  20,  at  8.35  a.  m.,  the  temperature  was  101°,  the  pulse  87,  and 
the  respiration  23.  The  animal  at  this  time  w^as  considered  as  com- 
pletely recovered.  Xo  other  symptoms  were  noted,  except  that  dur- 
ing the  day  the  respiration  Avas  irregular  and  jerk}^ 
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SYMPTOMS 
KALMIA   LATIFOLIA 


The  symptoms  noted  in  the  sheep  poisoned  by  mountain-laurel 
were  depression,  weakness  shown  in  a  staggering  gait,  and  sometimes 
prostration,  salivation,  nausea  accompanied  by  vomiting,  irregular 
and  sometimes  forced  resj^iration.  The  picture  of  sheep  1022  (hg.  3) 
shows  the  animal  at  a  time  when  it  was  weak,  nauseated,  and 
the  breathing  labored.  Sometimes  the  sheep  would  grate  its  teeth. 
While  occasionally  changes  in  temperature  and  pulse  rate  were 
noted,  none  of  them  were  characteristic. 

The  symptoms  in  goats  were  like  those  in  sheep. 

One  of  tlie  cattle  vomited  and  exhibited  distinct  evidence  of 
nausea.  One  was  definitely  salivating.  Weakness  was  pronounced. 
All  had  soft  feces  and  this  in  some  cases  became  a  diarrhea. 

KALMIA   ANGUSTIFOLIA 

In  general  the  symptoms  of  sheep  poisoned  by  sheep  laurel  were 
like  those  affected  by  mountain-laurel.  While  the  pulse  rate,  as  in 
the  K,  latifolia  cases,  was  not  characteristic,  in  a  number  of  the 
animals  the  pulse  was  noticeably  weak.  The  picture  of  sheep  1117 
(figs.  4  and  5)  show^s  the  attitude  of  an  animal  in  which  muscular 
weakness  was, especially  pronounced. 

In  the  goats,  the  symptoms  were  like  those  of  the  sheep;  the 
vomiting  Avas  very  profuse;  Fig.  6  shows  No.  11  when  attempting 
to  vomit. 

The  cattle  had  the  same  symptoms  as  those  poisoned  by  K.  lati- 
folia; tliree  of  the  four  cases  exhibited  soft  feces.  Five  of  the  cattle 
vomited,  and  two  were  salivating. 

In  general  the  symptoms  produced  by  the  two  plants  were  almost 
identical.  This,  of  course,  Avould  be  expected,  as  both  contain  the 
same  poisonous  principle,  andromedotoxin.  The  symptoms  from 
the  experimental  feedings  correspond  to  those  described  by  pre- 
ceding authors. 

MICROSCOPIC  CHANGES  IN  ANIMAL  TISSUES 

Only  one  animal,  sheep  1022,  died  as  a  result  of  tlie  experimental 
feeding.  An  examination  of  the  tissues  of  this  animal  gave  the 
following  results : 

The  most  important  and  apparently  the  primary  injury  was  in 
tlie  kidneys.  Very  severe  acute  parenchymatous  nephritis  affecting 
all  the  tubules  had  led  to  necrobiotic  changes  in  some  tubules  and 
complete  breaking  down  of  others,  with  a  pronounced  disarrange- 
ment of  the  epithelial  cells.  These  changes  were  accompanied  with 
a  severe  congestion,  edema,  some  hemorrhage,  and  pronounced 
degenerative  changes  in  the  blood.  In  the  most  severely  injured 
areas,  plasma  cells  and  lymphocytes  were  abundant.  The  most 
pronounced  changes  were  in  tlie  convoluted  tubules. 

The  liver  cells  were  swollen,  and  some  albuminous  degeneration 
was  present.     This,  however,  was  by  no  means  so  severe  as  the 
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injury  to  the  kidney  cells.  There  was  considerably  more  blood  in 
the  pancreas  and  spleen  than  normal,  probably  secondary  to  the 
conditions  in  the  liver. 

Some  areas  in  the  lungs  were  congested,  the  congestion  being  ac- 
companied with  severe,  pulmonary  edema  and  an  invasion  of  the  tis- 
sues by  polymorphonuclear  leucocytes.  This  condition  apparently 
centered  around  certain  bronchi  and  was  probably  caused  by 
regurgitated  material  drawn  into  the  lungs. 

While  there  was  a  mild  congestion  of  the  wall  of  the  abomasum 
and   the   lower   ileum,   which   was    accompanied   in   the   abomasum 


Figure  G. — Goat  11  poisoned  by  sheep  laurel,  showiug  nausea 

with  slight  outwandering  of  leucocytes,  this  condition  was  of 
doubtful  importance. 

The  renal  and  posterior  mediastinal  lymph  glands  show^ed  the 
effects  of  some  irritation.  These  effects  were  not  very  severe  and 
were  probably  secondary  to  the  injuries  found  in  the  kidneys  and 
lungs. 

Very  similar  conditions  have  been  found  in  the  tissues  of  animals 
poisoned  by  some  other  closely  related  plants. 

TOXIC  AND  LETHAL  DOSAGE 

KALMIA    LATIFOLIA 

Reference  to  Table  1  shows  that  the  minimum  toxic  dose  of 
K.  latifoim  for  cattle  was  0.4  per  cent  of  animal  weight,  but  0.3 
per  cent  in  one  case  produced  no  effect.     The  minimum  toxic  dose 
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for  goats  was  0.4  per  cent,  0.3  per  cent  producing  no  effect.  The 
minimum  toxic  dose  for  sheep-  was  0.35  per  cent,  0.3  per  cent  pro- 
ducing no  effect. 

Sheep  1022  was  killed  by  0.5  per  cent.  As  sheep  1018,  which 
received  0.6,  was  only  sick,  0.5  per  cent  is  the  probable  minimum 
lethal  dose.  The  lethal  dose  was  not  determined  for  goats  and 
cattle ;  goat  17  recovered  from  a  feeding  of  0.6  per  cent.  Cattle  were 
fed  as  high  as  0.9  per  cent  of  their  weight  and  were  only  sick.  The 
lethal  dose  for  cattle  is  evidently  considerably  higher  than  that 
for  sheep  and  goats. 

Cattle,  goats,  and  sheep  are  about  equally  susceptible  to  the  effect 
of  the  plant  so  far  as  poisoning  is  concerned,  but  goats  and  sheej) 
are  more  likely  to  succumb  than  are  cattle. 

KALMIA  ANGUSTIFOLIA 

From  Table  2  it  appears  that  the  minimum  toxic  dose  of  K. 
angustifolia  for  sheep  was  0.15  per  cent  of  animal  weight,  as  found 
in  sheep  1063  and  1103.  Sheep  1077  received  0.15  per  cent  and 
sheep  1091  0.2  per  cent  without  effect.  The  lethal  dose  was  not 
determined,  but  it  must  be  something  over  1.2  per  cent,  as  sheep 
1130  received  that  quantity  and  recovered. 

A  goat  was  made  sick  on  0.25  per  cent. 

There  w^ere  seven  feedings  of  cattle,  the  minimum  effective  dosage 
being  0.2  per  cent.  The  largest  dose  given  to  cattle  was  0.8  per  cent, 
which  only  made  the  animal  sick. 

So  far  as  these  experiments  go  there  is  nothing  to  indicate  any 
marked  difference  in  toxicity  of  the  plant  for  cattle,  sheep,  or  goats. 

A  considerable  number  of  feedings  with  sheep  (16  with  K.  lati- 
folia,  and  32  with  K.  cmgustif olm)  makes  it  possible  to  draw  infer- 
ences in  regard  to  the  comparative  toxicity  of  the  two  plants. 
The  experiments  with  cattle  and  goats  were  too  few^  for  such  a 
comparison,  although  goats  are  probably  affected  much  like  sheep. 
Since  the  minimum  toxic  dose  of  K.  latifolicu  for  sheep  is  0.35  per 
cent  and  K,  mujustifolid  0.15  per  cent,  it  seems  clear  that  K,  angvisti- 
folia,  is  decidedly  the  more  toxic.  However,  it  is  much  less  likely 
to  cause  death,  as  is  shown  by  the  fact  that  1.2  per  cent  of  i?. 
angustifolia  failed  to  be  fatal,  although  0.5  per  cent  of  K.  latifolia 
was  lethal. 

Preceding  published  information  in  regard  to  dosage  of  domestic 
animals  is  very  slight.  Craw^ford  (^6^)  in  1908  gave  details  of  feed- 
ings of  dry  leaves  of  K.  latifolia  to  three  slieep  of  which  the  weight 
was  given.  These  feedings  were  of  dry,  powdered  leaves.  Reducing 
liis  data  to  percentages  of  animal  weight  of  green  material,  he  had 
the  following  results:  One  sheep,  receiving  0.596  per  cent  of  its 
weight,  was  poisoned  and  recovered ;  one  sheep,  receiving  1.508  per 
cent  of  its  weight,  was  poisoned  and  died;  one  sheep,  receiving  1.469 
])er  cent  of  its  Aveight,  was  j)oisoned  and  died.  His  toxic  dose  was 
comparable  with  the  results  at  the  Salina  station  as  one  of  the 
experimental  sheep  there  received  0.6  per  cent  of  its  weight  without 
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a  fatal  result.  Evidently  his  lethal  doses  were  larger  than  the 
quantity  necessary  to  produce  death. 

Thomas  {19)  in  1802  poisoned  dogs  with  decoctions  and  tinctures 
of  the  plant,  but  as  he  did  not  mention  the  size  of  tlie  dogs,  or 
whether  the  leaves  were  green  or  dry,  this  dosage  can  not  be  com- 
pared with  others.  Observations  made  by  Thomas  on  the  effect  of 
both  K.  angustifolia  and  K.  latifolia  on  man  indicated  that  6  grains 
(0.4  gram)  of  green  leaves  was  toxic. 

The  only  other  statement  published  in  regard  to  the  dosage  of 
K.  angustifolia  is  by  Wood  (^i),  in  1883.  He  made  a  decoction  of 
1  pound  of  leaves  and  fruit  boiled  down  to  one-half  pint.  Six  and 
one-half  ounces  of  this  decoction  was  given  to  a  sheep,  weighing  23 
pounds.  This  dose,  the  equivalent  of  3.48  per  cent  of  the  animal's 
weight,  made  the  animal  sick  but  did  not  result  in  death.  In  com- 
parison with  the  experiments  at  the  Salina  Experiment  Station  it 
Avas  an  extremely  heavy  dose  and  should  have  caused  death.  It 
seems  possible  that  the  method  of  preparation  may  have  lessened 
the  toxic  properties  of  the  plant. 

TIME   FROM  FEEDING  TO  APPEARANCE   OF  SYMPTOMS 

The  average  time  from  the  feeding  of  mountain-laurel  to  the 
development  of  symptoms  was :  For  cattle,  16  hours  and  50  minutes ; 
for  goats,  16  hours  and  47  minutes;  and  for  sheep,  14  hours  and 
44  minutes. 

Most  of  the  experimental  feedings  were  made  in  the  evening,  and 
the  first  symptoms  were  not^d  at  the  early  morning  observation,  no 
observations  being  made  during  the  night.  Therefore  it  is  probable 
that  the  actual  time  elapsing  before  symptoms  appeared  was  shorter 
than  that  found  in  the  averages.  This  is  indicated  in  the  fact  that 
the  minimum  time  for  cattle  was  in  the  case  of  No.  1142  which  was 
fed'  at  9.10  a.  m.,  and  symptoms  appeared  at  4.32  p.  m.  Several 
sheep  that  developed  symptoms  are  not  listed  in  Table  3  as  it  seemed 
proper  to  exclude  those  animals  which  received  linseed  oil  before 
symptoms  appeared. 

Table  3. — Time  from  fcedin(/  Kalmia  latifolia  to  development  of  symptoms 


Animal 


Cattle: 

No.  1143 

No.  1136 

No.  1135 

No,  1140 

No.  1146 

No.  1142 

No.  1202. 

Goat: 

No.  2  (Aug.  5). 
No.  2  (Aug.  31) 
No.  17 


Hours 

Minutes 

18 

40 

22 

26 

20 

34 

20 

40 

17 

20 

7 

22 

10 

50 

23 

20 

17 

1 

9 

20 

Animal 


1  I 

I  Hours    Minutes 


Sheep:  | 

No.  1018 19 

No.  1022 17 

No.  1028 '  19 

No.  1029._.. I  13 

No.  1034 10 

No.  944 18 

No.  1000 10 

No.  1021 j  9 


In  the  case  of  sheep  laurel  the  average  time  for  sj^mptoms  to  de- 
velop in  cattle  was  14  hours  and  8  minutes,  and  in  sheep  10  hours 
and  40  minutes. 
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As  in  the  case  of  K.  latifolia^  most  of  the  feedin<^s  of  A',  (uigusti- 
foUa  were  made  in  the  evenin*^,  no  night  observations  being  made. 
For  cattle  the  minimum  time  was  in  the  case  of  1151,  which  was  fed 
from  11.23  to  11.30  a.  m.,  and  the  symptoms  were  noted  at  4.56  p.  m. 
For  the  sheep  the  shortest  period  was  with  No.  10G9.  which  was  fed 
at  9.55  a.  m.  and  showed  symptoms  at  4.43  p.  m.  Doubtless,  if  there 
had  been  continual  observations  in  all  cases  of  Kalmia  feeding,  the 
average  time  from  feeding  to  symptoms  would  have  been  shown  to 
be  somewhat  shorter  than  Tables  3  and  4  would  indicate. 

Tablk  4. — Time  from  feedhiff  Kalmia  anyuatifolia  to  development  of  symptoms 


Animal 


Cattle: 

No.  1151  (July  20). 

No.  1160 

No.  1155 

No.  1151  (Sept.  11) 

No.  1187 

No.  1199-. 

No.  1159... 

Goat: 

No.  11 --. 

No.  15 

Sheep: 

No.  1090.— - 

No.  1092.. 

No.  1093 

No.  1083  (Aug.  5)-. 

No.  1049 

No.  1060 

No.  1064 

No.  1063 


Hours 

Minutes 

, 

26 

13 

3 

14 

50 

16 

54 

19 

10 

20 

50 

9 

40 

11 

8 

8 

20 

18 

55 

12 

50 

10 

20 

9 

6 

8 

38 

8 

15 

9 

58 

12 

13 

Ajiimal 


Sheep — Continued 

No.  1069. 

No.  1074 

No.  1073.. 

No.  1083  (Hept.  10) 

No.  1099... 

No.  1101 

No.  1103 

No.  1110 

No.  1112.. 

No.  1117 

No.  1120.. 

No.  1121 

No.  1125-. 

No.  1127.- .... 

No.  1138 

No.  1146 

No.  1107 

No.  1124 

No.  1130 


Hours 


Minutes 


12 
22 
10  I 
12 

10  I 

8  I 

12  ! 
10 

8 

8 

9 

9 


In  comparing  the  effects  of  the  two  plants  it  appears,  so  far  as 
these  figures  are  concerned,  that  in  the  three  classes  of  animals  used, 
cattle,  sheep,  and  goats,  symptoms  w^ere  developed  somewhat  more 
quickly  with  K.  migusUfoUa.  This  is  what  would  be  expected  from 
the  fact  that,  as  shown  on  p.  14,  K.  angustifolia  is  somewhat  more 
toxic. 

The  only  preceding  data  in  regard  to  the  time  of  development  of 
symptoms  are  in  the  papers  of  Crawford  {10)  and  Thomas  {19). 
Of  the  three  sheep  poisoned  by  K.  lutifolia,  reported  by  Crawford 
one  became  sick  in  45  minutes,  one  in  1  hour  and  30  minutes,  and  the 
third  in  14  hours  and  40  minutes.  Thomas,  in  his  experiments  on 
dogs,  found  that  five  of  the  dogs  poisoned- by  K.  lati folia  showed 
symptoms  immediately,  thiee  in  a  few  minutes,  and  the  others  in  30 
.seconds,  3  minutes,  and  6  minutes,  respectively. 

DURATION   OF  SICKNESS 

Tables  5  and  G  for  the  (hiration  of  sickness  give  the  time  from  the 
first  symptom  to  the  last,  as  recorded  in  the  experimental  note^.  As 
stated  before,  it  is  probable  that  many  of  the  animals  were  some- 
what sick  before  the  observations  were  made,  and  it  is  also  true  that 
the  actual  period  of  illness  may  have  extended  beyond  the  last-noted 
symptom.  Theiefore,  the  periods  recorded  may  bo  somewhat  less 
than  the  actual  time.  The  sheep  that  received  linseed  oil  are  not 
included  in  Table  5. 
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Table  5. — Duration  of  sickness  in  cattle,  goats,  and  sheep  in  cases  of  Kalmia 

latifolia  poisoning 


Animal 

Hours 

Minutes 

Animal 

Hours 

Minutes 

Cattle; 

No.  1143 

0 

55 

Goat — Continued. 
No.  2  (Aug.  31) 

75 
8 

25 
1 
2 

12 

16 

No.  11361- 

No.  17 

40 

No.  1135- 

24 

46 
26 
29 
11 

32 

20 
14 
18 
27 
15 

8 

Sheep: 

No.  1018 

No.  1140 

13 

No.  1146- 

No.  1028 

10 

No.  1142 

No.  1029--. 

No  1034 

In 

No  1202 

30 

Goat: 

No.  9441      

No.  2  (Aug.  5). 

No.  1027  1 

1  One  observation. 

In  cases  of  poisoning  by  K.  latifolia^  the  maximum  duration  of 
sickness  in  cattle  was  46  hours  and  14  minutes ;  in  goats,  75  hours  and 
16  minutes;  and  in  sheep,  25  hours  and  13  minutes.  The  average 
duration  of  sickness  in  cattle  was  19  hours  and  47  minutes,  and  of  the 
sheep  6  hours  and  51  minutes. 

In  cases  of  poisoning  by  K.  angustifolia^  the  maximum  period  of 
illness  in  cattle  was  72  hours  and  in  the  sheep  122  hours  and  5 
minutes. 

The  average  duration  of  sickness  for  cattle  was  28  hours  and  44 
minutes,  for  sheep  40  hours  and  52  minutes,  and  for  goats  22  hours 
and  35  minutes.  It  is  not  thought  that  any  especial  significance 
attaches  to  the  differences  in  period  between  cattle  and  sheep  on 
account  of  poisoning  caused  by  either  plant. 


Table  0 


-Duration  of  sickness  in  cattle,  goats,  and 
angustifoUa  poisoning 


iheep  in  cases  of  Kalmia 


Animal 

Hours 

Minutes 

1 

Animal 

Hours 

Minutes 

Cattle: 

No.  1151  (Julv  20) 

15 
50 
49 
8 
2 
2 
72 

34 
10 

4 
23 
26 
32 
14 
37 
34 
8 
2 

30 
35 
45 
25 
20 
32 
0 

34 
25 

30 
30 

3 
24 

0 
40 
26 
15 
15 

Sheep— Continued. 

No.  1063  1 

No.  1150 

No.  1069 

49 

2 

2 

49 

9 

59 

33 

34 

74 

50 

32 

53 

26 

120 

74 

82 

122 

82 

45 

No.  1155 

No.  1074 

25 

No.  1151  (Sept.  11) 

No.  1073 

35 

No.  1187 

No.  1083  (Sept.  10) 

51 

No  1199 

No  1093 

34 

No  1159 

No.  1101-       -     - 

42 

Goat" 

No  1103 

50 

No.  11 

No.  1110 

40 

No  15 

No.  1112           -  -  

2 

Sheep: 

No  1090 

No  1117 

25 

No  1120 

57 

No  1092 

No.  1121               

20 

No  1093 

No  1127                         

0 

No  1094 

No  1138 

48 

No  1095 

No.  1146 

0 

No  1083  (Aue  5) 

No.  1107                  -- --- 

27 

No.  1049 

No.  1124 

5 

No  1060 

No.  1130 

38 

No.  1064- 

1  One  observation. 

Comparing  the  effects  of  the  two  plants,  it  seems  apparent  that 
K.  angustifoUa  produces  a  somewhat  more  prolonged  sickness. 

Wlien  a  comparison  is  made  between  the  size  of  the  dose  and 
the  length  of  illness,  it  is  found,  as  may  be  expected,  that  with  some 
exceptions  there  is  a  distinct  correlation;  that  is,  the  larger  doses 
generally  speaking  produced  more  prolonged  illness. 
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Crawford  (10)^  in  1908,  ^ave  data  of  duration  of  illness  in  three 
sheep  poisoned  by  K.  latifolia;  two  of  them  died,  one  in  2  hours  and 
6  minutes,  and  the  other  in  7  hours  and  15  minutes;  the  third  animal 
recovered  in  33  hours  and  15  minutes. 

REMEDIES 
KALMIA  LATIFOLIA 

Many  remedies  have  been  suggested  for  poisoning  by  Kaimia 
latifolia^  some  of  which  are  rather  fanciful.  As  in  practically  all 
cases  of  plant  poisoning,  many  farmers  believe  in  bleeding.  The 
authors  have  known  of  many  using  linseed  oil  with  beneficial  results. 

Thomas  {10)^  in  1802,  found  that  if  lard  was  mixed  Avith  the  laurel 
the  toxic  sym})toms  were  lessened. 

Kafinesque  (77,  v.  2,  p.  J7),  in  1830,  said:  "Sheep,  if  not  soon 
lelieved  by  oil,  will  swell  and  die." 

Grennell,  Bushnell,  and  Knox  (/;i^),  in  1861,  recommended  a 
drench  of  milk  and  castor  oil  wath  pellets  of  lard.  Craw^ford  {10), 
in  1908,  suggested  lard  and  a  purgative  like  Epsom  salt;  he  also 
recommended  apomorphine  hydrochlorate  to  induce  vomiting.  In 
the  National  Stockman  and  Farmer,  in  1922  (1)  a  w-riter  considered 
the  best  remedy  to  be  sweet  milk  and  exercise.  Mrs.  Belle  Miller  of 
Columbia,  S.  C.,  in  correspondence  has  reported  good  results  from 
the  use  of  mineral  oil. 

The  earliest  reference  to  the  use  of  oil  or  grease  as  a  remedy  was 
by  Colden  (,9),  in  1749,  whose  account  may  be  translated  as  follows: 
"  A  ball  of  butter  of  suitable  size  thrust  into  the  throat,  if  given  at 
the  right  time,  is  a  quick  remedy  for  sheep,  as  I  have  proved." 

While  the  autliors,  from  the  literature  on  the  subject,  and  their 
own  experience,  felt  confident  that  the  administration  of  grease  or 
an  oil  could  be  expected  to  aid  poisoned  animals  in  recovery,  it 
seemed  wise  to  try  some  definite  experiments  to  test  it. 

Sheep  1022,  which  died  from  the  effects  of  K.  latifoUa,  received 
a  single  dose  of  120  c.  c.  of  linseed  oil,  which  evidently  w^as  not 
effective.  Later,  six  of  the  experimental  sheep,  Nos.  94(5,  1038, 
1027,  1021,  1008,  and  1000,  were  given  K.  laHfolm  in  doses  from 
0.6  to  0.8  per  cent  of  their  weights.  The  quantities  given  were  larger 
than  the  lethal  dose  of  0.5  per  cent.  Linseed  oil  was  given  to  all 
these  animals  in  a  drench.  In  the  case  of  sheep  Nos.  1038,  946,  100^i. 
and  1027  the  administration  of  oil  was  commenced  immediately  after 
the  feeding  of  tlie  plant.  With  No.  1000  it  was  connnenced  about  23 
hours  after  the  feeding  and  Avith  1021,  l()i/4  liours  after;  both  of  these 
animals  exhibited  symptoms  before  the  oil  was  given.  The  dosage 
of  oil  was  re|)eate(l  at  intervals  varying  fiom  approximately  one 
to  three  hours.  The  total  quantity  o\  oil  given  to  an  animal  varied 
from  300  to'  600  c.  c.  Three  received  300  c.  c,  one  360  c.  c.,  one  390  c.  c, 
and  one  600  c.  c.  Reference  to  Table  1  shows  that  two  aninuils  were 
sick,  one  somewhat  sick,  (me  showed  symptoms,  and  two  were  not 
affec^ted  at  all.  In  as  much  as  all  received  doses  of  the  plant  which 
might  have  been  fatal,  the  experiment  seems  to  be  sufficient  to  prove 
the  beneficial  effect  of  administering  linseed  oil.  Probably  in  the  case 
of  1022,  the  dosage  of  oil  was  too  small  to  prevent  death.     As  to  the 
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quantity  of  oil  which  should  be  given  perhaps  a  desirable  dosage 
would  be  4  fluid  ounces  (120  c.  c),  repeated  at  interval's  of  two  or 
three  hours. 

KALMIA    ANGUSTIFOLIA 

While  there  has  been  no  experimental  work  with  remedies  for 
poisoning  by  sheep  laurel,  oil  doubtless  would  be  equally  effective 
with  this  plant. 

ANIMALS  AFFECTED  BY  THE  PLANTS 

The  published  statements  about  animals  poisoned  by  K.  latifoUa 
and  K.  angustifolia  are  largely  in  relation  to  cattle  and  sheep  and  the 
more  important  losses  have  been  of  these  animals.  Goats  are  readily 
poisoned  by  both  plants,  although  there  is  no  preceding  publication 
stating  that  they  are  poisoned  by  K.  angustifolia.  Chesnut  (6'),  in 
1 898,  was  the  first  to  mention  that  goats  are  poisoned  by  K.  latifolia; 
in  fact,  Castiglioni  (4),  in  1790,  stated  that  goats  eat  it  with  no 
harm.  Probably  the  reason  that  the  poisoning  of  goats  by  these 
plants  was  not  mentioned  earlier  is  that  comparatively  few  goats 
have  been  kept  in  the  regions  where  the  plants  grow. 

Kalm  {15^  v.  i,  f.  336-IfO)^  in  1770,  stated  that  horses  as  well  as 
sheep  and  cattle  are  poisoned  by  K.  latifolia.  Barton  {2)  in  1802 
made  a  similar  statement  and  added  that — 

many  of  General  Braddock's  horses  were  destroyed  by  eating  the  leaves  and 
the  twigs  of  this  shrub,  in  the  month  of  June,  1755,  a  few  days  before  this 
unfortunate  General's  defeat  and  death. 

Later  authors  mention  that  horses  may  be  poisoned,  but  no  specific 
cases  have  been  reported,  and  it  seems  probable  that,  while  horses 
may  be  poisoned,  the  plant  should  not  be  considered  as  particularly 
dangerous  to  them.  No  experiments  of  feeding  the  plants  to  horses 
liave  been  made. 

As  previously  mentioned  experimental  results  have  shown  that  man 
may  be  poisoned  by  both  K.  ang^iistifolia  and  K.  latifolia. 

Kalm  {15)^  in  1770,  stated  that  deer  are  not  affected  by  K.  lati- 
folia., and  this  statement  has  been  repeated  by  some  later  authors. 
The  belief  doubtless  arose  from  the  fact  that  nO'  deer  were  found 
that  presumably  died  from  eating  the  plant. 

Recently  E.  B.  Forbes,  director  of  the  Institute  of  Animal  Nutri- 
tion, and  S.  I.  Bechdel,  professor  of  dairy  research  of  the  Pennsyl- 
vania State  College,  in  cooperation  with  the  Pennsylvania  Board  of 
Game  Commissioners  and  in  consultation  with  the  United  States 
Bureau  of  Biological  Survey,  have  been  carrying  on  some  experi- 
ments in  the  feeding  of  mountain-laurel  and  rhododendron  to  deer. 
In  the  last  few  years  manj^  deer  have  been  found  dead  in  the  Penn- 
sylvania forests,  and  Vernon  Bailey  of  the  Biological  Survey  has 
shown  that  they  had  been  eating  largely  of  the  laurels.  The  results 
obtained  by  Forbes  and  Bechdel  {W)  are  published  in  Bulletin  12 
of  the  Pennsylvania  Board  of  Game  Commissioners.  They  have 
shown  that  deer  may  be  fed  an  exclusive  diet  of  mountain-laurel 
and  rhododendron  for  several  weeks  without  being  poisoned,  but 
that  they  may  be  fatally  poisoned  by  heavy  forced  feedings  of  the 
mountain-laurel. 

Kalm  also  stated  that  grouse  feed  on  the  fruit  of  K.  latifolia  in 
winter  and  are  not  poisoned.    This  has  been  repeated  by  others,  but 
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with  no  experimental  evidence.  From  the  fact  that  doves  have  been 
poisoned  by  andromedotoxin  and  the  lethal  dose  determined,  it 
seems  probable  that  birds  may  be  susceptible  to  the  effect  of  the 
plant.  Cats,  dogs,  mice,  and  rabbits  have  also  been  poisoned 
experimentally  by  andromedotoxin. 

While  from  the  practical  standpoint  of  the  farmer  the  danger 
from  these  plants  has  been  mostly  with  cattle  and  sheep,  losses  of 
goats,  fully  as  great,  may  be  expected  if  they  are  kept  in  any  con- 
siderable numbers  in  the  regions  where  the  laurels  grow. 

CONDITIONS  UNDER  WHICH  POISONING  OCCURS 

While  it  is  evident  that  K.  latifolia  and  K.  angustifoUa  may  be 
considered  to  rank  among  the  more  important  poisonous  plants,  it 
is  also  true  that  the  actual  numbers  of  domestic  animals  killed  by 
the  plants  are  not  very  great.  This  is  in  spite  of  the  fact  that  the 
plants  are  widespread  in  their  distribution  and  in  many  localities 
grow  in  great  profusion.  This  is  especially  true  of  the  K.  latifolia^ 
which  in  the  mountain  districts  is  frequently  found  in  masses.  The 
losses  are  relatively  small  because,  doubtless,  in  common  with  most 
poisonous  plants,  these  laurels  are  not  sought  by  livestock  but  are 
eaten  in  quantity  only  when  other  forage  is  scarce.  Season  after 
season,  cattle  and  sheep  feed  in  pastures  liberally  supplied  with 
laurel,  with  no  harm  whatever  when  the  pastures  have  plenty  of 
feed.  Many  of  the  losses  occur  in  the  spring  after  the  animals  are 
turned  into  pastures  in  which  grasses  and  weeds  have  not  had  time 
to  grow. 

Other  losses  may  occur  later,  if  the  pastures  have  become  over- 
grazed and  little  is  left  but  the  laurels. 

POISONING  BY  FLESH  OF  ANIMALS  WHICH  HAVE  EATEN  KALMIA 

Kalm  {16)  said  that  dogs  were  made  sick  by  eating  the  entrails 
of  deer  which  had  been  feeding  on  K.  latifolia.  It  has  been  reported 
that  persons  have  been  poisoned  through  eating  the  flesh  of  pheas- 
ants and  partridges  that  had  fed  on  Kalmia.  Chesnut  (6*) ,  in  1898, 
experimenting  with  andromedotoxin,  gave  to  a  chicken  doses  which, 
fnmi  experiments  in  other  animals,  might  be  expected  to  be  fatal. 
The  chicken  showed  no  effects;  it  was  then  killed,  the  entrails  re- 
moved, and  the  flesh  boiled.  The  flesh  was  fed  to  two  kittens,  both 
of  which  became  very  sick.  This  experiment  would  seem  to  confirm 
the  belief  expressed  by  others  that  birds  are  not  readily  poisoned 
by  these  plants,  but  that  their  flesh  may  become  poisonous  to  sus- 
ceptible animals. 

SUMMARY 

K.  latifolia  and  K.  angustifolia^  plants  growing  abundantly  in 
the  eastern  part  of  the  United  States,  have  been  recognized  as  lieing 
poisonous  to  livestock  since  the  middle  of  the  eighteenth  century, 
the  first  detailed  description  of  their  effects  having  been  published 
in  1770. 

The  animals  most  affected  are  cattle,  sheep,  and  goats.  Horses 
are  said  to  have  been  poisoned.  Both  men  and  monkeys  may  be 
poisoned. 
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There  is  no  definite  evidence  that  wild  animals  are  ever  poisoned 
from  grazing  on  these  plants,  although  deer  are  susceptible  to  heavy 
forced  feedings  of  mountain-laurel. 

The  actual  losses  are  mainly  of  cattle,  sheep,  and  goats;  for  those 
animals  the  effective  dosage,  the  time  for  development  of  symptoms, 
and  the  duration  of  sickness  have  been  determined. 

Methods  of  avoiding  losses  are  indicated  and  it  is  shown  that  oil 
or  grease  is  an  effective  remedy  in  treating  poisoned  animals. 
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INTRODUCTION 

In  the  high  mountain  lands  of  the  West  are  the  chief  sources  of 
water  supply  in  that  region  for  irrigation,  hydroelectric  power,  munic- 
ipal water  supply,  and  many  other  purposes.  Precipitation  is 
normally  low,  except  at  the  higher  altitudes  where  the  streams  of 
the  region  rise  and  are  fed  by  moisture  from  rain  and  melting  snow. 
Sooner  or  later,  as  the  West  becomes  more  fully  developed,  practically 
every  drop  of  available  water  will  be  needed  and  must  be  conserved, 
and  for  this  reason  those  who  have  the  welfare  of  this  region  at  heart 
are  giving  increasing  attention  to  the  proper  conservation  of  this 
supply  and  to  every  factor  contributing  thereto. 

For  a  long  time  it  has  been  recognized  that  plant  cover  exerts  a 
considerable  influence  on  the  run-off  of  precipitation  and  tends  to 
reduce  the  erosion  of  the  soil  on  sloping  lands.  In  the  Western 
States  especially,  where  watershed  lands  are  generally  used  for  the 
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grazing  of  livestock,  many  are  now  considering  the  part  played  by  a 
herbaceous  plant  cover  in  regulating  run-off  and  preventing  abnormal 
erosion.  In  general,  however,  study  and  experimentation  on  the 
subject  of  the  relationship  between  cover  and  watershed  protection 
have  been  mainly  devoted  to  obtaining  a  fuller  understanding  of  the 
effect  of  a  forest  cover  on  stream  flow  with  the  possibility  in  view  of 
so  regulating  the  forest  cover  as  to  afford  suitable  protection  to  water 
supply  and  soil. 

With  but  few  exceptions,  the  mountain  watersheds  of  the  region 
are  covered  with  herbaceous  and  shrubby  vegetation,  both  on  large 
areas  not  occupied  by  timber  and  also  in  the  less  dense  forest  stands 
in  the  form  of  an  understory.  Of  the  132,000,000  acres  of  Federal 
land  inside  the  national  forests  in  the  Western  States,  about  83,000,000 
acres  are  used  for  grazing.  Of  this  area,  approximately  21,000,000 
acres  may  be  classed  as  open  grassland  and  42,000,000  acres  as  more 
or  less  open  timberland;  the  remaining  20,000,000  acres  consists  of 
woodland,  brush,  burns,  etc.  The  average  number  of  livestock  of 
all  kinds,  including  animals  under  6  months  of  age,  grazed  annually 
on  national-forest  land  in  the  West  during  the  period  1924  to  1928, 
inclusive,  exceeded  13,000,000  head.  The  total  of  mountain  and 
foothill  lands  used  for  grazing  outside  of  the  national  forests  probably 
exceeds  the  grazed  area  inside.  The  vegetation  which  furnishes 
grazing  for  so  many  animals,  as  well  as  the  manner  in  which  it  is 
utilized,  may  well  have  a  decisive  effect  upon  the  control  of  erosion, 
the  regulation  of  stream  flow,  and  the  water-storage  capacity  of  these 
mountain  slopes,  and  thus  upon  the  all-important  water-supply  of  the 
lowlands. 

The  lower  slopes  and  foothills,  although  not  so  important  in  the 
regulation  of  water  supply,  may  require  protection  against  erosion 
to  safeguard  irrigation  development  and  other  enterprises.  While  the 
precipitation  is  less  at  the  lower  altitudes,  conditions  may  be  such  as 
to  cause  abnormally  rapid  erosion  of  the  soil  on  unprotected  hillsides 
and  along  natural  drainage  channels.  The  material  so  removed  may 
fill  storage  reservoirs,  choke  streams  and  irrigation  ditches,  damage 
agricultural  lands,  and  cause  other  economic  losses  on  the  lowlands. 

Maintenance  of  the  forage  resource  itself  may  depend  upon  pro- 
tection of  the  soil  against  erosion,  if  erosion,  following  upon  depletion 
of  the  vegetation,  may  be  regarded  as  the  chief  cause  of  soil  deteriora- 
tion. Certainly,  protection  of  the  soil  on  the  watershed  lands  requires 
full  consideration  if  these  lands  are  to  continue  to  produce  maximum 
crops  of  forage  and  other  plant  resources. 

Disastrous  floods  or  freshets  caused  by  heavy  rains  occur  almost 
yearly  somewhere  in  the  Western  States.  These  floods,  often  origi- 
nating from  heavy  rainstorms  on  the  high  mountain  watersheds,  rush 
down  the  canyons  doing  much  damage  along  the  way  and  at  the 
mouths  of  the  canyons  below.  They  are  commonly  attributable,  at 
least  in  part,  to  the  depletion  by  overgrazing,  fire,  or  other  cause,  of 
the  vegetation  on  land  where  heavy  rainfall  occurs.  The  control  of 
these  floods  is  a  major  watershed  problem. 

With  the  possibility  of  the  existence  of  such  important  relationships 
and  consequences,  it  is  highlj  important  to  know  more  about  this 
mantle  of  low  vegetation  which  serves  both  as  a  covering  for  large 
areas  of  watershed  and  as  a  feed  supply  for  livestock,  and  to  discover 
its  actual  relation  to  run-off  and  erosion.     It  is  generally  recognized 
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that  poorly  regulated  grazing  will  modify  and  deplete  the  plant  cover. 
Accordingly  it  is  essential  to  know  what  precautions  are  necessary  in 
grazing  to  safeguard  the  water  supply  and  prevent  abnormal  erosion 
and  to  be  informed  regarding  the  fullest  use  that  can  be  made  of  the 
forage  growth  on  watershed  lands,  in  order  that  there  be  no  economic 
waste  of  this  resource. 

EARUER  STUDIES  OF  RUN-OFF  AND  EROSION 

Much  literature  is  available  on  the  effect  of  forest  cover  on  run-off, 
erosion,  and  climate.  The  earlier  information  has  been  summarized 
by  Zon  (18),^  who  has  also  compiled  a  bibliography  on  the  subject. 
Munns  (11)  discusses  the  matter  in  some  detail  as  it  applies  in  Cali- 
fornia. More  recently  Bates  and  Henry  {1 )  have  published  a  detailed 
report  on  a  cooperative  experiment  by  the  Forest  Service  and  the 
Weather  Bureau  on  the  influence  of  forest  cover  on  the  water  supply 
in  central  Colorado.  Recent  work  by  Lowdermilk  (10)  shows  the 
tremendous  importance  of  vegetable  matter  on  the  ground  to  assist 
absorption  of  moisture  by  the  soil.  The  problem,  however,  is  so 
involved  that  much  remains  to  be  learned  regarding  the  full  influence 
of  forest  cover  on  the  water  supply;  furthermore,  these  studies  deal 
with  herbaceous  cover  only  incidentally.  Bennett  and  Chapline  (2) 
bring  out  the  importance  of  the  problem  on  range  lands  generally  and 
suggest  certain  measures  for  control,  but  especially  the  need  for 
research. 

Several  investigators  of  forest  and  grazing  land  conditions  in  the 
mountain  regions  of  the  West,  among  them  Leiberg  (9) ,  Gorman  (7) , 
Langille  (8,  p.  40),  Plummer  and  Gowsell  (13),  and  Rixon  (16),  have 
pointed  out  that  overgrazing  was  evidently  responsible  for  the  denu- 
dation of  mountain  slopes,  for  increased  surface  run-off  and  erosion 
of  the  soil,  and  in  some  instances  for  the  reduction  of  mountain  slopes 
to  barren  wastes. 

Reynolds  (14),  in  1910  made  a  study  of  the  relation  of  grazing  to 
floods  in  a  district  of  the  Wasatch  Plateau  in  central  Utah.  He  found 
evidence  to  support  the  theory  that  the  partial  denudation  of  the 
mountain  slopes,  as  the  result  of  the  destructive  grazing  practiced  on 
several  watersheds  between  1880  and  1902,  was  responsible  for  serious 
floods  in  the  years  1888,  1889,  1893,  1896,  1901,  1906,  1908,  1909,  and 
1910.  Grazing  was  greatly  curtailed  in  the  late  nineties  and  has  been 
carefully  controlled  since  on  the  Manti  Canyon  watershed,  one  of  the 
drainages  concerned.  In  August,  1909,  heavy  rainstorms  caused 
severe  floods  in  the  adjacent  canyons  to  both  the  north  and  south  of 
Manti  Canyon,  while  the  latter  was  not  perceptibly  affected.  Manti 
Canyon  had  then  had  the  benefit  of  several  years^  recovery  from 
severe  overgrazing,  whereas  the  adjacent  watersheds  were  still  in  bad 
condition.  Since  1909  no  flood  of  any  consequence  has  occurred  in 
Manti  Canyon,  although  badly  depleted  portions  of  adjacent  water- 
sheds have  had  several  bad  floods. 

The  havoc  wrought  by  floods  at  Farmington  and  Willard,  Utah,  on 
August  13,  1923,  has  been  described  by  Alter  as  reported  by  Frank- 
enfield  (6)  and  by  Paul  and  Baker  (12),  who  attribute  the  floods,  the 
one  at  Farmington  in  particular,  in  a  large  measure  to  destruction  by 
overgrazing  and  fire  of  much  of  the  vegetation  on  parts  of  the  water- 
sheds. 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  70. 
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An  experiment  dealing  with  run-off  and  erosion  on  lands  at  the 
agricultural  experiment  station  of  the  University  of  Missouri,  reported 
by  Duley  and  Miller  (5),  is  indicative  of  the  effect  of  herbaceous 
cover  on  run-off  and  erosion.  In  this  study  seven  plots  were  treated 
differently  as  to  cover.  The  average  percentages  of  precipitation 
that  ran  off  each  year  over  a  6-year  period  were  as  follows : 

Percent 

Bluegrass  sod 11.  55 

Plot  planted  in  rotation  to  corn,  wheat,  and  clover 14.  14 

Plot  planted  to  wheat  alone 26.  19 

Plot  where  corn  was  planted 27.  38 

Soil  plowed  to  a  depth  of  8  inches  annually... 28.  36 

Soil  plowed  to  a  depth  of  4  inches 31.  26 

Bare  soil  not  cultivated 48.  92 

The  soil  eroded  per  acre,  in  tons,  during  the  6-year  period  was  as 
follows : 

Tons 

From  sod 1.  7 

Rotation,  corn,  wheat,  and  clover ^ 13.  7 

Wheat  annually 39.  9 

Corn  annually 106.  5 

Uncultivated  land 207.  8 

Soil  plowed  8  inches  deep 214.  2 

Soil  plowed  4  inches  deep 247.  3 

These  results  show  a  direct  relation  of  plant  cover  to  nm-off  and 
erosion.  The  heavy,  permanent  bluegrass  sod  permitted  by  far  the 
least  run-off  and  erosion,  and  the  greatest  run-off  occurred  on  the 
bare,  uncultivated  soil  and  the  bare  cultivated  soil.  The  greatest 
erosion  occurred  on  the  plowed  soils,  followed  closely  by  the  bare 
un tilled  soil. 

A  very  important  study  of  surface  run-off  and  erosion  in  relation 
to  overgrazing  has  been  carried  on  for  a  number  of  vears  on  the 
Manti  National  Forest.  Following  the  preliminary  stuay  and  report 
on  the  region  by  Reynolds  (14)  in  1910,  Sampson  -  started,  in  1912, 
a  detailed  study  of  the  relation  of  the  herbaceous  vegetation  to  surface 
run-off  and  erosion.  Preliminary  results  were  published  by  Sampson 
and  Weyl  (17).  This  bulletin  covers  the  continuation  of  the  study 
up  to  and  including  1929. 

OBJECT.  LOCATION,  METHOD,  AND  SCOPE  OF  PRESENT  STUDY 

It  is  generally  recognized  that  by  no  means  all  the  water  which 
is  precipitated  over  an  area  of  mountain  land  runs  off  directly  into 
the  mountain  streams,  but  that  this  precipitation  is  disposed  of  in 
various  ways,  as  follows:  A  part  is  intercepted  by  the  leaves  and 
stems  of  the  vegetation  and  b^  the  litter  on  the  ground  and  is  evap- 
orated from  them  into  the  air.  Of  the  precipitation  which  enters 
the  soil,  part  is  evaporated  from  the  surface,  another  part  is  absorbed 
by  plants  and  is  freed  into  the  air  through  the  process  of  transpiration, 
ancl  still  another  portion  filtering  through  the  ground  enriches  the 
ground-water  supply  which  furnishes  the  permanent  stream  flow. 
The  remainder  is  the  run-off,  which  flows  over  the  surface  and  if  not 
absorbed  en  route  reaches  the  valleys  and  streams  below.     The  pres- 

»  A.  W.  Sampson,  former  director  of  the  Great  Basin  Experiment  Station,  had  cliarge  of  the  study  from 
1912  to  1922,  inolusivp.  He  was  lussisted  by  L.  II.  Wcyl  from  1915  to  1918  and  bv  E.  V.  Storm  in  1919  and 
1920.  Thp  writer  hu.s  hud  charKO  of  the  study  since  the  fall  of  1922.  U.  K.  Mnlmston,  formerly  assistant 
director  of  the  Great  Hasin  Experiment  Station,  made  most  of  the  observations  and  assiste<l  in  the  experi- 
ment in  other  ways  from  1921  to  1924. 
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ent  experiment  deals  mainly  with  the  influence  that  the  plant  cover, 
other  than  trees  and  shrubs,  may  have  on  surface  run-off  and  the 
erosion  which  may  accompany  it.  The  set-up  used  does  not  permit 
the  measurement  of  the  disposal  of  all  the  precipitation  that  falls. 
Although  somewhat  restricted  in  value  because  the  other  factors  in 
the  equation,  and  especially  the  interrelation  of  the  factors,  could  not 
be  fully  measured,  the  results  obtained  by  the  method  described  in 
the  following  paragraphs  are  an  important  contribution  to  a  fuller 
understanding  of  erosion  and  watershed  problems. 

In  starting  the  present  study  in  1912  for  the  purpose  of  obtaining 
additional  information  on  the  influence  of  herbaceous  cover  upon 
surface  run-off  and  erosion  of  the  soil  in  relation  to  grazing,  two 
watersheds  882  feet  apart  at  their  nearest  points  were  selected.  The 
first  of  these,  designated  as  A,  totaled  11.244  acres  and  the  second,  B, 
8.972  acres.  Both  were  located  on  the  Manti  National  Forest  in 
central  Utah,  in  the  head  of  the  Ephraim  Canyon  near  the  upper 
limits  of  the  west  slope  of  the  Wasatch  Plateau,  at  an  elevation  of 


Figure  l.— Watersheds  A  and  B  on  the  west  slope  of  the  Wasatch  Plateau  in  central  Utah.  The 
areas  are  located  in  an  amphitheaterlike  basin  near  the  top  of  the  divide  at  approximately 
10,000  feet  elevation 


approximately  10,000  feet.  (Fig.  1.)  It  is  significant  that  the  stream 
draining  this  area  was  originally  a  trout  stream  and  ran  practically 
clear  the  year  around.  In  later  years,  after  overgrazing  depleted  the 
ground  cover  along  its  tributaries,  it  became  annually  laden  with  sed- 
iment cut  from  slopes  and  stream  banks  by  the  heavy  run-off  from 
summer  rains  and  by  the  run-off  from  melted  snow. 

This  is  the  locality  in  which  Reynolds  attributed  increase  in  floods 
to  depletion  of  the  plant  cover  by  heavy  overgrazing  of  sheep  and 
cattle  occurring  as  early  as  1880.  In  1903  Ephraim  Canyon  was  set 
aside  within  what  is  now  the  Manti  National  Forest,  and  grazing 
has  been  under  regulation  since  shortly  thereafter. 

These  two  areas,  small  but  complete  watersheds  in  themselves, 
were  equipped  with  devices  for  measuring  the  precipitation  and  the 
run-off  and  removal  of  sediment  which  resulted.  Dikes  of  dirt  were 
constructed  along  the  boundaries  of  the  areas  w^herever  necessary  to 
prevent  any  slight  inflow  of  run-off  from  the  adjoining  land  or  outflow 
from  the  areas  except  through  the  main  drainage  channel.  Two 
standard  Weather  Bureau  rain  gages  were  placed  on  each  areas,  and  an 
additional  standard  gage  and  an  automatic  tipping-bucket  rain  gage 


6  TECHNICAL  BULLETIN  220,  U.  S.  DEPT.  OF  AGRICULTURE 

were  placed  at  a  central  station  halfway  between  the  two  areas. 
Fifteen  snow  stakes  were  installed  at  selected  places  over  each  water- 
shed for  measuring  snow  depth  and  as  stations  for  determining  the 
water  equivalent  of  the  snow.  A  settling  basin  equipped  with  a 
triangular  90°  weir  and  an  automatic  water  height-stage  recorder  for 
the  measurement  of  run-off  and  sediment  eroded  was  installed  at  the 
lower  end  of  each  erosion  area.  The  settling  basin  at  the  lower  end 
of  A  consisted  of  three  compartments,  the  upper  6  by  12  feet  in  basal 
dimensions  and  56  inches  deep,  the  middle  12  by  12  feet  and  56  inches 
deep,  and  the  lower  12  by  12  feet  and  39  inches  deep,  below  the  bot- 
tom of  the  weir.  The  basin  on  B  consisted  of  two  compartments, 
each  6  by  12  feet  in  basal  dimensions,  the  upper  54  inches  deep  and 
the  lower  39  inches  deep,  below  the  bottom  of  the  weir.  The  pre- 
cipitation during  each  storm  from  July  1  until  winter  snows  occurred 
in  the  fall  was  measured  each  year  from  1915  to  1929,  inclusive. 
The  water  and  sediment  which  reached  the  settling  basins  as  a  re- 
sult of  surface  nm-off  were  also  measured  for  each  of  these  storms. 
Supplemental  records  of  snow  depth  and  water  content  in  the  spring 
and  surface  nm-ofF  and  sediment  removed  by  melted  snow  were  ob- 
tained for  several  of  these  years. 

Observations  of  air  temperature,  sunshine  duration,  wind  velocity, 
and  evaporation  were  made  at  various  intervals  during  the  period  of 
the  study  at  the  central  station.^  Soil  samples  for  moisture-content 
determinations  were  obtained  regularly  three  times  a  month  during 
the  summers  from  1924  to  1929,  inclusive,  at  a  selected  station  on 
watershed  A.  Air  temperatures  were  recorded  by  means  of  a  thermo- 
graph checked  frequently  by  Weather  Bureau  standard  maximum 
and  minimum  thermometers,  yearly  from  about  May  1  until  October 
31,  and  yearlong  in  several  instances. 

The  density  of  the  herbaceous  vegetation  on  the  watersheds  was 
controlled  by  grazing  and  artificial  reseeding.  Throughout  the  period 
from  1915  to  1929,  inclusive,  watershed  B,  which  at  the  outset  had 
a  plant  cover  that  occupied  approximately  40  per  cent  of  the  surface 
of  the  ground,  was  grazed  by  sheep  or  cattle  once  or  twice  each  sum- 
mer, sufficiently  heavily  to  prevent  increase  but  not  so  heavily  as  to 
result  in  decreased  density  of  the  vegetation.  Watershed  A,  which 
had  only  a  16  per  cent  cover  to  begin  with  (pi.  1,  A),  was  grazed 
from  1915  to  1919,  inclusive,  in  the  same  manner  as  B.  During  the 
subsequent  5-year  period  (1920-1924,  inclusive),  A  was  not  grazed  at 
all,  the  vegetation  was  left  to  improve  as  rapidly  as  it  might  under 
natural  conditions,  and  in  addition  a  small  quantity  of  seed  of  violet 
wheatgrass  {Agropyron  violaceum)  and  many-flowered  bromegrass 
(Bromus  polyanthus)  was  sown  over  approximately  one-half  acre  near 
the  upper  end  of  the  area.  Under  this  method  of  treatment  the 
density  of  the  vegetation  on  A  increased  from  16  to  40  per  cent  of 
a  complete  cover  from  1920  to  1924.  (PI.  1,  B.)  In  1925,  A  was 
grazed  very  lightly  by  a  few  head  of  cattle  during  September,  and  in 
1926  there  was  no  grazing.  In  1927,  1928,  and  1929,  this  watershed 
was  grazed  moderately  by  sheep  once  in  late  September  or  early 
October  of  each  year,  after  the  herbaceous  vegetation  had  fully  ma- 
tured. Such  grazing  at  that  time  of  the  jyear  was  not  severe  enough 
to  injure  the  vegetation,  and  the  trampling  of  the  animals  aided  m 

>  Records  of  sunshine  duration,  wind  velocity,  and  evaporation  were  obtained  only  during  the  summer 
months  in  several  years. 
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planting  the  seed  crop.  There  was  practically  no  change  in  the  den- 
sity of  the  cover  from  1924  to  1929,  although  during  this  period  there 
was  a  material  increase  in  the  grasses  at  the  expense  of  the  other  herba- 
ceous plants.  The  dates  of  grazing  and  the  class  of  stock  grazed  are 
shown  in  Table  1.  Grazing  with  sheep  was  by  a  band  of  ewes  and 
their  lambs,  which  were  placed  on  the  areas  on  the  dates  shown  and 
left  until  the  desired  utilization  of  the  vegetation  had  been  attained. 
The  cattle  used  were  of  mixed  age  classes. 

Table  1. — Dates  of  grazing  watersheds  A  and  B  and  class  of  livestock ,  1914-1929 


Year 

Are?.  A 

Area  B 

Class  of 
stock 

Year 

Area  A 

Area  B 

Class  of 
stock 

1914 

Aug.  10 
Aug.     2 
Aug.     8 
Aug.  15 
Aug.  17 
July    28 

Aug.  11 

Aug  3 

Sheep. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

1925 

1926 

1927 

1928 

r 

Aug.  19--       

Sheep. 

1915 

\Sept.  15 

Cattle. 

1916 

Aug.  land  9  I 

Aug.  16 

Aug.  18 

July  27 

July  14-17 

Do. 

1917 

1918 

1   ...... 

Aug.  13 

Aug.  2-4 

"juiy'lfr-is". -!'--' 

Sheep. 
Cattle. 

1919 

\Sept.  24 

Sheep. 

1920 

Aug.  5  

Cattle. 

1921  -        1 

July  31 

Aug.  9     

Do. 

1922            ! 

Aug.  14 

Aug.  17-     

1929. 

loct.     2 
loct7"2' 

Sheep. 
Cattle. 

1923 ! _. 

July  22 

1924.          1 

Aug.  16 

Oct.  1-2 

Do. 

1 

Sheep. 

Grazing  was  not  sufficiently  heavy  on  Aug.  1. 

PHYSIOGRAPHIC  FEATURES  OF  THE  AREAS  SELECTED 


GEOLOGY  AND  TOPOGRAPHY  < 

The  part  of  the  Wasatch  Plateau  on  which  the  experimental  water- 
sheds are  situated  is  a  great  uplift  or  plateau.  The  upper  geologic 
formation  here  belongs  to  the  Wasatch  formation,  probably  of  the 
Eocene  period  of  the  Tertiary  age.  The  strata,  which  lie  practically 
horizontal  in  this  locality,  are  of  sedimentary  origin  and  are  believed 
to  have  been  collected  in  basins  or  low  areas  in  great  fresh-water 
lakes.  The  beds  consist  of  alternate  layers  of  limestone  and  greenish 
and  grayish  clay,  with  a  smaller  amount  of  sandstone,  and  thin  beds 
of  brownish,  very  thinly  laminated  bituminous  shale. 

The  Wasatch  Plateau  in  this  locality  breaks  off  rather  abruptly 
to  the  west.  The  stream  in  Ephraim  Canyon  rises  at  10,300  feet 
elevation  and  drops  to  5,900  feet  at  the  edge  of  San  Pete  Valley 
about  7  miles  below.  Thus,  the  average  gradient  is  approximately 
630  feet  to  the  mile.  The  main  tributaries  of  this  stream  head  in 
open,  amphitheaterlike  drainage  basins  cut  back  into  the  upper  part 
of  the  plateau.  The  experimental  areas  are  located  near  the  upper 
edge  of  the  drainage  basin  formed  by  the  right  fork  of  Ephraim 
Canyon. 

The  topography  of  the  experimental  areas  is  best  shown  by  a 
contour  map.  (Fig.  2.)  Several  differences  may  be  noted  between 
the  two.  As  shown  by  the  profiles  in  Figure  3,  the  main  general 
slope  on  A  is  shghtly  steeper  than  on  B.  The  former  has  an  average 
gradient  of  18.47  feet  and  the  latter  of  16.34  feet  in  each  100  feet  of 
horizontal  distance.  In  addition,  a  ravine  traverses  watershed  A 
parallel  to  the  general  slope.     The  sloping  sides  of  this  ravine  ma- 

*  Geology  compiled  from  U.  S.  Geological  Survey  Professional  Paper  111  (5),  a  soil  survey  by  J.  O. 
Veatch,  and  observations  of  the  author. 
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PROFILE     I 


PROFI  LE  in 


''"too 


FiouRK  2.  — Watcrshwl.s  A  and  H,  showing  topographic  fcatunvi 
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terially  increase  the  run-off  area  over  that  on  B,  where  no  such  ravine 
occurs  and  the  slope  is  all  in  one  direction.  Moreover,  a  well-de- 
veloped system  of  ''shoestring"  gullies  come  into  the  central  drainage 
channel  on  A  at  various  angles.  Such  gullies  are  fewer  in  number 
onB. 

SOILS  5 

The  soils  on  the  two  experimental  areas  are  similar  in  origin,  being 
derived  directly  by  disintegration  and  decomposition  from  the  under- 
lying beds  of  limestone  and  clay  and  thin  beds  of  brownish,  finely 
laminated,  bituminous  shale.  A  thin  bed  of  calcareous  fine  sand- 
stone which  is  present  seems  to  have  exerted  little  influence  on  the 
texture  of  the  soil.     Such  soil  difterences  as  exist  between  the  two 
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Figure  3.— Profilorr^of  watersheds  A  and  B  corresponding  to  those  shown  (I,  II,  and  III)  on 

Figure  2 

areas  are  due  g^aainly  to  the  degree  of  the  recent  erosion,  which  has 
been  more  sevete  on  A  than  on  B. 

The  soils  are'  mainly  clay  and  clay  loam,  with  more  or  less  gravel 
content.  Texture  and  structure  are  influenced  greatly  by  the  under- 
lying geologic  members  but  on  the  slopes  have  been  modified  by 
erosion.  The  structure  is  either  loose  or  friable  in  the  fighter  soils 
or  granular  or  crumby  in  the  heavy  soils.  In  spots  where  there  has 
been  comparatively  recent  erosion  and  the  subsoil  clay  of  lower 
organic  content  has  been  brought  to  the  surface,  this  clay  on  drying 
tends  to  break  down  into  comparatively  hard  small  fragments, 
quite  different  from  the  prevailing  granules  on  the  less  eroded  soil, 
which  are  easily  crushed  with  the  fingers.  A  fair  amount  of  hmnus 
and  probably  a  fairly  high  percentage  of  mineral  plant  food  are 
present  except  in  the  more  eroded  phases. 

The  soils  are  classified  into  divide  soils  and  slope  soils  for  con- 
venience of  mapping  and  description.     (Figs.  4  and  5.)     The  divide 


»  The  discussion  of  soils  is  adapted  from  an  unpublished  report  on  ?  field  study  in  1919  by  J.  0.  Veatch 
of  the  then  Bureau  of  SoiJs,  with  certain  revisions  by  the  author  and  others,  especially  in  connection  with 
tha  structural  behavior  of  the  soils  and  the  relation  of  this  behavior  to  erosion,  as  suggested  in  1928  by 
H.  H.  Bennett  and  H.  E,  Middleton,  of  the  Bureau  of  Chemistry  and  Soils. 
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soils,  27,  45,  and  37,  are  mainly  residual.     Soil  27  i^  of  limestone 
origin  with  rock  fragments  from  fine  gravel  to  stone  size  studding  the 


Figure  4.— Soil  map  of  experimental  watershed  A:  Divide  soils— 27,  gravelly  loam;  45,  gravelly 
clay  loam;  37,  clay.  Slope  soils— 0,  clay;  4,  clay,  deeply  eroded  phase;  20,  clay  loam;  36,  gravelly 
clay  loam;  47,  stony  and  gravelly  clay;  14,  gravelly  loam;  32,  clay,  alluvial  wash 

surface,  has  an  open  porous  structure,  and  shows  a  good  content  of 
humus  to  a  depth  of  12  to  15  inches,  resting  for  the  most  part  upon 
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the  bedrock.     The  rock  fragments  on  the  surface  afford  some  pro- 
tection against  water  erosion  and  packing.     In  places  the  subsoil  of 


Figure  5.— Soil  map  of  experimental  watershed  B:  Divide  soils— 27,  gravelly  loam;  45,  gravelly 
clay  loam;  37,  clay.  Slope  soils— 9,  clay;  4,  clay,  deeply  eroded  phase;  20,  clay  loam;  35,  gravelly 
clay  loam;  47,  stony  and  gravelly  clay;  14,  gravelly  loam;  32,  clay,  alluvial  wash 


27  has  the  character  of  loam,  consisting  of  a  mixture  of  silty  clay, 
partly  decomposed  limestone,  and  fragments  of  hmestone,  giving  a 
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friable  character.  Soil  37  is  derived  from  shale  and  highly  argil- 
laceous limestone.  It  is  granular  when  dry,  is  low  in  humus,  has  a 
moderately  friable  topsoil,  and  is  shallow,  generally  less  than  2  feet 
in  depth  over  the  bedrock.  Soil  45  is  gravelly  clay  loam,  is  similar  in 
origin  to  37  but  differs  in  having  a  considerable  percentage  of  angular 
gravel  of  Umestone,  flint,  and  shale  scattered  over  the  surface,  a  con- 
dition which  produces  a  slightly  more  open  and  friable  consistence 
in  th(^  top  3  or  4  inches  of  soil.  This  soil  is  thin;  the  depth  to  bed- 
rock does  not  exceed  12  to  15  inches  and  is  in  places  not  more  than  3 
to  4  inches.  Shale  outcrops  in  places.  There  is  but  Uttle  evidence 
of  gullying  and  but  slight  rill  erosion  on  the  divide  soils,  owing  prob- 
ably to  the  low  gradient.  It  is  probable  that  the  thinness  of  the  soil 
mantle  is  due  in  large  measure  to  wind  erosion,  although  sheet 
erosion  by  water  may  have  cut  down  the  surface  somewhat. 

The  slope  soils  (9,  4,  20,  35,  47,  14,  and  32)  are  influenced  in  tex- 
ture and  structure  mainly  by  an  imderlying  clay  or  shale  formation, 
but  since  much  of  the  soil  and  rock  fragments  have  been  brought  down 
from  higher  to  lower  levels  mainly  by  erosion,  they  are  not  purely 
residual  with  respect  to  the  immediate  underlying  rocks.  The  prin- 
cipal rocks  underlying  the  slope  soils  consist  of  calcareous  clay  or 
mudstone  and  clay  shale  together  with  some  interbedded  thin  lime- 
stone. On  weathering  a  stiff,  plastic,  relatively  impervious  fine- 
grained clay  is  formed,  and  as  a  result  the  slopes  are  heavy  in  texture, 
especially  in  the  subsurface  layer.  Where  the  topsoil  or  humus  layer 
has  been  largely  removed,  there  has  not  only  been  a  serious  loss  in 
the  nitrogen  and  readily  available  mineral  plant  food,  but  the  soil, 
robbed  of  the  humus,  has  a  lowered  capacity  for  absorbing  and  re- 
taining moisture. 

Soil  20,  a  silty  clay  loam,  represents  the  normal  heavy  soil  of  the 
slopes.  It  has  not  been  seriously  eroded.  The  structure  and  high 
humus  content  have  been  influenced  by  a  grass  cover  which  has  evi- 
dently been  present  for  a  long  period.  This  soil  has  a  surface  layer 
one-half  inch  to  2  inches  in  depth  that  is  relatively  high  in  organic 
matter,  a  condition  favorable  to  ready  absorption  of  precipitation. 
This  surface  layer,  on  drying,  assumes  a  decidedly  granular  structure, 
the  aggregates  being  flocculated  and  easily  crushed.  The  easy  crush- 
ing of  the  granules,  the  free  porosity  that  goes  with  ^anular  soils, 
and  the  good  supply  of  spongy  humus  create  a  condition  favoring 
the  retention  of  moisture.  These  physical  conditions  reduce  in  some 
degree  the  susceptibility  to  erosion  of  all  the  soils.  Below  this  sur- 
face layer  the  succession  of  lay^ers  through  the  profile  is  as  follows: 
4  to  6  inches  of  clay  with  considerable  organic  matter;  2  to  4  feet  of 
raw  subsurface  clay  with  a  fair  content  of  decomposed  bedrock,  and 
gravel  and  stones  where  the  soil  is  of  purely  colluvial  origin,  a  high 
lime  content,  and  no  humus :  and  finally,  bedrock  of  the  imweathered 
geologic  formation. 

Soil  9,  a  clay  type,  is  a  more  or  less  eroded  phase  of  the  clay  loam 
type  (20).  As  erosion  advanced,  the  tougher,  rawer,  less  porous 
subsoil  was  exposed  or  brought  verj^  close  to  the  surface  and  took  the 
place  on  the  surface  of  the  mellow  original  topsoil  removed  by  erosion. 
This  exposed  subsoil  is  susceptible  to  packing  or  puddling  under 
heavy  grazing,  especially  during  wet  weather.  Upon  severe  drjang 
the  greater  part  of  it  assumes  a  granular  structure  to  a  depth  of 
approximately  1  inch.     Along  with  the  granules,  especially  m  the 
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more  deeply  eroded  spots,  are  some  hard  fragments  not,  as  a  rule, 
present  in  the  surface  soil  of  20.  These  fragments  result  in  a  greater 
looseness  in  the  immediate  surface  layer. 

This  condition  of  low  coherency  of  the  aggregates  and  fragments 
is  more  favorable  to  erosion,  especially  on  steep  slopes,  than  is  a 
more  mellow  and  spongelike  condition  of  the  topsoil.  Under  such 
conditions  there  is  some  tendency  for  the  aggregates  and  fragments 
to  be  swept  along  intact  by  run-off.  This  movement  of  the  particles 
by  flowing  water  tends  to  decrease  as  the  particles  absorb  more  water 
and  melt  down  toward  a  condition  of  pastiness.  On  thorough  wetting, 
both  the  granules  and  fragments  tend  to  coalesce  to  a  pasty  consist- 
ence which  prevents  the  soil  from  absorbing  water  readily  and  renders 
it  less  erosive  than  in  the  preceding  stage  of  incoherency.  In  the 
more  eroded  and  barren  spots  where  the  clay  is  stiffer,  the  soil  upon 
desiccation  during  protracted  dry  periods  shrinks  and  cracks,  forming 
fissures  which  under  extreme  conditions  are  as  much  as  18  inches  in 
depth  and  approximately  2  inches  in  width  at  the  top.  Obviously 
these  cracks  receive  a  considerable  proportion  of  the  first  heavy  rain- 
fall. In  other  spots  this  soil,  on  drying,  is  decidedly  crusty  to  depths 
ranging  to  1  inch,  and  the  crusted  material  is  moderately  hard. 

Soil  4  is  a  phase  of  the  clay  loam  (20)  type  but  has  been  eroded  to 
a  point  where  the  humous  soil  has  been  entirely  removed,  exposing  the 
raw  subsurface  clay  or  even  bedrock.  This  soil  on  drying  assumes  a 
granular-fragment al  structure,  i.  e.,  a  mixture  of  easily  crushed  granules 
or  crumbs  and  hard  angular-shaped  fragments.  In  this  soil  there  ap- 
pears to  be  generally  a  larger  proportion  of  the  hard  fragments  than  in 
any  of  the  other  types.  A  result  of  this  condition  is  that  on  the  steeper 
faces  of  the  gullies  there  is  considerable  gravitational  creep  or  falling 
down  of  the  loosened  material  into  the  bottoms  of  the  gullies.  When 
a  heavy  rain  comes,  this  accumulated  material  is  swept  rapidly  down 
the  gullies.  Thus  a  dual  type  of  erosion  is  going  on,  consisting  of  the 
breaking  away  or  crumbling  down  of  particles  in  the  dry -soil  stage  and 
a  subsequent  sweeping  out  by  water.  As  the  crumbling  process  ad- 
vances, the  angle  of  the  gully  faces  is  gradually  decreased  and  under 
favorable  conditions  approaches  the  angle  of  repose  for  the  loosened 
material,  giving  sufficient  soil  stability  for  plants  to  take  foothold. 

Higher  up  on  the  slope,  just  below  the  plateau  crest,  the  soil  is  a 
gravelly  loam  or  silt  (14)  consisting  mainly  of  wash  and  creep  from 
the  divide  soils  and  the  underlying  limestone,  with  some  admixture 
from  the  clay  beds  of  the  slope.  It  is  well  supplied  with  humus  in 
the  upper  layer,  with  angular  rocks,  mainly  of  limestone  varying  in 
size  from  fine  gravel  to  stone,  present  in  sufficient  quantity  to  produce 
a  loose,  open  structure.  This  soil  absorbs  moisture  fairly  w^ell  and  in 
most  instances  is  not  eroded,  the  rock  fragments  to  some  extent 
preventing  rapid  erosion.  The  depth  to  bedrock  is  3  to  6  feet.  Soil 
35,  a  gravelly  clay  loam  or  silt,  differs  from  14  in  the  heavier  texture 
of  the  surface  soil  and  possibly  in  having  a  thinner  topsoil  or  humous 
layer.  In  soil  type  47,  a  stony  and  gravelly  cla}^,  the  surface  is  a 
clay  loam,  more  compact  and  less  pervious  or  friable  than  that  of 
the  gravelly  loam  (35)  type.  It  is  more  eroded,  and  the  humous  layer 
is  shallower.  The  finer  wash  of  the  slope  has  been  deposited  in  a 
small  flat  and  a  small  depression  on  area  A  to  form  soil  32,  a  fairly 
deep  alluvial-wash  clay  soil  which  holds  moisture  well  and  supports, 
a  good  stand  of  vegetation. 
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There  was  a  moderate  infestation  of  pocket  gophers  in  all  except 
the  most  rocky  soils.  These  rodents  dug  their  tunnels  a  few  inches 
imder  the  surface  and  threw  up  mounds  of  earth  at  intervals.  Their 
number  was  reduced  by  poisoning  on  several  occasions  after  1923. 
The  infestation  and  disturbance  of  the  soil  were  approximately  equal 
on  both  areas  at  all  times. 

In  general  it  may  be  said  that  the  low  gradient  of  soils  27,  32,  45, 
and  37  and  the  fairly  open  structure  of  the  first  three  are  favorable 
for  fairly  rapid  absorption  of  water  and  low  surface  run-off.  Soils 
20,  14,  and  35  are  similarly  favorable,  owing  to  their  high  humus 
content  and  open  structure.  Soils  4,  9,  and  47,  on  the  other  hand, 
having  a  steeper  slope,  a  more  compact  consistence,  and  a  tendency 
to  pastiness  when  wet,  are  poorly  susceptible  to  rapid  absoiption  of 
precipitation  and  are  more  conducive  to  high  surface  run-off.  In  the 
last-named  group,  the  granular  and  fragmental  condition  and  low 
coherency  of  the  aggregates  and  fragments  on  drying  are  properties 
favorable  to  erosion  when  the  soil  is  dry  at  the  outset  of  a  storm,  but 
these  are  offset  to  some  extent  by  the  tendency  of  the  granules  to 
melt  and  coalesce  and  to  become  stiff,  plastic,  and  sticky  when  thoi- 
oughly  wet,  thus  creating  a  condition  which  perhaps  renders  these 
soils  less  susceptible  to  rapid  erosion  than  those  composed  of  less 
adhesive  particles.  As  shown  in  Table  2,  65.7  per  cent  of  the  surface 
of  watershed  A  is  occupied  by  the  soils  with  conditions  favorable  to 
rapid  run-off,  and  only  11.5  per  cent  of  the  surface  of  watershed  B  is 
occupied  by  such  soils. 

Table  2. — Areas  of  soil  types  favorable  and  not  favorable  to  rapid  run-off 

SOILS  WITH  CONDITIONS  FAVORABLE  TO  RAPID  RUN-OFF 


Soil  type 

Area  on  watershed  A 

Area  on  watershed  B 

9 

Acres 
5.844 

.822 
.726 

Per  cent 
52.0 
7.3 
6.4 

Acres 
0.902 
.026 
.100 

Percent 
10.1 

4 

.3 

47 

1.1 

Total 

7.392 

65.7 

1.028 

11.5 

. 

SOILS  WITH  CONDITIONS  NOT  FAVORABLE  TO  RAPID  RUN-OFF 


27 

1.193 

10.6 

0.094 
2.893 
1.242 
1.297 
1.021 
1.397 

1.0 

45 

32.2 

37 

13.8 

20 

.168 
.513 
1.829 
.149 

1.6 

4.6 

16.3 

1.3 

14.5 

14 

11.4 

36.  .                 

15.6 

32 

Total 

3.852 

34.3 

7.944 

88.5 

The  soil  types  on  watershed  A  give  evidence  of  the  extent  of  erosion 
traceable  to  overgrazing  before  the  Manti  National  Forest  was  created. 
All  of  the  one-half  to  2  inches  of  spongy  humous  layer  occurring  at  the 
surface  of  type  20  and  varying  quantities  of  the  4  to  6  inches  of  clay 
with  considerable  organic  matter  in  the  next  horizon  had  been  eroded 
off  of  type  9  which  occupies  5.844  acres  or  52  per  cent  of  the  total  area 
of  A.  One  to  several  feet  of  soil  had  been  removed  on  type  4, 
occupying  0.822  acre  or  7.3  per  cent  of  the  surface  along  the  main 
gullies  of  watershed  A.  A  few  inches  to  3  feet  of  soil  had  been  removed 
where  the  several  large  guUies  had  been  eroded  on  B. 
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It  was  observed  that  trampling  by  livestock  while  grazing  caused 
only  temporary  packing  of  the  soil.  On  the  soils  lacking  in  humus 
crowding  the  animals  when  the  ground  was  wet  caused  more  or  less 
puddling  and  packing.  All  the  other  soils  when  moist  were  only 
slightly  compacted  under  close  grazing.  Such  effects  were  overcome 
by  the  alternate  freezing  and  thawing  of  the  surface  soil  in  the  fall 
before  winter  snow  came  and  during  nights  with  freezing  temperature 
in  the  spring  just  after  the  snow  melted;  and  also  by  the  shrinking  and 
swelling  of  the  soil  through  alternate  dryings  and  wettings  during  the 
summer.  By  early  summer  of  each  of  the  five  years  that  A  was  not 
grazed,  it  was  impossible  to  note  any  difference  in  the  compactness  of 
the  soil  on  the  two  areas,  although  B  was  grazed  each  year. 

VEGETATION 

The  vegetation  on  both  of  the  experimental  watersheds  was  mapped 
in  1912  and  1924,  and  again  on  A  in  1928  and  on  B  in  1929. 

WATERSHED  A 

A  check  survey  was  made  every  one  or  two  years  between  the  more 
intensive  mappings  to  observe  the  changes  that  were  taking  place. 
There  was  no  material  change  in  the  density  of  vegetation  on  the 
ground  of  A  from  1912  to  1915,  when  the  intensive  run-off  observations 
were  started,  or  to  the  end  of  1919,  when  grazing  was  discontinued 
for  a  period  of  years,  except  as  occurred  temporarily  from  variation 
in  climatic  conditions  from  year  to  year.  Some  minor  changes  in 
the  relative  abundance  of  the  plant  species  occurred  on  A,  but  these 
did  not  materially  influence  the  density  of  the  cover.  Although 
grazing  was  discontinued  in  1920,  there  was  no  change  in  the  vegeta- 
tion in  that  year.  Accordingly,  in  studying  the  effects  of  density  of 
vegetation,  1920  is  included  with  the  earlier  years.  By  1924,  the  year 
in  which  a  detailed  survey  was  made,  the  density  of  the  vegetation 
on  A  had  improved  to  40  per  cent  of  a  complete  cover.  The  density 
of  the  cover  remained  practically  stationary  on  A  from  1924  to  1929, 
inclusive.  The  character  and  density  of  the  vegetation  in  1912  and 
1924  are  shown  in  Figures  6  and  7,  respectively.  In  addition  to  the 
improvement  in  density  of  the  vegetation  from  1920  to  1924,  marked 
changes  took  place  in  the  abundance  of  the  various  herbaceous  plant 
species  on  this  area. 

The  vegetation  on  watershed  Ain  1912  was  characterized  by  such 
plant  species  as  yarrow  {Achillea  lanulosa)  and  knotweeds  (Polygonum 
spp.),  and  other  annuals  with  lesser  amounts  of  Rydberg  pentstemon 
(Pentstemon  rydhergii),  barbey  larkspur  {Delphinium  barbeyi),  sweet 
sage  {Artemisia  imcompta),  Nevada  bluegrass  {Poa  nevadensis) , 
violet  wheatgrass,  and  Letterman  needle  grass  {Siipa  lettermani). 
Clumps  of  wild  currants  {Ribes  spp.)  predominated  on  several  small 
portions.  There  were  several  clumps  of  alpine  fir  {Abies  lasiocarpa) 
and  bunchberry  elder  {Sambucus  microbotrys).  This  vegetation  in 
general  indicated  badly  depleted  conditions.  Knotweed  belongs  in 
the  early  stages  of  plant  succession  and  such  species  as  yarrow,  sweet 
sage,  and  Rydberg  pentstemon  occur  in  the  intermediate  stage  {16), 

With  the  exception  of  the  wild  currant  and  the  few  clumps  of  alpine 
fir  and  elder,  which  had  changed  but  very  little,  there  was  little 
similarity  between  the  plant  types  on  A  in  1924  and  in  1912.     (PL  1, 
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YARROW- NEEDLE  GRA35  -CINQUEFOIL  BnimmiTI^  LARKSPUR  -  PENTSTEMON- KNOTWEED 

YARROW  -  KNOTWEIED  BSCT    VELLOW  BRU3H- SWEET  SAGE  -VETCH 

I         'I   PENTSTEMON -LARKSPUR-SWEET  SAOE  l'l!l!l:l!l!ll    ELDER 

V/////^    WILD   CURRANT- YARROW  W.'.VA    ALPINE    FIR 


^      DENSITY  or  VEGETATION 

Figure  6.— Plant  types  and  density  of  vegetation  on  watersheds  A  and  B  in  1012 


NEVADA    BLUEGRAS5-WHEATGIU8S- 
NEEDLEORA5S 


A  and  B.)     The  dominant  plants  in  order  of  abundance  in  the  types 
in  1912  and  on  the  same  areas  in  1924  were  as  follows: 


1912 

Yarrow,     needle      grass,      cinquefoil.* 
Yarrow,  knotweed. 


Pentstemon,  larkspur,  sweet  sage. 
Wild  curiant,  yarrow. 
Nevada  bluegrass,   wheatgrass,   necdlt 
grass. 

•  Mountain-dandelion  =  /l(;oafrJ»put/u7n.    Dandelion- Lron/orfon^araroctim.    C inquefoil=Po/f «/i//a  sp 


1924 

Wheatgrass. 

Sweet       sage,       niountain-dandelion,' 

wheatgrass,    many-flowered    brome- 

grass. 
Wheatgrass,  pentstemon,  sweet  sage. 
Dandelion,^  sweet  sage. 
Nevada  bluegrass,  wheatgrass. 
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PLATE  1 


A,  Watershed  A  in  1915.  At  that  time  the  herbaceous  and  oilier  vegetation  covered  only  16  per  cent 
of  the  surface  of  the  ground,  as  the  result  of  past  overgrazing;  B,  Watershed  A  in  1924  after  4  years 
of  improvement.  The  herbaceous  vegetation  had  increased  until  it  occupied  40  per  cent  of  the 
surface  of  the  ground.    There  was  very  little  change  in  the  amount  of  shrub  or  tree  growth 
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PLATE    2 
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The  trend  of  succession  of  the  plant  species  on  A  was  from  a  lower 
to  a  higher  stage.  The  early-stage  weeds  such  as  knotweed,  with 
thin  restricted  root  systems  of  low  value  for  binding  the  soil,  had  been 


pm^ 


YARROW-NEEDLE  GRASS  -  WHEATGRASS 
YARROW- FALSE  CYMOPTERUS-DANDEUON 
NEVADA   BLUEGRASS-WHEATGRA55-YARR0W 
SWEET  SAGE- YARROW-KENTUCKY  BLUEGRASS 
WHEATGRA55-PENT5TEM0N-5WEET   SAGE 

ELDER  

NEVADA  BLUEGRASS-WILD  CURRANT-WHEATGRAS5  I'.'.M    ALPINE  FIR 
DENSITY  OF  VEGETATION 


lllllllHl   DANDELION-SWEET  SAGE -CURRANT 
V/.-Z-yA    WHEATGRASS -MANY-FLOWERED  BROME 
R.-^-'S.y.-l    MOUNTAIN-DANDELION-YARROW-SWEET  SAGE 

SWEETSAGE-MOUNTAIN-DANDEUON-LARKSPUR 

WILD  CURRANT-WHEATGRASS 

WHEAT6RA5S-WILD  CURRANT 


T%' 

Figure  7.— Plant  types  and  density  of  vegetation  on  watersheds  A  and  B  in  1924 

displaced  almost  entirely  in  1924  by  such  perennials  as  sweet  sage, 
rnountain-dandelion,  wheatgrass,  and  many-flowered  bromegrass, 
which  have  extensive  fibrous  root  system  of  high  soil-binding  value. 
Wheatgrass  had  increased  at  the  expense  oi  the  perennial  weeds  in 

19287°— 31 2 


18         TECHNICAL  BULLETIN  220,  U.  S.  DEPT.  OF  AGRICULTURE 

some  types.  Although  there  was  no  increase  in  density  of  the 
vegetation  from  1912  to  1920,  some  of  the  successional  changes  took 
place,  especially  in  the  latter  part  of  the  period.  Many  spots  which 
were  bare  in  1919  were  partially  clothed  with  vegetation  by  1924, 
and  the  density  on  spots  that  were  thinly  vegetated  had  been  materi- 
ally increased.  Certain  of  the  species,  especially  many-flowered 
bromegrass  and  mountain-dandelion,  became  established  along  the 
sides  and  in  the  bottoms  of  many  of  the  gullies. 

The  changes  in  vegetation  on  A  from  1924  to  1928  were  less  marked 
than  before  1924.  They  consisted  chiefly  of  an  increase  in  the  pro- 
portion of  perennial  grasses  and  some  perennial  weeds.  Many- 
flowered  bromegrass,  in  particular,  occupied  between  two  and  three 
times  as  much  area  in  1928  as  it  did  in  1924.  Each  year,  seed 
from  the  plants  established  by  artificial  reseeding  in  1920  was  dissemi- 
nated over  some  of  the  more  depleted  portions  of  the  area  and  many 
new  plants  became  established.  Wheatgrass,  also,  re  vegetated 
naturally  and  increased.  Mountain-dandelion,  sweet  sage,  and 
pentstemon  declined  slightly  in  area  occupied.  Dandelion  and 
several  of  the  minor  perennial  weeds  increased.  Wild  currant  and 
elder  changed  very  little.  A  number  of  wild  currants  transplanted  on 
barren  spots  in  1920  survived  but  failed  to  spread  during  the  following 
nine  years.  The  lack  of  any  improvement  in  the  density  of  the 
vegetation  as  a  whole  from  1924  to  1928  is  believed  to  be  due  to  the 
fact  that  rainfall  was  14  per  cent  below  average  for  the  period,  as  a 
result  of  unusual  lows  in  1924,  1926,  and  1928.  Such  changes  in 
cover  as  have  occurred  are  from  a  lower  to  a  higher  stage  of  plant 
succession. 

WATERSHED  B 

The  boundaries  and  the  density  of  the  main  types  on  B  have 
changed  much  less  than  on  A.  The  main  changes  have  occurred  in 
the  rank  of  predominating  plant  species.  The  dominant  plants  in 
the  types  in  1912  and  on  the  same  areas  in  1924  were  as  follows: 


1924 

Yarrow,  false  cymopterus,^  dandelion. 
Wheatgrass,  sweet  sage,  pentstemon. 
Nevada    bluegrass,    wheatgrass. 
Wheatgrass. 

Sweet   sage,    yarrow,    Kentucky   blue- 
grass.^ 
Yarrow,  needle  grass,  wheatgrass. 


1912 

Yarrow,  needle  grass,  cinquefoil. 
Pentstemon,  larkspur,  sweet  sage. 
Nevada  bluegrass,  wheatgrass,  needle 

grass. 
Yarrow. 

Larkspur,  pentstemon,  knotweed. 
Lanceleaf  rabbit  brush  or  yellow  brush,^ 

sweet  sage,  American  vetch.' 

The  replacement  and  change  in  rank  of  the  various  species  on  B 
from  1912  to  1924  was,  in  general,  from  a  lower  to  a  higher  stage  of 
plant  succession.  Although  such  a  change  might  be  expected  under 
natural  conditions,  it  was  here  aided  by  sheep  grazing.  Sheep 
usually  prefer  weeds  to  grasses.  Moreover,  the  sheep  were  not 
admitted  until  the  grasses  were  well  developed,  a  stage  in  which  they 
are  less  palatable  to  sheep  than  earlier  in  the  season.  Consequently, 
the  weeds  were  grazed  before  seed  maturity  to  an  extent  that  injured 

'Yellow  brush '^Chryaothamnus  lanceolatua.    American  vetch -Vldo  americana.    False  cymopterus- 
Paeudocymopterua  tideatTomii.    Kentucky  bluegrass  -  Poo  prtUetuit. 
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their  vigor;  and  grasses  were  taken  so  moderately  as  to  permit  some 
seed  to  be  left  to  mature.  The  subsequent  increase  in  grasses  approxi- 
mately kept  pace  with  the  decline  in  thfe  weeds. 

Cattle  grazing  was  substituted  in  part  for  sheep  grazing  in  1926, 
and  only  cattle  were  grazed  on  watershed  B  from  1927  to  1929, 
inclusive,  because  cattle  utilize  more  of  the  grasses  and  less  of  the 
weeds  than  do  sheep  and  would  therefore  tend  to  restore  the  original 
balance  between  these  classes  of  vegetation.  The  survey  of  the  area 
in  1929  indicated  a  slight  decrease  in  the  grasses  since  1924  and  a 
corresponding  increase  in  the  weeds. 

COMPARISON  OF  WATERSHEDS 

The  method  of  handling  the  two  areas  permits  the  comparison  of  A 
as  a  variable  with  B  as  a  constant.  The  run-off  and  erosion  of  A 
measured  for  the  six  years,  1915  to  1920,  inclusive,  when  the  density 
of  the  vegetation  was  16  per  cent  of  a  complete  cover,  for  1921  to  1923, 
inclusive,  when  the  density  was  increasing  from  16  to  40  per  cent, 
and  for  1924  to  1929,  when  the  density  was  maintained  at  40  per  cent, 
may  be  compared  with  the  results  for  the  total  period  on  B  on  which 
the  density  of  the  vegetation  was  maintained  at  approximately  40 
per  cent.  Such  a  method  of  measuring  the  effect  of  the  changes  in 
the  plant  cover  on  A  is  superior  to  direct  comparison  of  the  earUer 
with  the  later  results  on  the  same  area,  because  of  the  wide  annual 
variation  in  character  and  amount  of  precipitation. 

CLIMATIC  FACTORS 

PRECIPITATION 

The  average  annual  precipitation  at  the  central  station  midway 
between  the  two  experimental  areas  is  29.51  inches.  The  mean 
monthly  precipitation  at  this  station  is  given  in  Figure  8.  The  data 
for  the  months  from  May  to  October,  inclusive,  are  based  upon  daily 
records  of  the  precipitation  from  1914  to  1929,  inclusive.  The  data 
for  the  remaining  months  of  the  year  are  based  upon  approximately 
weekly  readings  of  precipitation  during  several  of  the  years  between 
1915  and  1920  and  on  the  monthly  accumulation  of  snow  on  the 
ground  during  several  years  from  1921  to  1929,  inclusive.  The 
precipitation  during  the  summer  months  was  chiefly  rain  and  during 
the  other  months  snow.  A  few  light  snowfalls  were  recorded  during 
both  July  and  August,  although  ordinarily  no  snow  falls  after  the 
middle  of  June  or  before  the  middle  of  September.  The  snow  that 
fell  in  September  and  the  early  part  of  October,  with  the  exception 
of  that  on  the  cooler  sites,  melted  in  a  few  days.  Winter  snow  began 
to  accumulate  about  the  middle  of  October  and  continued  until  the 
spring  thaw,  late  in  April  or  early  in  May.  All  the  snow  had  melted 
by  early  July. 

Two  fairly  distinct  periods  of  surface  run-off  were  observed  in  each 
of  the  15  years  of  observation.  The  first  coincided  with  the  melting, 
during  the  spring  months,  of  the  snow  that  had  accumulated  through 
the  winter;  the  second  came  with  the  summer  rains.  The  few  rains 
that  came  in  June  were  not  heavy  enough  to  cause  surface  run-off 
from  the  bare  ground,  although  in  a  few  instances  that  which  fell  on 
the  remaining  snow  banks  percolated  through  and  increased  slightly 
the  run-off  from  the  snow.     The  amount  was  so  small  as  to  be  negli- 
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gible.  Rains  of  a  character  to  cause  surface  run-off  on  either  of  the 
areas  did  not  occur  earlier  than  July  1  and  not  later  than  September 
30  in  any  year  except  1918,  when  one  such  rain  occurred  on  October 
4  and  another  on  October  6.  Occasional  storms  in  September,  con- 
sisting of  a  combination  of  snow  and  rain,  were  classified  as  rainstorms, 
but  only  two  of  these — one  on  September  22,  1918,  and  the  other  on 
Septeml)er  21,  1927 — caused  run-off.  Only  four  snowstorms  occur- 
ring in  September  or  early  October  resulted  in  run-off — on  October  8 
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Figure  8.— Mean  monthly  precipitation  at  central  station. 
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and  20,  1918,  September  16,  1927,  and  September  7  and  8,  1929. 
The  quantity  of  run-off  from  each  of  these  storms  was  so  small  as  to 
be  insignificant  and  is  not  comparable  with  run-off  from  either 
summer  rain  or  melting  snow  in  the  spring.  In  view  of  these  two 
fairly  distinct  sources  of  surface  run-off",  the  data  on  precipitation  and 
subsequently  that  on  run-off  and  erosion  are  presented  separately  for 
snow  accumulated  through  the  winter  and  spring  and  for  the  sunmier 
run-off  season. 

The  average  water  content  of  the  snow  that  accumulated  during 
the  winter  and  that  fell  up  to  the  time  surface  run-off  ended  for  the  10 
years  in  which  measurements  were  taken  (Table  3),  was  15.89  inches 
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on  A  and  14.20  inches  on  B.  The  slightly  lower  accumulation  on  B 
was  due  in  part  to  less  drifting  in  of  snow  from  adjacent  land  and  in 
part  to.  fewer  drifts,  which  resulted  in  earlier  melting  of  all  the  snow  on 
B  than  on  A.  Thus  the  record  for  A  included  some  precipitation  that 
fell,  in  nearly  every  year,  between  the  end  of  melting  on  B  and  the 
end  of  melting  on  A.  The  mean  of  the  two  figures,  which  is  15.04 
inches,  is  51  per  cent  of  the  average  annual  precipitation  of  29.51 
inches  recorded  at  the  central  station. 


Table  3. — Moisture  from  winter  and  spring  snowfall  on  watersheds   A   and   B, 

1916-1921,  1926-1929 

WATERSHED  A 


Year 

Date  of 
snow 
survey 

Average 

depth  of 

snow 

Average 
water 
content 

Date  run- 
off ended 

Precipi- 
tation 1 

Average  total  water 
supply 

Depth 

Per  acre 

1916 

Mar.  22 
Apr.  25 
Apr.   20 
Apr.   18 
Apr.  30 
May    4 
Apr.  26 
Apr.  30 
Apr.  29 
May    6 

Inches 
30.  87 
31.73 
36.67 
41.00 
69.  33 
50.10 
29.33 
42.67 
37.69 
52.67 

Inches 
9.20 
9.85 
14.29 
13.29 
20.64 
13.37 
8.73 
14.67 
15.03 
18.88 

July     4 
July   17 
July     3 
June    7 
July   10 
July     5 
June  17 
July     3 
June  30 
July   16 

Inches 
1.74 
8.87 
1.81 
.55 
.75 
1.10 
1.42 
.38 
3.07 
1.30 

Inches 
10.94 
18.72 
16.10 
13.84 
21.39 
14.47 
10.15 
15.05 
18.10 
20.18 

Cubic  feet 
39,  712 

1917 

67,954 

1918 

58,443 

1919 

50  239 

1920-    -       - 

77,646 

«             1921 - 

k            1926 

52,  526 
36,844 
54,  632 
65,703 

1927     .   - 

1928 

1929. '. 

73,253 

Averacre 

42.21 

13.80 

July     2 

2.10 

15.89 

57,  695 

WATERSHED  B 


1916- .-. 

Mar.  22 
Apr.  25 
Apr.  20 
Apr.   18 
Apr.  30 
May    4 
Apr.  26 
Apr.  30 
Apr.  29 
May    6 

31.77 
24.53 
38.07 
43.00 
57.20 
54.10 
29.53 
33.64 
31.  (M 
51.36 

9.09 

8.00 
14.45 
13.94 
17.00 
15.85 

7.87 
13.18 

9.16 
13.71 

June    9 
June  24 
June  10 
June    4 
June  15 
June  10 
June    4 
June  14 
June    7 
June  2-1 

1.56 

8.87 

1.81 

0 

.75 
1.10 
1.42 

.38 
2.24 
1.57 

10.  65 
16.87 
16.26 
13.94 
17.75 
16.95 
9.29 
13.56 
11.40 
15.28 

38, 660 

1917 

61,238 

1918 

59, 024 
50,602 
64,432 
61,  528 

1919 

1920 

1921 

1926 ^---. 

33,723 

1927                               -       .  -       -. 

49,223 

1928* 

41, 382 

1929 

55, 466 

Average 

39.42 

12.22 

June  12 

1.97 

14.20 

51,528 

1  Average  precipitation  from  date  of  survey  to  end  of  run-off. 

The  quantities  of  precipitation  from  all  storms,  including  snow  and 
rain  and  snow  alone,  during  the  summer  run-off  season  from  1915  to 
1929,  inclusive,  are  shown  in  Table  4,  omitting  only  storms  with  less 
than  0.01  inch  of  precipitation  on  either  watershed.  The  precipi- 
tation recorded  is  the  average  of  the  two  rain  gages  on  each  area. 
Two  or  more  distinct  storms  on  the  same  day  are  shown  separately. 
When  occasionally  measurements  were  not  made  as  soon  as  the  storm 
was  over,  the  total  precipitation  was  apportioned  between  the  two  or 
more  storms  on  the  basis  of  the  distribution  shown  by  the  tipping- 
bucket  gage  at  the  central  station. 
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Table    4. — Precipitation   by  individual   storms   during   summer   run-off  season 
1915-1929,  on  watersheds  A  and  B 

(Amounts  in  italics  are  for  storms  that  caused  run-off) 
1915 


July 

August 

September 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

4 

Inches 
0.35 
.70 
.04 
.10 
.14 
.07 
.11 

Inches 
0.42 

.04 
.09 
.12 
.07 
.11 

5 

Inches 
0.01 
.09 
.01 
.21 
.02 

Inches 
0.01 
.10 
.01 
.15 
.02 

1--    . 

Inches 
0.15 
.65 
.11 
.05 
.24 
.18 
.03 
«.34 

Inches 
0.13 
.62 
.10 
.05 
.30 
.18 
.02 
«.40 

21 

6 

3 

23 

14 

24 

16. 

26 

24 

26 

Total 

11 

27 

13 

Total. 

26 

Total 

1.61 

2.28 

.34 

.29 

1.75 

1.80 

7 .- 

8 

9 

14 

16 

16 

21 

24 

26 

26... 

26 

27 

27 

31 

Total - 


1916 


0.06 

0.06 

.04 

.02 

.03 

.02 

.08 

.10 

.12 

.10 

.54 

.32 

.16 

.16 

.27 

.27 

.30 

.30 

./4 

.36 

.m 

.08 

.06 

.07 

.15 

.22 

.12 

.16 

1.94 

2.23 

2- 
2. 
3- 

4. 
5.. 

7- 
7.. 
12 
16. 


Total. 


0.04 

0.04 

.SO 

.S8 

.16 

.26 

.04 

.08 

.08 

.10 

.25 

.28 

.05 

.06 

Trace. 

.01 

.56 

.54 

.07 

.07 

1.55 

1.82 

2. 
8. 
9- 
22 


Total. 


0.12 
.09 
».16 
>.14 
».48 


,99 


0.12 
.12 
».15 
>.16 
».62 


1.17 


1917 


5 

0.18 
.04 
.01 
.09 
.18 
.14 
.21 
.21 

0.16 
.14 
.01 
.12 
.16 
.07 
.20 
.18 

5. 

Trace. 
1.00 
.22 
.16 
.SO 

0.02 
1.09 
.18 
.12 
.30 

6 

0.29 
.16 
.44 
.57 
.13 

a22 
.14 
.48 
.40 
.12 

8 

9. 

7 

21     

15 

10 

23 

17 

22 

26 

17 

30 

27            

Total 

Total 

29 

30 

Total 

1.06 

1.04 

1.68 

1.71 

1.39 

1.30 

1918 


July 

August 

September 

October 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

Pay 

Area  A 

AreaB 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

2 

0.08 

0.08 

7 

0.07 

0.06 

4 

0.18 

0.17 

1 

ao9 

0.09 

3 

.03 

.03 

11 

.11 

.12 

5 

.39 

.41 

4 

1.60 

1.60 

4 

.01 

.01 

13 

.46 

.46 

7 

.02 

.02 

6 

.86 

.26 

5 

.07 

.07 

27 

.03 

.01 

8 

.03 

.03 

8 

KS9 

>.32 

8 

.46 

.5« 

28 

.02 

.01 

15 

.27 

.26 

17 

.31 

.31 

9 

.27 

.27 

31 

.10 

.09 

21  ♦ 

».35 

».35 

10 

.19 

.2S 

22* 

ii.se 

M.36 

13 

.80 

.6S 

23* 

.10 

.10 

15 

.19 

.17 

19 

.23 

.16 

22 

.0(5 

.05 

25 

.06 

.04 

1 

Total. 

2.44 

2.12 

Total. 

.79 

.74 

Total. 

2.70 

^«,\ 

Total. 

2.64 

147 

'  Principally  snow. 

*  Rain  accompanied  by  hail. 
'  Rain  and  snow. 

*  Record  taken  from  rain  gage  midway  between  areas. 

*  Rain,  snow,  and  hail. 


INFLUENCE  OF  PLANT  COVER  ON  RUN-OFF  AND  EROSION 


23 


Table   4. 


•Precipitation    by  individual   storms    during    summer   run-off  season, 
1915-1929,  on  watersheds  A  and  B — Continued 


1919 


July 

August 

September 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

1  4 

Inches 
0.01 
.62 
.24 
.06 
.04 
.10 
.22 
.01 
.01 
.22 

Inches 
0.01 
.65 
.22 
.08 
.04 
.08 
.26 

Trace. 

Trace. 
.25 

1 

Inches 
0.32 
.18 
.26 
.75 
.06 
.18 
.10 

Inches 

0.32 

.21 

.25 

.84 
.09 
.18 
.12 

1.- 

Inches 

0.19 

.55 

2.10 

.08 
.18 
.24 
.52 
.11 
.04 
.36 
.06 

Inches 
0.21 

12 

1--      ---: 

2 

.74 
2.06 

13 . 

4 

15 

8 

7 

.08 

16 

9 

13 -- 

.21 

17 

—  - 

21-. 
27.. 

14 

15 

.25 

22 

.69 

23 

Total 

17 

.12 

27 

17 

.05 

31 

27 

.38 

Total. 

.... 

28              

.05 

Total 

1.43 

1.59 

1.85 

2.01 

2.43 

2.84 

1920 


Total. 


0.03 

0.03 

.02 

.02 

.07 

.08 

.01 

.01 

.08 

.08 

.08 

.08 

.02 

.02 

■  U 

.42 

.03 

.05 

.05 

.08 

.05 

.05 

.88 

.92 

Total. 


0.40 

0.40  1 

.02 

.02 

.20 

.18  1 

.06 

.06 

.17 

.16 

.85 

.82 

.01 

.01 

.38 

.32 

.16 

.16 

.44 

.43 

.16 

.16 

2.85 

2.72 

5- 
6. 
7-, 
9. 
16 
17 
22 
24 


Total. 


1.50 


0.30 

0.30 

2.22 

2.21 

2.42 

2.34 

2.12 

2.10 

.11 

.11 

.03 

.03 

1.15 

1.15 

1.15 

1.15 

1921 


Total. 


0.04 

0.04 

.06 

.11 

.16 

.12 

.12 

.12 

.64 

.60 

.12 

.12 

.14 

.22 

1.22 

1.28 

.07 

.08 

.30 

.31 

.02 

.02 

.26 

.26 

.32 

.31 

3.47 

3!  59 

Total. 


0 

46         0 

22 

25 

26 

05 

06 

08 

08 

34 

32 

47 

46 

12 

14 

26 

27 

31 

S3 

45 

49 

08         2 

08 

18          2 

22 

07         2 

08 

06         2 

16 

48          2 

43 

12 

12 

3.78        3 

72 

Total 

1 

2 

3 

3 

4 

28 


0.52 


52 


0.47 


47 


1922 


Total- 


0.16 

0.18 

.05 

.04 

.12 

.20 

.15 

.17 

.17 

.20 

.23 

.19 

.01 

.01 

.89 

.99 

Total. 


0.10 

0.11 

.71 

.68 

.16 

.20 

.14 

.14 

.02 

.02 

.03 

.03  1 

.24 

.24 

.07 

.07 

i        .17 

.17 

i        .17 

.17 

1        .53 

.56 

.11 

.14 

.01 

.01 

.02 

.02 

.03 

.03 

.06 

.06 

.22 

.22 

.34 

.38 

3.13 

3.25 

Total - 


0.01 
.08 
.06 
.03 
.01 
.06 
.02 


0.01 
.12 
.06 
.05 
.01 
.06 
.02 


,33 


1  Principally  snow. 

2  Rain  accompanied  by  hail. 

*  Record  taken  from  rain  gage  midway  between  areas. 
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Table    4. — Precipitation    by   individual   storms    during   summer   run-off  season, 
1915-1929,  on  watersheds  A  and  B — Continued 


1923 


July 

August 

September 

Day 

Area  A 

Area  B 

\            Day 
2 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

i;i 

Inches 
0.08 
.01 
.SI 
.06 
.22 
.08 
.22 
.14 
.14 
.31 
.23 
.02 
.07 
.02 
.35 

Inches 

0.08 

.01 

.31 

.m 

.22 
.06 
.22 
.14 
.16 
.27 
.37 
.02 
.08 
.03 
.26 

Inches 
0.01 
.08 
.14 
.36 
.90 
.03 
.01 
.09 
.19 
.06 
.01 
.05 
.04 

Inches 
0.01 
.10 
.12 
.33 
.8S 
.03 
.01 
.10 
.21 
.06 
.02 
.08 
.04 

1 

Inches 
a20 
.12 
.04 
.02 
».42 
>.ll 
».07 
1.03 

Inches 
a20 

12 

14          

10  - 

!2 

2 

15   

12 

18 

13 

13 

02 

19 

13 

14 

«.33 

J  12 

19  _     - 

14.. 

17 

20  . 

17 

23 

1  10 

21 

i  18 

27 

1.03 

22 

1  19  "" ' 

Total 

23 

21 

24 

24 

25 

i  29 

30 

:  31 

30 

1            Total 

31 

Total 

2.26 

2.29 

1.97 

1.94 

1.01 

.98 

1924 


5 

0.02 
.16 
.05 
.22 
.03 
.03 
.80 
.05 
.04 

0.02 
.13 
.05 
.22 
.03 
.03 
.88 
.05 
.04 

4 

0.02 
.12 
.29 
.08 

0.01 
.10 
.38 
.04 

5 

0.11 
.40 
.61 

».14 
.12 

1.06 

J.  02 

a  14 

35 

6 

11 

8 

7.              ...     . 

13 

20 ... 

9 

.51 
»  12 

9 

10 

10 

Total 

15 

.11 
1.04 
'  02 

26 

20 

27 

26 

28 

Total 

29 

Total 

1.40 

1.45 

.51 

.53 

1.46 

1.29 

1926 


2 

2 

3 

3 

4 

5 

10 

14 

16 

19 

20 

21 

27 

Total 


0.27         0 

30 

Trace. 

01 

.10 

08 

.10 

08 

.24 

28 

.18 

21 

.02 

02 

.ss 

26 

.16 

12 

.09 

12 

.08 

08 

.18 

23  ' 

.12 

17  1 

.08 

10, 

1.86         2 

oej 

3. 
8. 
9. 
11 
12 
18 
20 
26 
27 
31. 


Total. 


•0.14 

0.14 

.10 

.10 

.02 

.02 

.48 

.52 

.15 

.16 

.12 

.15 

.25 

.28 

.30 

.38 

.15 

.13 

.17 

.18 

1.88 

2.04 

2. 
3- 
5. 
7. 
17 
18 
21 


Total. 


0.02 
.08 
.30 
.14 
.12 
.14 
.38 
.04 


1.42 


1926 


3 

0.54 
.S6 
.19 
.01 
.01 

:?f 

.02 
.01 
.04 
.26 

"J 

.18 
.02 
.02 
.22 
.02 
.02 
.01 
.(M 
.26 

2 

0.12 
.56 
.28 

:Ji 

.20 
.05 
.12 
.02 

0.12 
.49 
.36 
.37 
.04 
.24 
.06 
.10 
.01 

7 

ao4 

».13 
».26 

0.05 

4 

6 

6 

11 

.94 

6 

26 

».  12 

7 

7 

30 

1  24 

8 

8 

Total 

9 

9 

13 

10 

14 

20 

24 

28 

25 

Total 

27 

Total 

1.69 

1.58 

1.73 

1.78 

1.35 

1.36 

Principally  snow. 


Rain  accompanied  by  hail.      *  Rain  and  snow.      *  Rain,  snow,  and  hail. 
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Table    4. — Precipitation    by   individual   storms    during    summer    run-off   season, 
1915-1929,  on  watersheds  A  and  B — Continued 


1927 


July 

August 

September 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

Day 

Area  A 

AreaB 

4 

Inches 
0.15 

.25 
.12 
.01 
.48 
.73 
.81 
.11 
.10 
.54 
.22 

Inches 
0.16 
.30 
.16 
.01 
.57 
.68 
.20 
.  14 
.18 
.58 
.22 

5. 

Inches 
0.26 
.21 
.10 
.02 
.02 
.03 
.04 
.01 
.19 
.42 
.03 

Inches 
0.26 
.21 
.14 
.02 
.02 
.02 
.05 
.02 
.19 
.42 
.02 

1  6 

Inches 
0.06 
.07 
.24 
1.49 
K18 
156 
.02 
3.68 

Inches 
0  05 

8 

6 

1  7 

08 

9 

7 

I9        . 

32 

18 

8 

!  12    - 

1  49 

20... 

10 

11 

18-.- 

'  16 

1  18 

21 

23 

21 

23 

3.54 
01 

24. 

19 

1  24 

3  53 

26 

25 

28--. 

Total 

27 

28--. 

29 

Total 

Total 

3.02 

3.20  ! 

1.33 

1.37 

2.29 

2.20 

1928 


13 

0.12 
.04 
.01 
.02 

0.13 
.05 
.01 
.01 

1 

2 

4 

0.07 
.10  ; 
.02 
.04  i 
.04  1 
.20! 
.03 

0.07 
.09 
.03 
.04 
.04 
.21 
.04 

12 

10.04 
.02 
.52 

1  0  01 

14 

19  - 

02 

15 

27 

.52 

22 

10 

Total 

14 

25 

26-- 

Total 

Total 

.19 

.20 

.50 

.52 

.58 

.55 

1929 


Total- 


0.15 

0.16 

.01 

.02 

.22 

.22 

.02 

.04 

.05 

.04 

.14 

.12 

.10 

.06 

.26 

.24 

.01 

.01 

.28 

.26 

.06 

.06 

.08 

.10 

.42 

.46 

.29 

.36 

.02 

.02 

.06 

.08 

.14 

.18 

.04 

.05 

2,35 

2.48 

Total- 


0.20 

0.24    i 

.08 

.12    i 

.13 

.13    i 

66 

.60 

.10 

.10 

.10 

.14 

.04 

.03 

.01 

.02 

.02 

Trace. 

.02 

.02 

.46 

.46 

.08 

.10 

1.90 

1.96 

Total. 


17 

0.20 

04 

.04 

21 

.13 

78 

1.62 

41 

1.22 

05 

.05 

05 

.06 

03 

.0-1 

20 

1.14 

1.94 


1.50 


1  Principally  snow. 

3  Rain  and  snow. 

6  Principally  snow.    The  melted  snow  caused  light  run-off  from  A. 


The  total  precipitation  each  summer  run-off  season  and  the  average 
seasonal  precipitation  for  each  watershed,  excluding  October,  1918, 
are  shown  in  Figure  9.  The  mean  average  seasonal  precipitation 
for  the  two  areas  for  the  period  1915  to  1929,  inclusive,  is  4.99  inches, 
or  16.9  per  cent,  of  the  average  annual  precipitation  recorded  at  the 
central  station. 

The  two  areas,  although  no  two  of  the  fom*  rain  gages  were  more 
than  1,660  feet  apart,  frequently  exhibited  a  considerable  difference 
in  the  amount  of  precipitation  recorded.  Out  of  the  413  storms 
during  the  15-year  period,  the  two  areas  vary  0.05  inch  or  more  in 
59  storms.  Of  these  59  instances,  the  greater  fall  occurred  on  B 
thirty-two  times  and  on  A  twetity-seven  times,  indicating  a  tendency 
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toward  compensation.  This  is  indicated  further  by  the  total  seasonal 
rainfall  and  the  average  seasonal  rainfall  for  the  two  areas  for  the 
years  of  record,  as  shown  in  Figure  9.  Although  A  has  a  slightly 
lower  average,  the  difference  is  very  small;  in  seven  seasons  there  was 
a  greater  fall  on  A  and  in  seven  seasons  a  greater  fall  on  B.  In  one 
year  the  fall  on  the  two  areas  was  equal. 

The  differences  in  the  precipitation  on  A  and  B  during  individual 
storms  and  seasons  is  accounted  for  largely  by  the  paths  of  the  storms 


-o—   SEASONAL  PRECIPITATION  ON  A 
— •   MEAN     SEASONAL  ON    A 
•0-—    SEASONAL    PRECIPITATION  ON   B 
— -,  MEAN     SEASONAL  ON    B 


1915    '16       '17        '18        '19       '20      '21       '22      '23      '24      '25      '26      '27      '28     1929 
Figure  9.— Total  seasonal  and  average  seasonal  precipitation  on  watersheds  A  and  B,  1915  to  1929 

and  differences  in  the  movement  and  action  of  the  wind  over  the  areas 
in  individual  storms.  Many  of  the  summer  rainstorms  in  the  locality 
of  the  experiment  are  wholly  local  in  character,  and  frequently  one 
or  more  of  the  rain  gages  was  more  directly  in  the  path  of  the  storm 
than  the  others.  The  extremely  local  eddy  or  gust  effect  of  the  wind 
also  influenced  to  some  extent  the  catch  of  rain  in  individual  gages. 
The  number  of  days  with  precipitation  and  the  average  catch  for 
each  during  July,  August,  and  September  are  shown  in  Table  5.®  The 
storms  during  the  period  July  1  to  September  30,  inclusive,  are  enu- 
merated in  Table  6,^  according  to  quantity  of  precipitation.     The  pre- 


» The  quantities  of  precipitation  shown  in  Tables  5  and  6  are  firom  the  average  precipitation  recorded  in 

the  two  rain  gages  on  each  area. 
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cipitation  during  July  and  August  was  characterized  by  thunder- 
shower's,  often  with  a  high  rate  of  rainfall  during  a  comparatively 
short  time.  Such  storms  sometimes  occurred  in  September,  but  in 
this  month  there  was  a  greater  tendency  for  the  rain  to  be  slow  and 
steady  and  to  extend  over  longer  periods  than  in  the  two  preceding 
months. 

Table  5. — The  number  of  days  with  precipitation  and  average  precipitation  on  each 
during  the  summer  run-off  season,  1915-1929 


July 

August 

September 

Total  for  season 

Years 

Rainy 
days 

Average 
fall 

Rainy 
days 

Average 
fall 

Rainy 
days 

Average 
fall 

Rainy 
days 

Average 
fall 

19151 

Number 

7 
12 

8 
12 
10 

9 
12 

6 
13 

9 
12 
11 
11 

Inch 
0.271 
.174 
.131 
.190 
.151 
.100 
.294 
.157 
.175 
.158 
.163 
.149 
.283 
.049 
.151 

Number 
5 
8 
4 
6 
6 

10 

16 

13 

12 
4 

10 
9 

11 
7 

12 

Inch 
0.063 
.211 
A2A 
.128 
.322 
.278 
.234 
.245 
.163 
.130 
.196 
.195 
.123 
.073 
.161 

Number 
8 
5 
5 
8 
10 
8 
1 
6 
8 
7 
8 
4 
8 
3 
9 

Inch 
0.222 
.216 
.275 
.337 
.264 
.181 
.495 
.050 
.124 
.196 
.190 
.338 
.281 
.188 
.191 

Number 
20 
25 
17 
26 
26 
27 
29 
25 
33 
20 
30 
24 
30 
14 
37 

Inch 
0.199 

1916  2 

.194 

1917 

.242 

1918.-                      

.221 

1919 

.234 

1920S 

.190 

1921 

.268 

1922 

.177 

1923  < 

.  158 

1924  5 

166 

1925  .                       

.  181 

1926 

198 

1927  6.- 

.224 

1928  7 

091 

19298 

.164 

Average 

10.1 

.179 

8.9 

.196 

6.5 

- 

25.5 

.195 

1  Includes 

2  Includes 
» Includes 
*  Includes 

5  Includes 

6  Includes 

7  Includes 

8  Includes 


1  snowstorm  of  0.37 

1  snowstorm  of  0.15 

2  snowstorms  with 
2  snowstorms  with 
2  snowstorms  with 

2  snowstorms  with 
1  snowstorm  of  0.02 

3  snowstorms  with  i 


inch  precipitation. 

inch  precipitation, 
a  total  of  0.30  inch  precipitation, 
a  total  of  0.12  inch  precipitation, 
a  total  of  0.07  inch  precipitation, 
a  total  of  0.67  inch  precipitation. 

inch  precipitation. 

I  total  of  1.18  inches  precipitation. 


Table  6. — Classification  of  storms  ^  during  summer  run-off  season  according  to 

quantity  of  precipitation 


Number  of  storms  in 

precipitation  class  of— 

Year 

T.- 
0.10 
inch 

0.11- 
0.20 
inch 

0.21- 
0.30 
inch 

0.31- 
0.40 
inch 

0.41- 
0.50 
inch 

0.51- 
0.60 
inch 

0.61- 
0.70 
inch 

0.71- 
0.80 
inch 

0.81- 
0.90 
inch 

0.91- 
1  inch 

1.01 

inches 

and 

over 

Total 

1915 

10 
13 

5 

13 
11 
14 

8 
17 
20 
10 
12 
10 
10 
11 
21 

5 

8 
4 
6 
8 
8 
9 
7 
5 
12 
4 
7 
2 
8 

1 
5 
2 
3 
5 
2 
4 
3 
5 
1 
4 
4 
6 

2 
2 
1 
2 
2 
3 
4 
1 
3 
2 
1 
3 

1 

21 

20 

1916 

2 
4 

2 

29 

1917 

31 

18 

1918 

1 
1 

?6 

1919-  . 

2 

1 

28 

1920 

1 

30 

1921 

...... 

1 

1 

51 

30 

1922 

32 

1923 

1 
1 

36 

1924     -  - 

—  .-- 

1 
2 

1 

20 

1925 

32 

1926 

1 
4 

1 

1 

24 

1927 

1 

30 

1928 

14 

1929 

4 

' 

2 

2 

39 

Total          --        ^ 

185 
12.3 

100 

6.7 

49 
3.3 

28 
L9 

17 
1.1 

12 
0.8 

7 
0.5 

0.1 

3 
0.2 

1 
0.1 

0.3 

408 

Average --- 

27.2 

1  storms  having  at  least  0.01  inch  precipitation  on  at  least  one  of  the  watersheds. 

2  Average  1.06  inches  fell  on  July  21. 
s  Average  1.04  inches  fell  on  Aug.  9. 

*  Average  1.36  inches  fell  on  Sept.  22. 
5  Average  1.25  inches  fell  on  July  17. 
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TEMPERATURE 


The  mean  monthly  temperatures  at  the  central  station  are  shown 
in  Figure  10.  Temperature  sufficiently  high  to  cause  run-off  from 
melting  snow  usually  began  to  occur  during  the  last  few  days  of  April 
or  the  first  few  days  of  May,  and  the  snow  was  practically  all  gone  by 
the  last  of  June  or  early  July.  During  this  period,  however,  and 
especially  in  late  April  and  early  May,  there  were  days  when  the  tem- 
perature remained  below  freezing  and  no  melting  took  place.     A  few 
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FuJURE  10.— Mean  monthly  temperatures  at  central  station  for  all  years  of  record 
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nights  with  freezing  temperature  occurred  during  June  and  Septem- 
ber, and  freezing  temperatures  were  recorded  occasionally  in  July 
and  August.  Freezing  temperatures  at  some  time  during  each  24-hour 
period  were  quite  general  during  October.  The  average  date  of  the 
last  frost  sufficiently  heavy  to  kill  vegetation  in  the  spring  was  approxi- 
mately June  10,  and  the  average  date  of  the  first  killing  frost  in  the  fall 
was  approxiniately  September  15.  Ordinarily  the  temperatures  were 
sufficiently  high  to  start  growth  of  the  vegetation  a  few  days  after  the 
snow  disappeared,  and  growth  continued  at  a  rapid  rate  through  the 
summer  to  maturity  late  in  August  or  early  in  September. 
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EVAPORATION 


The  fairly  high  temperatures  during  the  day,  the  many  sunshiny 
days,  and  a  somewhat  high  average  wind  velocity  characteristic  of 
the  summer  months  in  the  locality  of  the  experiment  are  conducive 
to  rather  high  evaporation.  This  resulted  in  moisture  being  drawn 
from  the  soil  quite  rapidly  and  increased  the  rate  of  transpiration 
by  the  vegetation  and,  together  with  the  character  of  the  soil,  caused 
fairly  rapid  drying  out  after  rains  or  periods  of  snow  melting. 

SOIL  MOISTURE 

The  march  of  soil-moisture  content  from  shortly  after  the  day  when 
the  ground  was  first  free  of  winter  snow  in  the  spring  up  to  the  latter 
part  of  September  or  early  in  October  is  shown  for  five  years  in  Fig- 
ure 11,  the  record  covering  the  two  depths  0  to  6  inches  and  12  to 
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Figure  11.— Moisture  content  of  the  soil  at  a  selected  station  on  watershed  A,  1925-1929 
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18  inches  below  the  surface,  at  a  selected  station  in  soil  type  20,  on 
watershed  A.  It  will  be  noted  from  this  figure  that  the  soil  moisture 
was  at  its  maximum  for  the  various  depths  just  after  the  snow  had 
disappeared.  The  quantity  of  water  evaporated  from  the  soil  and 
used  by  the  vegetation  was  greater  than  the  quantity  replaced  by 
precipitation,  and  as  the  season  advanced  there  was  a  gradual  de- 
cUne  in  the  moisture  content  of  the  soil  until  autumn,  except  as  it 
was  partially  replenished  at  times  by  rain.  Not  once  during  the  five 
seasons  in  which  records  were  obtained  was  there  sufficient  rainfall 
to  raise  the  moisture  content  of  the  soil  to  a  point  where  it  was  at 
all  comparable  with  that  in  the  spring  when  *percolation  of  water 
through  the  lower  horizons  was  taking  place.  Thus  it  is  evident  that 
the  summer  rains  did  not  in  this  experiment  contribute  to  the  ground- 
water supply,  and  this  is  probably  the  case  generally  on  clay  soil 
tvpes,  except  where  run-off  accumulates  in  lakes  or  other  depres- 
sions of  considerable  size.  Moisture  began  to  accumulate  in  the  soil 
in  the  autumn  with  the  cessation  of  plant  growth,  the  occurrence  of 
cooler  weather,  the  lowering  of  the  rate  of  evaporation,  and  the  change 
from  rain  to  snow. 

SURFACE  RUN-OFF  AND  EROSION 

The  bulk  of  the  annual  surface  run-off  during  the  year  came  from 
melted  snow,  but  the  smaller  lun-off  from  rainstorms  carried  by  far 
the  greater  portion  of  sediment.  As  shown  in  Table  7  the  average 
annual  run-off  from  melted  snow  for  seven  years  from  watershed  A 
was  357,086  cubic  feet  (8.7487  inches  over  watershed)  or  97.5  per 
cent  of  the  total.  This  carried  with  it  an  average  of  246  cubic  feet 
of  sediment  or  only  19.6  per  cent  of  the  average  sediment  removed 
annually.  During  the  three  years  1916,  1918,  and  1919,  when  the 
density  of  the  vegetation  was  only  16  per  cent  complete,  4.6  per  cent 
of  the  surface  run-off  was  from  summer  rains,  but  this  run-off  trans- 
ported 84.5  per  cent  of  the  sediment  removed.  After  the  vegetation 
on  this  area  increased  to  a  40  per  cent  cover  (1926  to  1929),  only  1.3 
per  cent  of  the  run-off  was  from  summer  rains,  and,  although  the  silt 
removed  annually  was  less  than  before,  the  proportion  removed  by 
rain  was  less  also.  The  annual  surface  run-off  from  melted  snow  on 
B  during  the  five  years  that  the  records  are  complete  was  96.8  per 
cent  of  the  total  from  the  watershed,  and  this  transported  only  36.9 
per  cent  of  the  sediment  removed. 


INFLUENCE  OP  PLANT  COVER  ON  RUN-OFr  AND  EROSION 


31 


I 


sa 


i. 


9-0 
a  « 


■^05  0Sr-l 


coco 


l^^l 


•~  C<5  t^  t^ 


e   .   .   . 


SSS^ 


i8^ 


•St^^-- 


S  o  lo  oo 


^  S  05  «0 

eoo— ifo 


t^tOO' 


S2 


,^o  I 


!2Si 

loddr-; 


lOOO^i 


<MCO 

■»oo 


CD  Oi 

oJod 


CO  »o 


2?3 


§g°S    g§l 


oot-Oco 

03  05  O  05 


Tf  (M  00  < 
(M  05  -^  I 


1  coco  CO 


00  t>; 


oJod 


1^ 


>  > 
« 


05  Oi  05  Oi 


CO  O  eo  Oico 
CO  >C  CO  uj  :-< 

^rl  CO  00  IN 


fO»fl  CO        o 

d  TTJ  Q  O  •*■ 


O  COOO  O  05 

^oSSgS 


coioo  oioo 


Oi  CO  t^  ^  o 

CO  r^  to  CO  t^ 

00  Tf  CO  CO  00 


C^Tf<cO       IN 
ITS      'ODO 


cooioo< 

■^  -!t<  O  ' 

CO  cox 

*C        CD 


XCOrfiOOO 
SosoO  O  OS 


ss 


00500050  I    05C5 

^  05  fs  CO  o  I  g?  00 

Tt<  OS  C^  CO  ^  05  c< 

CO  Tt<  1—1  rH  O  rl  Tfl 

CO  (N  -H  Tl5 .-;  C^  (N 


CO  »o 


iO(N 

csico 


I  lO  00  05C0        CO  ■* 

1  05CD  cogo      ■<»<  05 
I  00^  coco      ■*  -^ 


COIN        -^.-1    I    IN<N 


COCDIN^  Tf< 

05  t^  CO  CO^ 
r-l  O  00  COOO 


05  t» 


« 


O  O^  Oi  O)  o^ 


CO  M 

II 

gg 

II 

S2 


•OT3 
3  3 


n 


,^'3 

^i^ 


it 


OT3 
CO  « 

-si 


3  3 
5  o 


T3T3 

3  3 

a  3 


32         TECHNICAL  BULLETIN  220,  U.  S.  DEPT.  OF  AGRICULTURE 

There  are  several  reasons  for  the  comparatively  heavier  erosion 
by  the  lighter  run-off  from  summer  rains.  The  run-off  from  the 
torrential  summer  rainstorms  accumulates  so  quickly  that  a  compar- 
atively large  head  of  water  gathers  in  a  relatively  short  time.  This 
head  carries  away  part  or  all  of  the  loose  surface  soil  and  often 
results  in  considerable  cutting  away  of  the  more  compact  material. 
The  run-off  from  melted  snow,  on  the  other  hand,  is  a  small  com- 
paratively steady  stream  or  thin  sheet  of  water  of  insufficient  volume 
and  velocity  to  erode  much  material  from  the  stiff,  heavy,  wet  clay 
on  the  slopes  where  the  melting  takes  place.  In  summer  the  rain- 
storms frequently  occur  when  the  surface  soil  is  dry  and  in  a  loose- 
granular,  fragmental,  or  granular-fragmental  condition.  If  the  dry 
conditions  have  existed  for  some  time  prior  to  a  violent  rain  there 
frequently  is  in  the  gullies  considerable  loose  soil  material  that  has 
weathered  from  the  sides  and  slopes  or  has  been  carried  in  by  the 
wind.  This  material,  and  in  addition  more  or  less  from  the  spaces 
between  the  gullies,  is  swept  along  by  the  run-off  from  violent  rain. 
On  the  other  hand,  at  the  time  when  the  run-off  from  melted  snow 
takes  place,  the  soil  granules  or  fragments  are  coalesced  from  heavy 
wetting  prior  to  the  time  of  run-off  and  are  more  or  less  compacted 
by  the  weight  of  the  wet  snow.  Even  the  loose  material  that  may 
have  been  present  the  previous  fall  is  compressed  and  bound  to  the 
undersoil.  Consequently  the  run-off  from  melted  snow  occurs  under 
conditions  much  less  favorable  for  erosion  than  does  the  run-off 
from  summer  rains, 

RUN-OFF  AND  EROSION  FROM  MELTING  SNOW 

Records  of  surface  run-off  and  erosion  from  melted  snow  were 
obtained  for  watershed  A  in  1916,  1918,  1919,  and  from  1926  to  1929, 
and  for  watershed  B  in  1919  and  from  1926  to  1929.  The  first  three 
years  were  during  the  period  when  there  was  an  average  of  16  per 
cent  of  a  complete  plant  cover  and  the  last  four  years  during  the 
period  there  was  an  average  of  40  per  cent  of  a  complete  plant  cover 
on  A.     These  data  are  summarized  in  Table  8. 

DIFFERENCES  IN  RUN-OFF  FROM  THE  TWO  WATERSHEDS 

The  proportion  of  the  available  water  supply  ®  that  ran  off  was 
constantly  greater  from  A  than  from  B.  From  1926  to  1929,  when 
the  density  of  vegetation  was  the  same  on  both  areas,  an  average  of 
60.2  per  cent  of  the  snow  water  ran  oft*  from  A  and  only  17.3  per 
cent  from  B.  On  A,  the  percentage  of  run-off  ranged  from  51  per 
cent  in  1927  to  86.6  per  cent  in  1926,  and  on  B  from  6.8  per  cent  in 
1927  and  1929  to  36.3  per  cent  of  the  total  supply  in  1928.  These 
differences  are  accounted  for  by  the  previously  mentioned  physical 
differences  on  the  two  areas,  especially  the  extremely  low  gradient 
on  the  upper  half  of  B.  Here  most  of  the  snow  water,  especially 
when  the  snow  melted  slowly,  sank  into  the  ground  instead  of  flowing 
over  the  brow  of  the  hill  and  down  to  the  catchment  basin. 

*  "  AvailHhIe  water  supply  "  as  used  in  this  bulletin  refers  to  the  quantity  of  water  contained  in  the  snow 
at  the  tiiiie  of  the  snow  survey,  together  with  the  snow  which  fell  from  the  date  of  the  survey  until  surface 
run-ofl  ouded. 
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Table  8. — Summary  of  melted-snow  and  run-off  and  erosion  records,  1916,  1918, 

1919,  and  1926-1929 

WATERSHED  A 


• 
Year 

Average 

available 

water 

supply 

per  acre 

Date 
run-off 
began 



Date 
run-off 
ended 

Surface  run-off  per  acre 

Sediment 
per  acre 

Sediment 
per  1,000 
cubic  feet 
of  run-off 

1916 

Cubic  feet 
39, 712 
58,443 
50,  239 

Apr.   29 
Apr.  29 
Apr.   23 

July     4 
July     3 
June     7 

Cubic  feet 
27,210 
40, 151 
16, 145 

Inches 
7. 4959 

11.  0609 
4.  4476 

Per  cent 
68.5 
68.7 
32.1 

Cubicfeet 
22.67 
31.50 
28.63 

Cubicfeet 
0  833 

1918 

1919  . 

.785 
1  773 

Average 

1926 

49,  465 

Apr.   27 

June  25 

27, 835 

7.  6681 

56.3 

27.60 

.992 

36,  844 

Apr.   24 
May  13 
Apr.   29 

May    7 

June  17 
July     3 
June  30 
July    16 

31,  916 
27,  873 
36,  486 
42,  494 

8.  7924 
7.  6785 

10.  0513 

11.  7064 

86.6 
51.0 
55.5 
58.0 

16.63 
9.14 
17.35 
16.01 

521 

192/ J 

1928 

1929 

54,  632 
65,  703 
73,  253 

.328 
.476 
.377 

Average 

57,  608 

May    3 

July     2 

34,  692 

9.  5572 

60.2 

14.78 

.426 

WATERSHED  B 


1919. 

50,  602 

Apr.   23 

TnrA     4 

11,  502 

3. 1686 

22.7 

32.91 

2  861 

1926 

33,  723 
49,  223 
41,382 
55,  466 

44,  948 

Apr.  24 
Apr.  30 
Apr.   29 

May    7 

June     4 
June  14 
June    7 
June  24 

9,  037 
3,328 
15,006 
3,769 

2.  4895 

.9168 

4.  K«9 

1.  0383 

26.8 
6.8 

36.3 
6.8 

10.42 
8.14 

20.72 
1.87 

1  153 

1927. 

2.446 

1928 

1  381 

1929 

496 

Average 

Apr.   30 

June  12 

7,785 

2. 1446 

17.3 

10.29 

1.322 

On  watershed  B  the  snow  accumulated  fairly  uniformly  but  on  A 
several  large,  deep  drifts  formed.  A  greater  proportion  of  the  water 
ran  off  from  these  deep  drifts  than  ran  off  from  the  same  amount  of 
snow  more  evenly  distributed  over  a  larger  area.  Where  the  snow 
depths  were  the  same,  the  ground  on  the  two  areas  became  bare  at 
approximately  the  same  date,  but  on  account  of  the  drifts  run-off 
did  not  stop  on  A  during  the  five  years  of  record  for  both  areas  until 
the  average  date  of  June  27,  or  an  average  of  16  days  after  the  run- 
off on  B  had  stopped.  This  was  in  spite  of  the  fact  that  watershed 
A  faces  more  to  the  south  than  does  B,  thus  receiving  the  sunshine 
more  directly  and  for  a  longer  period  of  the  day. 

The  well-developed  system  of  gullies  emptying  into  a  main  drain- 
age channel  that  traverses  the  full  length  of  area  A  (fig.  2)  causes 
the  run-off  to  be  gathered  and  discharged  from  this  area  more  rapidly 
than  from  B,  which  has  a  more  even  contour  and  fewer  gullies.  Some 
of  these  drain  only  the  lower  half  and  others  disperse  their  run-ofi^ 
over  the  open,  porous,  stony  soil  exposed  on  the  break  of  the  slope 
of  the  area.  This  type  of  gullies  allows  the  water  to  spread  out 
over  the  slopes  and  gives  it  a  greater  opportunity  to  sink  into  the 
ground.  In  addition,  as  shown  in  Table  2,  more  of  the  soil  on  A 
than  on  B  is  of  a  character  favorable  to  rapid  run-off. 

CONDITIONS    CAUSING    VARIATION    IN    RUN-OFF    FROM   YEAR   TO    YEAR 

.  Both  the  total  quantity  and  the  percentage  of  surface  run-ofi' 
varied  from  year  to  year  for  each  area,  and  also  the  relationship 
between  the  two  watersheds  was  not  constant.   The  run-off,  as  shown 

19287°— 31 3 


34         TECHNICAL  BULLETIN  220,  U.  S.  DEPT.  OF  AGRICULTURE 

in  Table  8,  ranged  for  A  from  an  average  of  42,494  cubic  feet  an 
acre  (11.7064  inches)  in  the  maximum  year  to  16,145  cubic  feet 
an  acre  (4.  4476  inches)  in  the  minimum  year,  and  for  B  from  a 
maximum  of  15,  006  cubic  feet  (4.  1339  inches)  to  a  minimum  of 
3,  328  cubic  feet  (0.  9168  inches).  The  percentage  of  the  available 
water  supply  that  ran  off  ranged  from  32.  1  to  86.  6  per  cent  for  A 
and  from  6.8  to  36.3  per  cent  for  B.  Surface  run-off  would  naturally 
be  expected  to  vary  more  or  less  with  the  supply  available  each 
year,  but  it  not  only  does  not  vary  consistently  with  available  sup- 
ply but  even  has  Uttle  or  no  relation  to  the  variations  in  the  per- 
centage run-off.  Similar  variations  in  run-off  from  nearly  equal 
available  water  supplies  on  the  Ephraim  Canyon  watershed  as  a 
whole  have  been  noted  and  commented  on  by  the  water  users  who 
depend  upon  this  source  for  irrigation  purposes.  The  apparent 
causes  of  such  variations  are  of  special  interest  not  only  in  relation 
to  the  problem  with  which  this  study  is  concerned  but  to  water- 
supply  problems  in  general. 

Differences  in  the  drifting  of  the  snow,  the  average  supply  when 
melting  began,  and  the  amount  of  precipitation  that  fell  from  the 
date  melting  began  until  the  run-off  stopped  all  probably  have  some 
effect  on  the  surface  run-off.  However,  there  was  not  enough  varia- 
tion in  these  respects  from  year  to  year  to  have  caused  the  wide 
variations  in  percentage  of  run-off. 

It  might  appear  that  the  moisture  content  of  the  soil  in  the  fall 
before  winter  snow  began  to  accumulate  would  exert  considerable 
influence  on  the  run-off  from  melted  snow  the  following  spring,  the 
theory  being  that  the  drier  the  soil  is  in  the  autumn  the  more  mois- 
ture it  would  absorb  before  run-off  began  in  the  spring,  with  a  cor- 
responding reduction  in  run-off.  To  a  certain  extent  this  must  be 
true.  The  moisture  content  of  the  soil  shortly  after  run-off  from 
snow  stopped  in  the  spring,  or  about  the  time  when  percolation  of 
water  through  the  soil  ceased,  was  approximately  40  per  cent.  In 
September  or  October  the  water  content  in  the  12-inch  to  18-inch 
depth  sometimes  was  as  low  as  18  or  19  per  cent.  To  restore  the 
moisture  content  of  the  soil  on  the  experimental  area  to  that  at- 
tained in  the  spring  would  require  about  3.  27  inches  in  depth  of 
water  for  each  foot  in  depth  of  soil. 

The  record  of  precipitation  at  the  central  rain  gage  for  September 
and  October  preceding  each  spring  of  the  last  four  years  that  the 
run-off  was  measured,  together  with  the  last  observations  of  the 
moisture  content  of  the  soil  in  1925  to  1928,  inclusive,  are  given  in 
Table  9.  The  precipitation  for  October  given  in  this  table  does  not 
include  snow  which  fell  during  the  latter  part  of  the  month  without 
melting.  In  the  fall  of  1925  the  soil  was  medium  in  moisture  con- 
tent for  that  time  of  the  year,  and  the  percentage  of  run-off  was 
very  high  on  A  and  medium  on  B  the  following  spring.  The  Sep- 
tember-October precipitation  and  the  moisture  content  of  the  soil 
on  October  1  were  relatively  low  in  1926;  the  percentage  of  run-off 
was  also  relatively  low  on  both  areas  in  the  spring  of  1927.  The  per- 
centage of  run-off  was  comparatively  low  for  A  and  the  highest 
of  record  for  B  in  the  spring  of  1928,  the  results  again  being  incon- 
sistent if  soil  moisture  the  previous  fall  has  a  material  influence. 
The  same  percentage  of  run-off  from  B  occurred  in  1927  and  1929 
and  yet  there  was  0.  39  inch  or  25  per  cent  more  precipitation  dur- 
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ing  the  September-October  period  preceding  the  spring  run-off  of 
1929.  These  results  indicate  that  the  moisture  content  of  the  soil 
in  the  preceding  autumn  is  not  one  of  the  factors  chiefly  responsible 
for  the  wide  variation  in  percentage  of  run-off  from  melted  snow  in 
the  spring. 

Table  9. — Precipitation  during  September  and  October  and  moisture  content  of  soil 
at  latest  observation  of  the  year,  1925-1928 


Precipitation 

Soil  moisture 

Year 

Septem- 

October  i 

Total 

Date 

Depth  of— 

Soil  conditions  2 

0-6 
inches 

12-18 
inches 

1925. 

Inches 

1.46 

1.36 

2.25 

.60 

Inches 

2.06 

.20 

.28 

1.35 

Inches 
3.52 
1.56 
2.53 
1.95 

Sept.  21 
Oct.     1 
Oct.     1 
Oct.    20 

Per  cent 
26.6 
22.3 
40.8 
31.1 

Per  cent 
21.0 
19.4 
28.3 
18.5 

Fairly  moist. 

1926 

Dry. 

1927 

Fairly  moist. 
Fairly  dry. 

1928 

1  Does  not  include  snow  which  did  not  melt  in  the  autumn. 

2  General  condition  at  beginning  of  winter. 

Freezing  of  the  soil  is  another  factor  that  might  appear  to  in- 
fluence spring  run-oft',  since,  if  the  soil  were  frozen  to  a  considerable 
depth,  it  would  take  in  water  less  readily  than  unfrozen  soil.  Soil 
temperature  observations  made  at  different  times  in  the  winter 
and  the  unfrozen  condition  of  the  soil  occasionally  picked  up  in  the 
end  of  the  snow  tube  when  snow  measurements  were  being  made 
during  the  winter  and  spring  both  before  and  after  run-off  started 
show,  however,  that  the  soil  is  not  frozen  under  the  snow  during  the 
period  of  run-off  from  melted  snow.  Although  the  soil  sometimes 
froze  to  a  depth  of  several  inches  in  the  fall  before  much  snow  fell, 
the  temperature  of  the  surface  soil  began  to  rise  on  account  of  the 
higher  temperature  of  the  subsoil  as  soon  as  the  ground  was  well 
blanketed  with  snow  and  went  up  to  approximately  32. 5°  F., 
where  it  remained  through  the  winter.  This  condition  was  much 
the  same  after  the  forewinter  in  every  year,  and  thus  freezing  of 
soil  probably  did  not  influence  the  spring  run-off  materially. 

Table  10. — Evaporation  from  snow  surface,  1928 


Beginning  of  24-hour 
observation 


Average 
velocity 

Temperature 

of  wind 

Maxi- 

Mini- 

Mean   ; 

mum 

mum 

bihourly 

Miles 

per  hour 

°  F. 

°  F. 

op 

2.5 

53 

20 

34.5 

2.4 

59 

32 

44.0 

4.3 

64 

48 

53.5 

7.3 

62 

44 

49.6 

Character  of  day      ^/^S" 


Loss  of 
water 


May  3,  6.30  p.  m 
May  4,  2.20  p.  m 
May  6,  4.30  p.  m 
May  7,  4.30  p.  m 


Inch 

Mostly  clear ;         0.00 

Clear .00 

Cloudy .01 

.--.do .01 


Inch 

0.043 

.077 

.023 

.010 


Some  of  the  moisture  on  the  ground  in  the  spring  of  each  year  is 
lost  by  evaporation  from  the  surface  of  the  snow.  Table  10  gives 
the  results  of  several  observations  of  evaporation  from  a  snow  surface 
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made  early  in  May,  1928,  at  the  field  headquarters  of  the  Great 
Basin  Experiment  Station,  2}^  miles  distant  from  and  approximately 
1,200  feet  lower  than  the  experimental  areas.  The  temperatures  at 
this  station  are  usually  higher  and  the  wind  movement  lower  than  on 
the  experimental  areas.  No  data  were  obtained  to  show  how  the  loss 
of  moisture  by  evaporation  varied  from  year  to  vear  on  watersheds 
A  or  B,  but  general  observations  indicate  that  it  did  not  vary  enough 
to  account  for  the  wide  variation  in  percentage  of  run-off. 

Air  temperature  during  the  spring  melting  period  appears  to  be  the 
most  important  condition  that  influenced  the  percentage  of  run-off 
in  individual  years.  The  daily  run-off  from  melted  snow,  together 
with  the  index  of  melting  temperature  (the  daily  sum  of  the  hourly 
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— Daily  surface  run-off  from  melted  snow  and  index  of  air  temperature,  watershed  A,  1916 


air  temperature  above  32°  F.)  for  each  of  the  annual  records  cf 
spring  run-off  are  shown  in  Figures  12  to  18  for  both  watersheds. 
Each  year,  at  the  beginning  of  the  season,  there  were  a  number  of 
days  having  melting  temperatures  which  caused  little  or  no  run-off.''* 
During  these  days,  melting  evidently  w^as  taking  place  in  the  snow 
layer,  but  up  to  a  certain  point  most  of  the  water  was  retained  in  the 
snow,^^  and  only  later  did  it  begin  to  percolate  into  the  soil. 

Run-oft'  did  not  begin  until  the  surface  layer  of  soil  was  saturated 
or  until  the  rate  of  melting  exceeded  the  rate  of  absorption  by  the 
soU.  After  run-off  began,  its  march  was  rather  irregular,  following 
the  rise  and  fall  in  temperature  fairly  closely,  but  decreasing  gradually 
as  the  drainage  areas  became  bare  of  snow.     After  a  cool  spell,  the 


"o  No  records  were  obtained  at  the  temperature  station  between  the  two  areas  In  1919  prior  to  April  29. 
However,  the  records  at  the  Oreat  liasin  Experiment  Station,  2H  miles  distant  and  aoproxlmately  1,200 
feet  lower,  show  that  there  was  a  warm  period  from  April  17  to  24,  inclusive,  after  whicn  the  temperature 
was  low  again  for  several  days. 

>'  Clyde  (4),  during  the  spring  of  1928,  made  a  study  of  snow  melting  characteristics  on  the  Wasatch 
Plateiui  about  2()  miles  north  of  tlie  experimental  watersheds.  U(>  found  that  before  njelting  l>egan  there 
was  a  niiu-kcd  dilTerciice  in  the  density  of  the  snow  at  ditTerent  dcpth.s,  due  t()  ice  layers  and  hard  crusts. 
As  the  daily  teniixTatiircs  rose  it  wius  notice<l  that  those  hard  layers  disapiM>ared  and  the  snow  took  on  a 
uniform  density  from  to])  to  bottom.  Tlu'  water  from  the  surface  snow,  being  slightly  warmer  than  the  ice 
crusts,  gradually  softened  them  and  so  tltmlly  gave  the  snow  layer  a  nearly  uniform  (lensity.  The  density 
gradually  increased  to  40.4  per  cent  before  there  wius  appreciable  l(xss  of  water.  Hy  this  time  an  acctunulation 
of  average  daily  temperatures  above  freezing  totaling  27.7°  (\  had  been  reached.  The  density  reached 
ftO.l  per  cent  and  the  snow  layer  bad  lost  about  25  per  cent  of  the  water.  The  density  then  decreastnl  to 
35  to  40  per  cent,  where  it  remained  nearly  coJistant  until  the  snow  disappeared.  There  was  some  decrease 
in  the  density  in  the  u|)per  and  lower  layers  when  the  surface  snow  solidmcd  at  night,  owing  to  the  draining 
of  the  free  water  in  these  layers. 
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rise  in  run-off  on  the  average  followed  the  rise  in  temperature  more 
closely  than  the  decline  in  run-off  followed  a  drop  in  temperature; 
often  there  was  a  considerable  lag  in  the  decline  in  run-off.  More- 
over, after  run-off  was  once  well  started,  it  continued  through  the 
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Figure  13.— Daily  surface  nm-off  from  melted  snow  and  index  of  air  temperature,  watershed  A,  1918 

nights  when  the  temperature  of  the  air  dropped  several  degrees  below 
freezing,  and  more  or  less  run-off  occurred  during  days  or  periods  of 
several  days  when  the  air  temperature  did  not  get  above  freezing. 
This  was  apparently  from  snow  water  held  in  the  snow  and  discharged 
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Figure  14. — Daily  surface  run-off  from  melted  snow  and  index  of  air  temperature,  watersheds  A 
and  B,  1919.    No  temperature  records- prior  to  April  29 

slowly.  This  water,  which  was  slightly  above  the  freezing  point,  prob- 
ably caused  some  additional  melting  as  it  seeped  through  the  snow. 
Run-off  on  the  two  areas  reacted  differently  to  the  same  air  tempera- 
tures. The  percentage  of  run-off  from  A  was  higher  ^^  in  the  years 
when  the  run-off  season  started  later  than  average  or  when  the  melt- 

12  A  run-off  of  32  per  cent  is  considered  low,  51  to  58  per  cent  intermediate,  and  68.5  to  86.6  per  cent  high 
for  watershed  A,  and  of  6.8  per  cent  low,  22.7  per  cent  intermediate,  and  28.8  to  36.3  per  cent  high  for  B. 
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FiQURE  15. — Daily  surface  run-off  from  melted  snow  and  index  of  air  temperature  on  watersheds 

A  and  B,  1926 
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Figure  16.— Daily  surface  run-off  from  nicltod  snow  and  index  of  air  temperature  on  watersheds 

A  and  B,  1927 
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Figure  17.— Daily  surface  run-off  from  melted  snow  and  index  of  air  temperature  on  watersheds 

A  and  B,  1928 
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Figure  18.— Daily  surface  run-off  from  melted  snow  and  index  of  air  temperature  on  watersheds 

A  and  B,  1929 
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ing  temperatures  were  relatively  low  in  the  early  part  of  the  melting 
season,  but  later  went  up  and  remained  relatively  high  as  long  as 
there  was  snow  to  melt.  The  percentage  of  run-off  from  B,  on  the 
other  hand,  was  higher  when  the  run-off  season  started  earlier  than 
the  average  or  when  there  were  relatively  high  melting  temperatures 
for  several  days  in  the  early  part  of  the  run-off  period. 

Run-off  on  A  started  on  April  29  in  both  1916  and  1918,  but  the 
melting  temperatures  were  relatively  low  except  for  short  periods 
until  May  26  and  June  1  in  these  years.  After  these  dates  the  tem- 
peratures rose  and  remained  high,  except  for  two  very  short  periods 
m  1916,  until  most  of  the  snow  had  melted.  The  percentage  of  run- 
off was  high  in  both  years. 

In  1919  the  nm-off  season  started  on  April  23.  There  had  been 
high  temperatures  but  no  run-off  from  April  16  to  23.  Following  a 
cold  spell  from  April  25  to  April  28,  the  temperature  again  went  up 
and  remained  high  (with  the  exception  of  one  day)  until  May  8, 
when  it  dropped  again  for  several  days  and  was  then  alternately 
up  and  down  until  the  snow  was  gone  from  both  areas.  B  had  a 
fairly  high  percentage  of  run-off,  as  compared  to  other  years,  but 
A's  was  its  lowest  on  record. 

In  1926,  the  run-off  began  April  24  on  A  and  April  27  on  B.  Tem- 
peratures were  sufficiently  high  for  11  days  to  cause  a  fairly  high 
flow  from  May  1  to  5  on  both  areas.  From  May  5  to  12  there  were 
no  melting  temperatures.  Theieafter,  very  favoiable  weather  for 
11  days  melted  the  snow  that  remained  on  B  and  caused  high  run- 
off from  A.  The  percentage  of  run-off  was  fairly  high  from  B  and 
the  highest  of  record  from  A. 

In  1928  run-off  started  April  29  and  was  greatly  iucreased  by  high 
temperatures  fiom  May  4  to  9,  and  during  this  year  watershed  B 
experienced  its  highest  recorded  percentage  of  run-off.  Subsequent 
to  May  8,  an  8-day  cool  spell  followed  by  intermittent  increases 
in  temperature  caused  the  third  lowest  percentage  of  run-off  recorded 
from  A,  in  spite  of  a  very  high  run-off  just  previous. 

The  years  1927  and  1929  were  very  much  alike.  The  run-off  sea- 
son started  May  13  and  May  7,  respectively,  on  A  and  April  30  and 
May  7  on  B,  but  the  persistence  of  low  temperatures  early  in  May 
in  1927  was  equivalent  to  a  late  start  on  both  areas  in  that  year. 
The  low  temperatures  prior  to  May  13  in  1927  and  May  12  in  1929 
were  unfavorable  for  a  high  percentage  of  run-off  from  B.  Although 
the  run-off  started  late  on  A  in  both  years — a  condition  usually 
favorable  for  a  high  percentage  of  run-off — high  melting  tempera- 
tures were  intermittent  after  May  13  and  May  12  in  the  respective 
years.  B  reached  its  lowest  percentage  of  recorded  run-off  in  both 
years,  whereas  A  was  intermediate. 

The  difference  in  the  lie  of  the  snow  apparently  accoimts  for  the 
differences  in  percentage  of  run-off  from  the  two  areas  vmder  identical 
air  temperatures.  The  snow  on  B  was  distributed  relatively  evenly, 
but  on  A  there  were  several  extensive  deep  drifts  and  on  otner  spots 
the  snow  was  relatively  shallow.  It  required  more  heat  units  to 
cause  run-off  where  the  snow  was  drifted  than  where  the  layer  was 
relatively  shallow.  Several  days  with  comparatively  high  tempera- 
tures for  the  time  of  the  year  at  the  beginnmg  of  the  melting  season 
were  sufficient  to  cause  quick  melting  and  high  run-off  where  the 
snow  was  shallow  or  in tei mediate  in  depth  on  both  areas.     The 
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early  run-off  came  from  the  entire  area  of  B  and  mostly  from  else- 
where than  the  deep  drifts  on  A.  On  the  other  hand,  when  the  early 
melting  tenipeiatures  were  comparatively  low  there  was  slow  melt- 
ing, and  the  ground  was  able  to  absorb  most  of  the  water  as  fast  as 
the  snow  melted.  Such  slow  melting  was  sufficient  to  melt  most  of 
the  more  even  layer  of  snow  on  B  and  the  more  shallow  snow  on  A 
without  much  run-off  before  higher  temperatures  occurred  but  was 
not  sufficient  to  cause  material  loss  of  water  from  the  deeper  drifts 
on  A.  However,  the  early  but  low  melting  temperatures  were  causing 
the  snow  in  the  drifts  on  A  to  settle  and  increase  in  density.  Con- 
sequently, if  high  temperatures  followed  for  a  protracted  period, 
there  was  a  high  run-off  from  the  drifts  sufficient  to  result  in  a  high 
percentage  of  run-off  from  A.  On  the  other  hand,  if  the  warm  pe- 
riods were  short  and  intermittent,  melting  was  retarded  but  not 
enough  to  prevent  continuation  of  absorption  at  full  capacity  by  the 
soil,  and  consequently  less  water  was  available  for  surface  run- 
off and  the  outcome  was  a  low  or  medium  percentage  of  surface 
run-off  from  A. 

The  results  may  be  summarized  as  follows:  A  high  percentage  of 
surface  run-off  occurs,  if,  after  the  snow  has  reached  melting  density, 
relatively  high  temperatures  continue  until  practically  all  the  snow 
has  gone.  Such  conditions  afford  a  minimum  of  time  for  water  to 
be  absorbed  by  the  soil.  On  the  other  hand  a  low  percentage  of  sur- 
face run-off  occurs  when  theie  are  intermittent  periods  of  high  and 
low  melting  temperatures  after  the  snow  has  reached  melting  density 
or  when  the  melting  temperatuies  are  relatively  low  throughout 
the  spring  run-off  period.  These  conditions  are  favorable  for  a  rel- 
atively high  proportion  of  the  water  to  enter  the  soil. 

EROSION 

The  average  quantity  of  sediment  removed  from  each  acre  by 
run-off  from  melted  snow,  as  shown  in  Table  8,  was  small  for  both 
areas.  The  maximum  was  32.91  cubic  feet  from  B  in  1919  and  the 
minimum  was  1.87  cubic  feet  from  the  same  area  in  1929.  One  out- 
standing point  of  interest  w  as  the  lack  on  either  area  of  a  consistent 
relationship,  one  year  with  another,  between  the  quantity  of  run-off 
and  the  quantity  of  sediment  eroded.  The  average  quantity  of 
sediment  removed  by  each  1,000  cubic  feet  of  run-off  varied  for  A 
from  0.33  to  1.77  cubic  feet,  and  for  B  from  0.50  to  2.86  cubic  feet. 
There  was  a  tendency  for  the  quantity  of  sediment  to  be  approxi- 
mately the  same  from  both  areas  in  a  given  year,  regardless  of  the 
quantity  of  run-off.  The  only  notable  exception  was  in  1929  when  the 
sediment  removed  from  B  was  only  about  12  per  cent  as  great  as  fiom 
A.  The  relatively  slight  erosion  from  melted  snow  makes  it  difficult 
to  account  for  the  variation  in  quantity  of  sediment  removed  by 
each  thousand  cubic  feet  of  run-off  from  melted  snow  from  year  to 
year,  since  such  slight  differences  may  have  been  caused  by  any  of 
a  number  of  factors,  such  as  rate  of  melting  at  various  times  during 
the  run-off  season;  quantity  of  sediment  deposited  in  the  gullies  and 
other  drainage  channels  by  wind  or  run-off  the  summer  before; 
loosening  of  soil  by  pocket  gophers;  and  the  quantity  of  dead  plant 
material  on  the  ground. 
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SOURCES  OF  SEDIMENT  CARRIED  BY  MELTED  SNOW 

It  has  been  observed  repeatedly  that,  although  the  water  was 
practically  clear  when  it  ran  off  the  experimental  watersheds,  as 
was  also  the  run-off  from  adjacent  areas  for  a  considerable  distance 
below  the  edge  of  melting  snow  banks,  the  stream  draining  the  area 
upon  which  the  experimental  watersheds  are  situated  was  carrying  a 
very  heavy  load  of  sediment  at  a  point  several  miles  below  the 
source  of  the  run-off.  The  explanation  appears  to  be  that  the  stream 
picked  up  this  load  some  distance  below  the  snow  banks.  The  run- 
off from  the  snow  banks  was  gathered  into  gullies  and  small  draws 
tributary  to  the  main  stream,  until  increasing  in  volume  and  velo- 
city at  some  point  farther  down  the  drainage  course  it  began  to  cut 
the  sides  and  bottoms  of  thelarger  gullies  and  the  channel  of  the  stream. 
This  cutting  action  increased  as  the  volume  and  velocity  of  the  flow 
and  the  silt  load  increased.  Moreover,  the  summer  rain  fall  run-off, 
which  carried  a  heavy  load  of  sediment  down  the  steeper  slopes  and 
small  drainages  of  high  gradient,  deposited  much  of  this  load  when  it 
reached  the  places  of  lower  gradient  along  the  larger  drainage  courses. 
Much  of  this  sediment  was  picked  up  again  and  carried  downstream 
by  the  much  larger  volume  of  run-off  from  melted  snow  the  following 
spring. 

RUN-OFF  AND  EROSION  FROM  SUMMER  RAINS 

Suiface  run-off  carrying  more  or  less  sediment  followed  one  or 
more  rainstorms  on  both  of  the  experimental  watersheds  in  each 
season  during  the  15-year  period,  except  in  1928.  The  quantity  of 
rainfall  and  run-off  from  each  of  these  effective  storms  and  of  sedi- 
ment removed  by  them  ^^  are  shown  in  Table  1 1 . 

"  The  precipitation  in  occasional  storms  late  in  the  season  consisted  of  rain  and  snow  or  snow  exclusively. 
Effective  storms  of  rain  and  snow  were  included  with  effective  rainstorms.  Effective  storms  of  snow  ex- 
clusively were  excluded. 
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The  rainfall,  run-off,  and  erosion  data  given  in  Table  11  are  sum- 
marized by  periods  in  Table  12.  Run-off  from  A  was  produced  79 
times  and  from  B  43  times,  or  an  average  of  5.3  times  each  year  from 
A  and  2.9  times  from  B. 

Table  12. — Average  yearly  number  of  storms,  seasonal  and  effective  rainfall,  and 
run-off  per  acre,  run-off  per  cent,  and  sediment  removed  per  acre,  by  periods, 
1915-1929 


Period 

Water- 
shed 

Storms, 
yearly 

Sea- 
sonal 
rain- 
faU 

Effec- 
tive 
storms 

Effective 
precipitation 

Rnn-ofl 

Effec- 
tive 
precipi- 
tation 
run-off 

Total 
precipi- 
tation 
run-off 

Sedi- 
ment 
eroded 

Sedi- 
ment 
per  100 
cubic 
feet  of 
run-off 

No. 

In. 

No. 

In. 

Ca.ft. 

cu.n. 

In. 

P.ct. 

P.d. 

Cu.fl. 

Cu.n. 

{^ 

26.2 

5.08 

5.5 

2.43 

8,833 

912.6 

8.2514 

10.33 

4.96 

133.82 

14.68 

25.2 

5.  .34 

2.7 

1.67 

6,068 

153.1 

.0422 

2.52 

.79 

24.67 

16.11* 

/    A 
I    B 

32.0 

6.73 

7.7 

2.91 

10,  551 

921.8 

.2539 

8.74 

4.43 

105.03 

11.39 

32.0 

5.81 

6.7 

2.37 

8,591 

260.6 

.0718 

3.  as 

1.24 

37.30 

14.31 

1924-1929... 

/    A 
I    B 

25.2 

4.20 

3.8 

1.49 

5,409 

297.1 

.0819 

6.49 

1.96 

19.15 

6.45 

25.2 

4.33 

1.7 

.72 

2,626 

137.4 

.0378 

5.23 

.87 

7.73 

5.63 

There  was  an  average  of  2.16  times  more  run-off  to  the  acre  from 
A  than  from  B  during  the  6-year  period  from  1924  to  1929.  As 
with  run-off  from  melted  snow,  this  is  accounted  for  largely  by  the 
differences  in  slope,  drainage  system,  and  soil  on  the  two  areas. 
Even  though  other  conditions  may  eventually  become  practically 
the  same  on  these  areas,  the  steeper  slope  and  the  central  drainage 
channel  on  A  will  aWays  involve  the  probability  of  a  greater  run-off 
from  A  than  from  B.  Also,  at  least  for  the  period  of  this  study,  the 
system  of  shoestring  gullies  spreading  over  much  of  A,  eroded  prior  to 
the  start  of  the  experiment,  because  of  their  considerable  part  in  the 
gathering  and  discharge  of  moisture  must  be  ranked  as  a  highly  im- 
portant factor  in  causing  the  greater  run-off  from  this  area.  Again, 
as  shown  in  Table  2,  the  soils  with  conditions  favorable  to  rapid 
run-oft'  in  1919  occupied  65.7  per  cent  of  the  area  of  A  and  only  11.5 
per  cent  of  the  area  of  B. 

There  was  a  wide  variation  in  the  quantity  of  precipitation  during 
effective  storms.  It  varied  on  A  fro'm  a  minimum  of  0.06  inch  to  the 
maximum  of  1.5  inches  during  the  period  from  1915  to  1920,  when 
there  was  16  per  cent  of  a  complete  cover  of  vegetation  on  the  area; 
and  from  a  minimum  of  0.1  inch  to  a  maximum  of  0.92  inch  during 
the  period  from  1924  to  1929,  when  there  was  40  per  cent  of  a  com- 
plete plant  cover.  Precipitation  in  noneffective  storms  varied  on  A 
from  a  trace  to  0.65  inch  during  the  former  perit)d  and  from  a  trace 
to  0.61  inch  during  the  latter  period.  The  quantity  of  precipitation 
in  the  effective  storms  on  B  varied  during  the  15-year  period  from  a 
minimum  of  0.08  inch  to  the  maximum  of  1.5  inches,  and  noneffec- 
tive storms  ranged  from  a  trace  to  0.94  inch  of  rain  and  1.36  inches  of 
snow  and  rain. 


INFLUENCE  OF  QUANTITY  AND  INTENSITY  OF  RAINFALL 

The  chief  factors  influencing  the  degree  or  lack  of  run-off  on  the  two 
experimental  watersheds,  aside  from  the  density,  character,  dis- 
tribution, and  use  of  vegetation,  are  the  character  of  the  rainfall, 
including  the  quantity  that  falls  during  a  storm;  intensity  of  rainfall, 
or  the  rate  of  fall  during  a  given  unit  of  time;  and  the  moisture  con- 
tent of  the  soil,  particularly  of  the  surface  layer,  when  rainfall  occurs. 
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The  effective  and  noneffective  storms  (except  precipitation  that 
was  snow  exclusively)  occurring  from  July  1  to  September  30  each 
year  on  both  areas  (to  October  17  in  1918)  are  classified  in  Table  13 
according  to  quantity  of  precipitation  for  the  periods  1915  to  1920 
and  1924  to  1929,  and  the  intervening  3-year  period. 

Table  13. — Classification  according  to  quantity  of  rainfall  of  effective  and  non- 
effective storms  ^ 


Water- 
shed 

Storms 

Number  of  storms  by  rainfall  record  classes 

Period 

© 
d 

a 
1 

a 
? 

d 

i 
? 

d 

a 

5 

i 

d 

Xi 
o 

.a 
? 

d 

a 
S 
? 

d 

■g 
a 

? 

d 

.^3 

5 
? 

d 

i 
? 

So 

1 
2 

a 

0 

H 

f    A 
A 
B 
B 
A 
A 
B 
B 
A 
A 
B 
B 

Effective 

2 

64 

.? 

7 
15 

5 
17 

1 

9 

3 
10 

6 
15 

3 
17 

4 
6 
2 
10 
4 
4 
2 
7 
3 
2 
1 
7 

3 

4 

1 
5 
4 
1 
4 

"2 
4 

1 
6 

3 

1 
.... 

2 

1 
1 
3 
2 
1 

2 

1 

22 

33 

Noneffective 

118 

Effective 

.... 

1 
1 
1 



33 

16 

Noneffective..-    .    .. 

66 
4 

40 
2 

38 

1 

73 

32 

4 
19 

2 
23 

4 
30 

1 
33 

135 

Effective 

23 

Noneffective 

73 

1 
1 
3 
2 
2 
6 

1 

—  - 

1 

61 

17 

Noneffective...  .  .  .. 

79 

Effective.      

1 
2 
1 

.... 

—  - 

23 

Noneffective 

^?H 

Effective 

-— 

1 

10 

Noneffective 

71 

.... 

141 

1  The  data  in  this  table  are  inclusive  of  October,  1918,  and  exclusive  of  all  storms  that  were  snow  only. 

2  1.36  and  1.5  inches. 

3 1.43,  1.09,  and  1.5  inches. 
*  1.36  inches, 
s  1.22  inches. 
6 1.28  inches. 

A  large  majority  of  the  storms  up  to  0.5  inch  of  rainfall  produced 
no  run-off.  In  these  storms  the  rain  fell  slowly  and  was  absorbed 
by  the  soil.  But  if  slow  rains  continued  for  a  sufficient  period  the 
surface  layer  of  soil,  as  it  eventually  approached  the  saturation 
point,  could  not  take  up  all  the  water  as  fast  as  it  fell,  and  run-off 
resulted.  There  was  run-off  from  each  storm  in  which  the  pre- 
cipitation exceeded  0.65  inch  on  A  and  0.94  inch  on  B,  except  the  one 
storm  of  1.36  inches  of  combined  snow  and  rain  on  September  22, 
1918,  which  did  not  cause  run-off  from  B.  However,  the  greater 
the  intensity  of  the  rainfall,  the  smaller  was  the  quantity  required  to 
cause  run-off. 

The  rate  of  fall  in  each  5-minute  interval  of  the  main  portion  of  a 
number  of  both  effective  and  noneffective  storms,  as  recorded  by 
the  tipping-bucket  gauge  halfway  between  the  two  experimental 
areas,  is  shown  in  Table  14.  The  early  part  of  each  storm,  when  the 
rate  of  fall  in  a  5-minute  period  was  less  than  0.01  inch,  has  been 
grouped  in  the  ''forestorm"  which  caused  no  run-off;  and  the  part 
toward  the  end  of  the  storm,  when  fall  was  less  than  0.01  inch  for  each 
5-minute  interval,  has  been  grouped  under  the  head  of  ''afterstorm." 
Unfortunately  a  tipping-bucket  record  was  not  obtained  for  all 
storms.  Satisfactory  equipment  was  not  available  prior  to  1919  and 
during  most  of  1920  and  all  of  1921  was  not  in  operation.  The 
equipment  did  not  work  satisfactorily  part  of  the  time  in  subsequent 
years.  However,  the  available  records  are  adequate  to  show  the 
influence  of  intensity  of  rainfall  on  run-off. 
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A  comparison  of  Table  11  with  Table  14  shows  that  on  both  areas 
the  storms  accompanied  by  heavy  run-off  or  a  comparatively  high 
ratio  of  run-off  to  precipitation  were  usually  those  of  high  intensity.'* 
Run-off  from  storms  in  which  the  rate  of  fall  was  less  than  0.04  inch 
during  some  5-minute  interval  was  infrequent. 

The  storms  of  September  2,  1919,  August  13,  1923,  and  July  21 
and  27,  1927,  are  outstanding  for  lar^e  run-off  or  high  percentage 
of  run-off  to  precipitation.  The  intensity  in  the  first  of  these  storms 
reached  0.04  inch  of  rain  per  minute  and  0.44  inch  fell  in  15  minutes. 
The  storm  of  August  13,  1923,  reached  a  maximum  of  0.2  inch  in 
5  minutes  and  0.53  inch  in  15  minutes.  During  the  early  part  of 
the  storm  of  July  21,  1927,  0.18  of  the  first  0.21  inch  fell  in  7  minutes; 
SiiteT  a  lull,  0.09  inch  fell  in  1}^  minutes,  when  the  tipping-bucket 
rain  ^age  was  struck  by  lightning  and  put  out  of  commission ;  and 
0.38  inch  fell  in  a  very  brief  period  after  the  instrument  stopped 
recording. 

Occasionally  there  was  large  run-off  or  liigh  percentage  of  run-off 
from  a  storm  of  medium  intensity.  The  storms  of  September  15, 
1919,  reached  a  maximum  of  only  0.09  inch  during  a  5-minute  in- 
terval and  0.21  inch  during  15  minutes.  However,  the  surface  soil 
was  already  wet  from  a  storm  the  day  before  and  a  0.17  inch  fore- 
storm.  In  some  instances,  such  as  during  the  storm  of  July  27,  1924, 
a  small  run-off  and  low  percentage  of  run-off  occurred  from  a  storm 
of  medium  intensity  and  long  duration.  This  is  attributed  to  a  dry, 
cracked  soil.  Both  the  occurrence  and  degree  of  run-off  are  materially 
influenced  by  the  moisture  of  the  soil,  especially  of  the  surface  hon- 
zon  at  the  beginning  of  a  storm. 

MOISTURE  CONTENT  OF  THE  SOIL 

Other  things  being  equal,  the  drier  the  soil  at  the  beginning  of  a 
storm  the  less  likelihood  that  run-off  will  occur.  As  shown  in  Table 
13,  run-off  occurred  seven  times  from  A  and  twice  from  B  when  the 
rainfall  was  less  than  0.11  of  an  inch.  The  lowest  quantity  of  rain 
in  an  effective  storm  was  0.06  inch.  In  each  of  these  instances  the 
effective  storm  followed  0.25  inch  or  more  of  precipitation  on  the  two 
preceding  days.  On  the  other  hand,  a  ereat  majority  of  the  storms 
of  0.06  to  0.10  inch  occurred  when  the  soil  was  in  a  condition  to  absorb 
all  of  the  rain. 

Out  of  the  ninety-odd  storms  on  each  area  having  a  rainfall  of 
0.11  to  0.2  inch,  15  on  A  and  3  on  B  resulted  in  run-off.  All  but 
five  of  these  on  A  followed  a  total  rainfall  of  0.18  inch  or  more 
which  fell  earlier  in  the  day,  or  on  the  preceding  day.  Of  these 
five  storms  on  A,  those  on  July  15,  1918,  and  August  22,  1922,  were 
fairly  high  in  intensity  and  followed  fairly  heavy  rains  on  the  second 
day  previous.  The  storm  of  July  14,  1925,  which  was  effective  on 
both  areas,  had  not  been  preceded  by  rainfall  for  three  days  but  was 
of  rather  high  intensity,  a  maximum  of  0.05  inch  falling  in  two  minutes. 

Fourteen  storms  out  of  53  on  A  and  11  storms  out  of  55  on  B,  in 
which  the  precipitation  was  0.21  to  0.3  inch,  caused  run-off.  Eight 
of  these  on  A  and  10  on  B  had  been  preceded  by  rainfall  of  0.12  inch 

1*  In  this  comparison  ft  run-olT  from  A  of  lass  than  l.W  cubic  feet  to  the  acre  is  considered  low,  151  cubic 
feet  to  600  cubic  foet  medium,  and  .Wl  cubic  feet  and  over  high;  a  percentage  of  run-ofT  to  precipitation  of 
less  than  5  per  («nt  is  considered  low,  from  5  |)er  cent  to  10  per  cent  medium,  and  more  than  10  per  cent  high. 
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or  more  within  not  more  than  two  days.  Of  the  storms  which  re- 
sulted in  run-off  from  A  when  the  soil  was  comparatively  dry  just 
before  the  storm,  the  one  on  July  30,  1922,  was  of  high  intensity, 
0.08  inch  falling  in  five  minutes  during  part  of  the  storm;  two,  those 
on  July  10,  1925,  and  July  9,  1926,  caused  only  a  trace  of  run-off  and 
do  not  carry  much  weight;  and  there  is  no  record  of  the  intensity  of 
the  rainfall  for  the  storms  of  July  24,  1916,  September  6,  1917,  and 
July  8,  1927.  The  storms  of  July  10,  1925,  caused  a  trace  only  of 
run-off  from  B.  Eleven  storms  out  of  23  on  A  and  5  out  of  29  on  B, 
in  which  the  precipitation  was  from  0.31  to  0.4  inch,  caused  run-off. 
Eight  of  these  on  A  followed  rainfall  totaling  0.09  inch  or  more  and 
4  on  B  followed  0.2  inch  or  more  within  the  previous  2-day  period. 
Run-off  on  A  from  two  of  the  three  remaining  storms  resulted  on 
account  of  fairly  high  intensity  of  rainfall,  and  there  is  no  record 
of  the  intensity  of  the  one  remaining  storm  on  A  or  for  the  remain- 
ing one  in  this  precipitation  class  which  caused  run-off  from  B. 
Moisture  content  of  the  soil  played  a  big  part  in  the  run-off  when 
the  rainfall  exceeded  0.4  inch,  although  quantity  and  intensity  were 
of  equal  or  greater  importance. 

Baking  or  crusting  of  soil  during  very  dry  periods  in  no  way  in- 
creased rim-off,  except  possibly  in  a  few  places  on  soil  9.  Soil  20, 
which  represents  the  normal  heavy,  uneroded  soil  of  the  slopes  and 
has  a  high  humus  content,  and  the  rocky  soils  on  the  areas  did  not 
cake  or  become  crusted.  The  eroded  slope  soils  for  the  most  part 
cracked  on  drying.  In  some  places  the  fissures  so  formed  were  2 
inches  in  width  and  18  inches  in  depth.  These  cracks  encouraged 
entry  of  precipitation  and  run-off  into  the  soil.  This  condition  was 
especially  noticeable  in  1924  and  1928.  The  storms  on  July  9  and 
September  8,  1924,  and  September  27,  1928,  very  likely  would  have 
caused  run-off  had  the  soil  been  moist  or  had  the  cracks  been  absent 
at  the  beginning  of  these  storms.  In  places,  soil  9  crusted  to  a  depth 
of  an  inch  or  more  on  drying,  a  condition  that  aided  run-off.  How- 
ever, the  extent  of  area  on  which  this  happened  was  too  hmited  to 
influence  run-off  from  the  area  as  a  whole. 

QUANTITY  OF  SEDIMENT  TRANSPORTED 

Although  the  total  quantity  of  sediment  eroded  by  rainfall  run-off 
from  A  was  much  greater  than  from  B,  the  quantity  in  each  volume 
unit  of  run-off  was  much  the  same  for  both  areas.  As  shown  in  Table 
11  the  sediment  carried  by  each  100  cubic  feet  (0.02755  inches)  of 
run-off — termed  ''the  sediment-run-off  ratio"— was  not  widely  differ- 
ent in  most  years  on  the  two  areas.  The  quantity  was  slightly  greater 
on  A  in  four  of  the  years  and  greater  on  B  in  eight  of  the  years  in  which 
there  was  more  than  a  trace  of  erosion  on  both  areas.  As  shown  in 
Table  12  there  was  slight  difference  between  the  two  areas  for  the 
different  periods.  The  average  sediment-run-off  ratio  during  the 
15-year  period  was  12.30  on  A  and  12.13  on  B.  In  other  words,  a 
given  quantity  of  run-off  from  either  area  removed  on  the  average  the 
same  quantity  of  sediment. 

However,  the  sediment-run-off  ratio  varied  widely  among  individual 
storms,  individual  years,  and  groups  of  years  on  both  areas.  The 
variation  on  A  was  from  as  little  as  a  trace  of  sediment  to  a  ratio  of 
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49.35,  and  on  B  from  a  trace  to  a  ratio  of  42.86,  excluding  one  extreme 
case  of  very  little  run-off  and  equal  quantities  of  water  and  sediment. 
The  sediment-run-ofF  ratio  for  the  period  1924  to  1929  was  only  35  to 
57  per  cent  as  large  on  the  two  areas  as  it  was  during  the  periods  1915 
to  1920  and  1921  to  1923.  Although  the  reasons  for  these  variations 
are  not  fully  apparent,  it  is  evident  that  several  conditions  affected 
the  sediment  load. 

There  was  a  tendency,  as  shown  in  Table  15,  for  the  run-offs  in  excess 
of  100  cubic  feet  per  acre  to  have  a  lower  sediment-run-off  ratio  than  the 
smaller  run-offs.  Very  much  the  same  tendency  is  shown  by  the  average 
value  in  individual  years.  The  smaller  run-offs  were  of  sufficient  vol- 
ume and  velocity  to  carry  away  a  proportionately  larger  quantity  of 
the  soil  lying  free  in  the  gullies  and  on  the  surface.  Although  the  larger 
run-offs  had  greater  volume  and  velocity  and  could  remove  most  or 
all  of  the  loose  surface  material  from  extensive  areas  of  the  watersheds 
and  in  addition  cause  some  cutting  of  the  more  compacted  soil,  they 
could  not  maintain  this  rate  of  soil  removal  throughout  their  flow.  The 
heavy  load  of  sediment  was  removed  in  the  early  part  of  the  larger 
run-offs;  in  the  latter  part  the  surf  ace  soil  had  been  cleared  of  loose 
material,  and  the  run-off  was  too  light  to  loosen  additional  material. 

Table  15. — Classification  of  rainstorms,  run-off,  and  erosion   per  acre  according 
to  quantity  of  rainfall  run-off 
AVERAGE  OF  1915-1920  STORMS 


Watershed  A 

Watershed  B 

Run-off  class 

Storms 

Run-olT  1 

Sediment 
eroded 

Sediment 

per  100 
cubic  feet 
of  run-off 

Storms 

Run-off » 

Sediment 
eroded 

Sediment 

per  100 
cubic  feet 
of  run-off 

Cubicfeet 
0.1  to  10 -- 

Number 
3 
11 
6 

Cubicfeet 
7.0 
33.0 
76.0 

Cubicfeet 

1.6 

6.7 

21.6 

Cubic  feet 
22.86 
20.30 
28.42 

Number 
4 
5 
2 

Cubicfeet 
2.4 
26.5 
73.4 

Cubicfeet 
0.6 
6.0 
17.4 

Cubicfeet 
25.00 

10.1  to  50 

22.64 

50.1  to  100 

23.71 

100.1  to  200 

200.1  to  300- - 

3 

1 
4 

234.8 
362.0 
892.1 

45.3 
67.2 
98.0 

19.29 
18.56 
ia99 

1 

259.0 
368.9 

21.2 
59.2 

&19 

300.1  to  400 

16w05 

400.1  and  up 

AVERAGE  OF  1921-1923  STORMS 


0.1  to  10 

10.1  to  50 

60.1  to  100.... 
100.1  to  200.- 
200.1  to  300... 
300.1  to  400... 
400.1  and  up. 


1. 

24. 

73. 
123. 
265. 


717.2 


0.2 

1.6 

10.0 

17.2 
16.8 


78.9 


14.29 
6.61 
13.62 
13.92 
6.32 


11.00 


4.0 
37.  5 
56.0 
193.9 
207.8 


0.6 
7.5 
7.7 
23.1 
2&1 


12.50 
20.00 
13.75 
11.91 
12.08 


AVERAGE  OF  1924-1929  STORMS 


0.1  to  10 

1 
4 

1 
1 

9.8 

18.6 

60.8 

108.4 

0.6 

.0 

11.7 

14.7 

5.10 
4.86 
23.03 
13.66 

1 
2 

6.2 
22.3 

0.6 
1.4 

&06 

10.1  to  50 

a28 

50.1  to  100 

100.1  to  200 

200.1  to  300 

1 

286.6 

ia2 

i.M 

300.1  to  400 

1 
1 

324.8 
1, 187. 0 

28.9 
56.5 

8.90 
4.68 

400.1  and  up 

» 

481.2 

30.0 

&23 

AVERAGE  OF  1915-1929  STORMS 


0.1  to  10 

10.1  to  50 

50.1  to  100.... 
100.1  to  200- 
200.1  to  300... 
300.1  to  400.- 
400.1  and  up 


8 

4.59 

0.  75 

16.34 

11 

3.59 

0.66 

19 

28.12 

4.39 

15.61 

12 

30.40 

5.86 

10 

72.  71 

17.12 

23.55 

6 

63.00 

11.62 

7 

121.43 

16.87 

13.89 

1 

193.90 

23.10 

4 

242.60 

38.18 

16.74 

3 

244.47 

19.83 

2 

343.  40 

48.05 

13.99 

1 

368.90 

69l20 

7 

884.27 

86.49 

9.78 

1 

481.20 

3a  00 

16.60 
19.24 
ia44 
11.91 

R.11 
1&06 

&23 


»  Cubic  feet  of  run-off  can  be  translated  into  inches  of  run-off  by  multiplying  the  number  of  cubic  feet 
of  run-off  by  0. 0002755. 
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Even  though  surface  run-off  was  no  greater  on  account  of  utiliza- 
tion of  the  forage,  trampHng  by  the  sheep  that  grazed  the  areas  appears 
to  have  increased  sediment  removal  to  some  extent,  at  least  in  the 
first  effective  storm  that  caused  20  or  more  cubic  feet  (0.0055  inch)  of 
run-off  following  the  date  of  grazing.  One  or  more  such  storms  oc- 
curred on  A  in  1917,  1918,  and  1919  and  on  B  in  1916,  1919,  1920, 
1921,  and  1922.  The  record  in  Table  11  shows  that,  for  each  of  these 
storms  first  occurring  after  grazing,  the  sediment-run-off  ratio  was 
higher  than  the  average  for  the  respective  years,  except  in  1918  when 
the  average  for  the  year  was  slightly  higher  on  A.  In  1917  there  was  a 
run-off  on  A  several  days  before  grazing,  with  a  sediment  ratio  of 
18.56.  Two  days  after  grazing  there  was  a  run-off  with  a  ratio  of 
31.63.  A  run-off  having  a  sediment-run-off  ratio  of  23.55  occurred 
on  A  two  weeks  before  grazing  in  1919,  and  11  days  after  grazing  a 
run-off  occurred  in  which  the  ratio  was  49.35.  This  increase  is  ex- 
plained by  the  manner  in  which  sheep,  in  trampling,  broke  off  the 
edges  of  the  gullies  and  rolled  more  or  less  material  into  the  bottoms, 
and  also  loosened  up  to  some  extent  the  soil  on  the  surface  between 
the  gullies.  Examination  of  watershed  B  after  grazing  by  cattle  re- 
vealed a  trampling  effect  similar  to  that  due  to  sheep.  There  were, 
however,  no  effective  storms  causing  sufficient  run-off  to  make  it 
possible  to  compare  effects  of  cattle  and  sheep  trampling. 

Soil  moisture  content  also  appeared  to  have  had  an  influence  on 
the  sediment  load.  Of  10  instances  on  A  when  the  run-off  exceeded 
50  cubic  feet  (0.  0138  inch)  to  the  acre  and  the  soil  was  quite  dry 
before  the  storm,  7  were  above  and  3  were  below  a  sediment  ratio 
of  14.  Of  20  similar  instances  when  the  soil  was  fairly  moist  before 
the  storm,  8  were  above  and  12  were  below  this  ratio.  Of  4  run- 
offs on  B  that  exceeded  25  cubic  feet  to  the  acre  and  occurred  when 
the  soil  was  dry  before  the  storm,  3  were  above  and  1  below  the 
ratio  of  14;  and  of  15  equally  large  run-offs  when  the  soil  was  fairly 
moist,  5  were  above  and  10  below  the  ratio  of  14. 

The  higher  sediment  load  from  dry  soil  than  from  moist  soil  is 
believed  to  be  due  to  the  difference  between  the  crumb  or  granular 
and  the  fragmental  character  of  the  dry  surface  soil  and  its  tendency 
to  coalesce  and  become  stiffer  and  less  easily  affected  by  running 
water  when  moist. 

THE  INFLUENCE  OF  VEGETATION  ON  RUN-OFF  AND  EROSION 

The  density  of  the  plant  cover  is  the  factor  influencing  run-off 
and  erosion  that  has  changed  most  on  watershed  A  during  the  pe- 
riod of  the  study.  As  already  pointed  out,  the  vegetation  on  A  oc- 
cupied 16  per  cent  of  the  surface  of  the  ground  during  the  period 
1915  to  1920  and  40  per  cent  of  the  surface  during  the  period  1924 
to  1929.  The  soil,  more  especially  the  surface  horizon  with  its  greater 
quantity  of  vegetation  and  degree  of  weathering,  may  have  been 
slightly  higher  in  humus  content  and  of  a  little  better  texture  and 
structure  in  the  latter  period,  but  there  could  have  been  no  material 
improvement  in  six  years.  Some  of  the  smaller,  shoes tiing  guUies 
had  been  more  or  less  filled  up  and  erased  during  the  last  six  years, 
but  this  was  largely  the  indirect  result  of  the  increase  in  plant  cover. 
Slope  and  other  surface  conditions  remained  the  same.  Any  modi- 
fication of  run-off  and  erosion  during  the  last  as  compared  to  the 


54         TECHNICAL  BULLETIN  220,  U.  S.  DEPT.  OF  AGRICULTURE 

first  6-year  period  may  therefore  be  charged  almost  directly  to  the 
change  in  plant  cover. 

The  effect  on  rainfall  run-off  and  erosion  where  there  is  a  40  per 
cent  cover  of  vegetation  as  compared  to  a  16  per  cent  cover  is  shown 
by  a  comparison  of  A/B  ratios  during  the  period  there  was  a  40  per 
cent  cover  on  both  A  and  B  (1924-1929)  with  similar  ratios  during 
the  period  there  was  a  16  per  cent  cover  on  A  (1915-1920).  A  direct 
comparison  of  run-off  and  erosion  values  on  A  during  the  later  period 
with  the  values  during  the  earlier  period  is  not  appropriate  because 
of  the  variation  in  the  quantity  and  intensity  of  rainfall  in  individual 
storms,  the  distribution  of  rainstorms,  and  the  moisture  content  of  the 
soil  when  rainstorms  occurred.  Certain  of  the  values  obtained  in  the 
measurements  of  run-off  and  erosion  from  melted  snow  lend  them- 
selves to  a  direct  comparison  of  the  later,  and  the  earUer  results  on  A. 

INFLUENCE  ON  MELTED-SNOW  RUN-OFF  AND  EROSION 

The  40  per  cent  cover  of  largely  herbaceous  vegetation  on  A  ap- 
parently had  no  greater  influence  on  surface  run-off  from  melted 
snow  than  the  16  per  cent  cover,  except  as  the  roots  may  have  loos- 
ened the  soil  slightly  or  as  the  decaying  plant  material  may  have 
improved  sHghtly  the  absorbing  capacity  of  the  soil.  As  shown  in 
Table  8  an  average  of  56.  3  per  cent  of  the  available  water  supply 
ran  off  during  the  three  years  when  only  16  per  cent  of  the  surface 
of  the  area  was  occupied  by  vegetation  and  60.  2  per  cent  ran  off 
after  the  vegetation  increased  to  40  per  cent.  The  slightly  higher 
percentage  of  run-off  in  the  later  period  is  probably  due  to  melting 
conditions  rather  than  to  the  cover.  The  herbaceous  vegetation 
that  was  not  grazed  died  down  during  the  winter  and  w^as  flattened 
to  the  ground  by  the  weight  of  the  snow.  The  water  from  melted 
snow  accumulated  so  slowly  that  the  flattened  vegetation  apparently 
offered  but  Uttle  physical  obstruction  to  the  run-off.  It  appears  log- 
ical that  the  added  vegetation  eventually  will  improve  the  humus 
content  of  the  soil  and  increase  absorption  of  the  melted  snow;  in 
this  study  not  enough  additional  organic  matter  accumulated  dur- 
ing the  few  years  following  the  improvement  in  cover  to  exert  much 
influence. 

The  average  quantities  for  A  of  sediment  eroded  from  each  acre 
and  removed  by  each  thousand  cubic  feet  (0.  2755  inch)  of  run-off  for 
the  years  1926  to  1929  were  smaller  than  the  averages  for  the  three 
years  1916,  1918,  and  1919.  This  indicates  that  the  increase  from 
a  16  per  cent  to  a  40  per  cent  plant  cover  has  reduced  the  erosion 
caused  by melted-snow  run-off  by  57.  1  percent.  There  are  not  suf- 
ficient years  of  records  for  B  prior  to  1920  to  confirm  this  indication 
by  a  comparison  of  results  on  A  with  those  on  B. 

INFLUENCE  ON  RAINFALL  RUN-OFF  AND  EROSION 

A  summarjr  of  the  yearly  surface  run-off,  run-off  percentage  of 
effective  precipitation,  and  erosion  is  given  in  Table  16,  together  w4th 
A/B  ratios  for  each.  This  table  shows  a  rather  wide  range  in  the 
A/B  ratios  during  the  first  and  last  periods.  Two  years,  1918  and 
1929,  are  outstanding  in  having  high  ratios.  Careful  search  has  been 
made  of  the  conditions  as  recorded  for  each  storm  in  each  year  to 
ascertain  the  cause,  but  no  explanation  has  been  found  other  than 
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the  less  favorable  conditions  on  A  of  drainage  system,  slope,  and  soil 
for  the  absorption  of  moisture,  and  the  variability  in  the  absorptive 
properties  of  the  several  soils  as  influenced  by  moisture  content.  The 
results  for  1918  include  the  storms  of  September  22,  when  there  was 
1.36  inches  of  precipitation  in  the  form  of  rain,  snow,  and  hail,  which 
caused  heavy  run-off  from  A  and  none  from  B.  The  snow  and  hail 
which  melted  soon  after  the  storm  caused  most  of  the  run-off.  Rec- 
ords of  run-off  from  melted  snow  in  the  spring  show  that  the  run-off 
from  this  source  was  always  measurably  larger  on  A.  The  ranges 
in  the  A/B  ratios  from  year  to  year  indicate  the  wide  variation  that 
may  be  expected  under  such  conditions  as  exist  on  the  two  areas, 
and  in  view  of  the  differences  in  conditions  surrounding  individual 
storms.  For  this  reason  the  averages  by  periods  are  better  indicators 
of  the  influence  of  the  increase  in  vegetation  on  watershed  A  on 
run-off  and  erosion. 


Table  16. — Summary  and  A/B  ratios  of  rainfall  run-off  and  erosion 


Values  per  acre  for 
watershed  A 

Values  per  acre  for 
watershed  B 

A/B  ratios 

Year 

Surface  run-off  i 

Sedi- 
ment 

Surface  run-off  i 

Sedi- 
ment 

Run-off 
volume 

Run-off 

per 
cent  1 

Sedi- 
ment 

1915 

Cki.ft. 
245.2 
128.6 
505.5 

1,  484.  7 

2,  405.  3 
706.4 

In. 
0. 0676 
.0354 
.1392 
.4089 
.6627 
.1946 

P.ct. 
9.65 
2.04 
6.57 
8.16 

24.54 
8.35 

Cu.ft. 
63.8 
28.9 
109.4 
243.3 
241.3 
116.2 

Cu.ft. 
26.6 
74.4 
56.8 
14.6 
629.3 
117.1 

In. 
0.0073 
.0205 
.0156 
.0040 
.1733 
.0322 

P.ct. 
0.51 
2.23 
1.44 
.12 
8.33 
2.58 

Cu.ft. 
10.6 
11.7 
6.4 
2.7 
80.4 
36.2 

9.22 
1.73 

8.90 

101.  69 

3.82 

6.03 

18.92 

.91 

4.56 

68.00 
2.95 
3.24 

6.02 

1916...           

2.47 

1917 

1918 

1919  . 

17.09 

90.11 

3.00 

1920 

3.21 

Average 

912.6 

.2514 

10.33 

133. 82 

153.1 

.0422 

2.52 

24.67 

5.96 

4.10 

5.42 

1921 _.     _ 

1, 828. 1 
290.9 
646.5 

.5035 
.0801 
.1782 

9.6S 
4.01 
11.72 

186.7 
50.6 

77.8 

505.4 
68.2 
208.2 

.1393 
.0187 
.0573 

2.89 
1.59 
5.21 

65.3 
21.5 
25.1 

3.62 
4.27 
3.11 

3.35 
2.52 
2.25 

2.86 

1922 

2  35 

1923 

3.10 

Average 

921.8 

.2539 

8.74 

105. 03 

260.6 

.0718 

3.03 

37.30 

3.54 

2.88 

2.82 

1924.. 

2.4 

23.1 

62.4 

1,544.8 

149.9 

.0007 
.0064 
.0173 
.4256 
.0414 

.08 

.59 

.72 

15.65 

2.12 

0) 
1.1 
11.7 
85.7 
16.4 

2.7 
19.4 
37.9 

758.5 
6.2 

.0007 
.0053 
.0104 
.2090 
.0017 

.08 

.91 

1.32 

14.12 

.28 

8 

2.4 

43.5 
.5 

.89 

1.19 

1.65 

2.04 

24.18 

1.00 
.65 
.55 

1.11 

7.57 

(2) 

1925 

(2) 
4.88 

1926 

1927.. 

1.97 

1929 

32.80 

Average  ^ 

297.1 

.0819 

5.49 

19.15 

137.4 

.0378 

5.23 

7.73 

2.16 

1.05 

2.48 

'  Percentages  are  based  on  effective  precipitation. 

2  Trace. 

3  No  effective  storms  in  1928. 


The  average  annual  quantity  of  run-off  from  rainstorms,  as  shown 
in  Table  16,  was  5.96  times  as  great  on  A  as  on  B  during  the  first 
6-year  period.  During  the  last  6-year  period  it  was  only  2.16  times 
as  great.  This  is  a  reduction  of  63.8  per  cent  in  the  A/B  ratio. 
The  run-off  during  the  intermediate  period  averaged  3.54  times  as 
great,  or  40.6  per  cent  less  than  the  earlier  figures.  The  number  of 
effective  storms  on  A  was  2.06  times  greater  during  the  first  period, 
1.35  times  greater  during  the  second,  and  2.30  times  greater  during 
the  third  period.  The  percentage  of  the  effective  precipitation  that 
ran  off  was  4.10  times  as  great  on  A  during  the  earlier  period,  2.88 
times  as  great  during  the  intermediate  period,  and  1.05  times  as  great 
during  the  last  six  years.     These  are  reductions  in  the  ratio  of  29.8 
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per  cent  and  74.4  per  cent  for  the  1921-1923  and  1924-1929  periods, 
respectively.  The  A/B  ratios  developed  from  record  of  number  of 
storms  causing  run-off  and  percentage  run-off  of  effective  precipita- 
tion as  well  as  the  quantity  of  precipitation  in  effective  storms  (Table 
12)  indicate  at  instead  of  relatively  fewer  stonns  causing  run-off 
during  the  la  6-year  period  the  reduction  in  surface  run-off  has 
come  about  la  ly  through  a  lessening  of  the  run-off  in  effective 
storms. 

The  amount  of  sediment  eroded  on  A  was  5.42  times  that  on  B 
in  the  first  period,  2.82  times  in  the  second,  and  2.48  times  in  the 
third.  These  are  reductions  in  the  erosion  ratios  of  48  and  54.2  per 
cent  for  the  second  and  third  periods,  respectively,  as  compared  to 
the  first  6-year  period. 

The  influence  of  herbaceous  vegetation  on  rainfall  run-off  and 
erosion,  as  shown  by  the  A/B  ratios,  may  be  stated  in  other  terms 


SURFACE  RUN-OFF 


SEDIMENT  ERODED 


-Comparison  of  run-off  and  sediment  eroded  from  lands  under  40  jier  cent  and  16 
per  cent  plant  cover 

as  follows:  A  series  of  rainstonns  over  a  period  of  years  would  result 
in  approximately  only  36  per  cent  as  much  surface  run-off  and  46 
per  cent  as  much  erosion  when  there  is  40  per  cent  of  a  complete 
plant  cover  consisting  chiefly  of  herbaceous  vegetation  as  when  there 
IS  only  a  16  per  cent  complete  cover.  This  comparison  is  shown  in 
Figure  19.  The  intermediate  stage  is  included  in  the  figure  to  show 
the  trend  was  normal  over  the  3-year  period  when  the  vegetation 
was  increasing  from  16  to  40  per  cent  of  a  complete  cover. 


THE  MANNER  IN  WHICH  VEGETATION  ACTS  AS  A  CHECK 

The  herbaceous  plant  cover  acts  as  a  direct  check  on  run-off  and 
erosion  in  a  number  of  ways.  The  outstanding:  changes  in  the  vege- 
tation between  the  earlier  and  later  periods  of  the  experiment  were 
as  follows:  A  general  increase  in  the  density  and  quantity  of  vege- 
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tation  on  the  ground  formerly  sparsely  occupied  by  plant  growth 
(pi.  1,  B);  the  establishment  of  considerable  vegetation  on  places 
that  were  bare  before  1920;  the  extensive  replacement  of  small  annuals 
and  some  of  the  perennial  plants  having  limited,  nonfibrous  root 
systems  by  grasses  and  perennial  weeds  having  spreading  fibrous  root 
systems;  and  the  establishment  of  plants  on  the  bottoms  and  slopes 
of  many  of  the  gullies.     (Figs.  20  and  21.) 

The  additional  vegetation  helped  in  the  following  ways  to  increase 
the  activity  of  the  former  vegetation  in  checking  run-off:  By  break- 
ing the  impact  of  raindrops  on  the  ground;  by  intercepting  a  portion 
of  the  moisture  before  it  reached  the  surface  of  the  ground;  by 
extracting  some  of  the  moisture  from  the  soil,  so  that  it  was  capable 
of  absorbing  more  water  when  rainfall  occurred  than  would  otherwise 
have  been  possible;  by  adding  to  the  humus  content  and  loosening 
the  consistence  of  the  soil  and  thereby  improving  its  absorptive  and 


Figure  20.— Many-flowered  bromegrass  (left  foreground)  and  mountain-dandelion  (right  foreground) 
(1925)  reclaiming  gullies  caused  by  rapid  run-off.  These  two  plants,  if  given  the  chance,  become 
established  along  the  small  channels  and  check  run-olY  and  erosion  in  them 

water-holding  capacities;  by  the  direct  interposition  of  leaves  and 
stems  which  help  to  keep  the  run-off  spread  out  instead  of  concen- 
trating its  volume  in  gullies,  and  which  also  form  nucleuses  around 
which  other  fragments  of  dead  plants  and  other  material  collect  to 
form  miniature  dams  and  terraces  and  further  check  and  retard 
run-off;  and  by  straining  out  and  reducing  the  quantity  of  fine  soil 
material  in  the  water  and  thus  rendering  it  more  free  to  seep  into 
the  soil. 

Certain  types  of  plants  proved  especially  effective  in  checking 
run-off  and  erosion.  Many-flowered  bromegrass  and  mountain- 
dandeUon,  more  than  other  species,  sprang  up  in  the  bottoms  of  the 
gullies.  (Figs.  20  and  21.)  Once  established  in  the  guUies,  these 
species  resisted  the  rush  of  water  from  the  heaviest  rainstorms. 
Sweet  sage  is  a  fairly  densely  matted  plant  with  vigorous  rootstocks 
that  gradually  spread  in  all  directions.  A  plant  started  near  the  edge 
of  a  gully  soon  spread  down  and  across  the  depression,  forming  a 
persistent  dam.  Thereafter  water  flowing  past  drops  part  of  its 
sediment  at  this  dam,  and  a  small  alluvial  fan  is  formed.  The  sedi- 
ment thus  deposited  remains  permanently,  the  matted,  fairly  deep 
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root  systems  of  sweet  sage  securing  it  against  being  washed  out. 
Other  species  that  have  much  the  same  form  of  growth  and  serve  to 
check  run-off  and  erosion  in  a  similar  manner  are  pentstemon,  yarrow, 
and  Kentucky  bluegrass. 

Vegetation  aided  in  checking  erosion  in  the  following  ways:   By 
obstructing  the  rain  where  it  fell  and  keeping  the  run-off  spread  out 


FKiURE  21. —Gully  originally  0  to  8  inches  deep  reclaimed  by  many -flowered  bromegrass  (1927). 
The  vegetation  clogs  the  gully  and  arrests  run-ofi  and  erosion 

and  reducing  its  rate  of  flow,  thereby  reducing  sheet  erosion,  the 
establishment  of  shoestring  gullies^  and  cutting  alon^  the  sides  and 
bottoms  of  the  larger  gullies;  by  bmding  the  soil  agamst  erosion;  by 
catching  or  straining  out  of  the  water  much  of  the  sediment  being 
carried  oy  rim-off;  and  by  reducing  creep  into  the  gullies  of  the  loose 
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soil  on  steeper  slopes.  (Fig.  22.)  The  replacement  of  species  with 
inferior  root  systems  by  plants  with  more  extensive  fibrous  roots 
helped  further  to  improve  the  absorptive  capacity  of  the  soil  and 
bind  it  against  erosion.  The  establishment  of  plants  in  the  gullies 
aided  further  by  damming  and  clogging  the  gullies,  thus  checking  the 
velocity  of  the  flow  and  reducing  the  carrying  and  abrasive  power  of 
the  water  and  causing  soil  and  debris  to  be  deposited  in  them.  Many 
of  the  smaller  gullies  which  originally  were  steep  sided  are  gradually 
being  filled  in  and  shallowed  out. 

An  example  of  the  effect  of  the  full  development  of  the  vegetation 
on  a  once  badly  denuded  watershed  is  found  in  the  head  of  Manti 


Figure  22.— Sweet  sage  (in  left  center)  becoming  established  on  bare  slopes  on  watershed  A 
(1927).  Creeping  and  washing  of  loose  soil  into  gully  bottoms  is  checked  when  vegetation  be- 
comes established  on  the  slope.  Much  of  the  sediment  removed  from  A  the  last  6-year  period 
originated  on  unvegetated  slopes  such  as  are  shown  here 

Canyon,  approximately  a  mile  south  of  the  experimental  watersheds. 
The  physiographic  conditions  in  Manti  Canyon  are  practically  the 
same  as  in  Ephraim  Canyon  where  the  experimental  watersheds  are 
situated.  Manti  Canyon  was  badly  depleted  and  eroded  for  approxi- 
mately 20  years,  beginning  in  1880.  After  1900,  grazing  was  regu- 
lated and  the  vegetation  began  to  recover.  By  about  1920,  as  a 
result  of  re  vegetation,  all  the  shoestring  gulHes  had  disappeared  and 
practically  all  the  larger  gullies,  many  of  which  has  been  from  3  to  5 
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feet  wide  and  several  feet  deep,  were  clothed  over  with  vegetation 
and  excessive  erosion  had  been  stopped.  (Fig.  23.)  This  process  of 
restoration  of  the  plant  cover  and  checking  of  erosion  is  going  on 
elsewhere  on  adjoining  watersheds  where  grazing  is  being  adequately 
regulated. 

FORAGE  PRODUCTION  INCREASED 

The  additions  and  changes  in  vegetation  on  watershed  A  increased 
the  production  of  forage  on  the  land.  This  betterment  was  the  result 
partly  of  the  increase  in  vegetation  produced  and  partly  of  the 
replacement  of  inferior  species  by  more  valuable  plants.     Many- 


FiGURE  23.— Gully  in  Manti  Canyon^  Utah,  reclaimed  by  vegetation  (1928).  The  man  is  stand- 
ing in  a  plant-covered  gully  which  m  1900  was  3  to  4  feet  deep  and  4  or  f)  feet  wide.  Area  was 
badly  denuded  and  eroded  prior  to  1900.    Grazing  has  since  been  regulated 

flowered  bromegrass  and  violet  wheatgrass,  for  example,  which 
increased  in  quantity,  are  higher  in  palatability  and  produce  a  higher 
yield  than  the  annuals,  such  as  knotweed,  which  decreased  in  quan- 
tity. The  average  acre  on  watershed  A  produced  forage  at  the  rate 
of  0.08  of  a  fully  producing  acre  of  forage  during  the  period  from 
1915  to  1919,  and  at  the  rate  of  0.24  of  a  fully  producing  acre  of  forage 
during  the  period  1924  to  1929,  inclusive.  This  is  an  increase  of 
200  per  cent. 

DISCUSSION  OF  RESULTS 

The  results  of  this  study  throw  some  light  on  the  problems  of  erosion 
control,  flood  control,  effect  of  herbaceous  plant  cover  on  the  water 
discharged  from  a  watershed,  and  the  proper  correlation  of  grazing 
with  the  control  of  run-off  and  erosion — watershed  problems  common 
to  other  similar  areas. 
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EROSION  CONTROL 

The  experiment  has  shown  the  effectiveness,  in  reducing  erosion, 
of  restoring  the  herbaceous  vegetation  on  the  depleted  slopes  of  water- 
sheds. A  40  per  cent  vegetative  cover  as  compared  to  one  of  16  per 
cent  reduced  the  amount  of  erosion  caused  by  each  1,000  cubic  feet  of 
run-off  from  melted  snow  by  approximately  57  i)er  cent  and  the  aver- 
age annual  quantity  of  erosion  froni  summer  rains  by  approximately 
54  per  cent  (as  found  by  the  A/B  ratio).  The  vegetation  on  the  exper- 
imental watershed  had  not  reached  its  maximum  development  in  1929, 
the  last  year  for  which  results  are  reported,  and  even  less  erosion  may 
be  expected  when  the  probable  maximum  of  about  60  per  cent  of  a  com- 
plete cover  is  eventually  attained.^®  The  vegetation  has  reduced 
erosion  indirectly  by  reducing  the  volume  and  velocity  of  the  surface 


Figure  24.— Rills  and  gullies  eroded  on  watershed  by  heavy  storm  of  July  21,  1927,    These  de- 
pressions accelerate  and  increase  run-off  from  summer  rains 

run-off  from  sxmimer  rains  and  directly  by  clogging  gulHes  and  binding 
the  soil  on  the  watersheds.  The  aim,  therefore,  should  be  to  restore 
and  maintain  the  maximum  cover  on  watershed  lands  subject  to  water 
erosion. 

Revegetation  of  the  slopes  of  eroded  watersheds  may  not  fully 
control  every  type  of  water  erosion  on  western  mountain  lands,  but 
it  should  aid  in  practically  all  cases.  Erosion  caused  by  summer 
run-off  on  the  headwaters  of  drainages  where  conditions  are  similar 
to  those  in  central  Utah  begins  on  slopes  in  the  form  of  sheet  erosion. 
Soon  after,  small  shoestring  gullies  are  formed  and  into  these  the 
water  gathers,  concentrates  its  volume,  and  increases  its  velocity. 
(Fig.  24.)  Shoestring  gullies  soon  join  together  farther  down  the 
slope  and  form  still  larger  gullies  and  washes.  (Fig.  25.)  These 
join  with  other  gullies  or  empty  directly  into  the  natural  drainage 
channels.  With  such  concentration  of  water,  whether  from  rains  or 
melted  snow,  cutting  occurs  along  all  these  gullies  to  and  including 

1*  The  probable  maximum  of  60  per  cent  of  a  complete  cover  is  based  upon  the  density  of  the  vegetation  on 
undepleted  land  similar  in  character  to  watershed  A. 
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the  natural  drainage  lines  and  streams  (pi.  2,  A),  and  stream  courses 
are  straightened,  widened,  and  deepened.  ReestabUshment  of 
herbaceous  vegetation  on  the  slopes  of  the  watersheds  and  in  the 
gullies  will  reduce  and  delay  the  accumulation  of  rainfall  run-off  and 
erosion  at  its  source,  and  the  smaller  amount  of  water  discharged 
from  the  slopes  will  result  in  less  erosion  in  the  main  washes  and 
stream  courses.     (PL  2,  B.)     However,  herbaceous  vegetation  does 


Figure  25.— Vegetation  (In  right  foreground)  just  beginning  to  take  hold  in  one  of  the  largw 
gullies  on  watershed  A,  The  smaller  rill  and  shoestring  gullies  contribute  their  flow  to  the 
larger  gullies,  thus  forming  a  rapid  surface^rainage  system 

not  so  affect  melted-snow  run-off.  It  was  founa  in  the  present  study 
that  approximately  95  per  cent  or  more  of  the  annual  surface  run-off 
from  the  headwaters  was  water  from  melted  snow,  that  a  40  per  cent 
cover  largely  of  herbaceous  vegetation  exerted  no  different  influence 
on  such  run-off  than  did  a  16  per  cent  cover,  and  that  although  this 
run-off  caused  little  erosion  near  the  snow  banks  where  it  originated 
it  did  erode  the  banks  of  stream  channels  farther  down  wherever  they 
had  already  been  cut  out.     It  is  obvious  that  where  serious  erosion 
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of  this  nature  is  occurring  from  melted-snow  run-off,  artificial  works, 
such  as  planting  of  adequate  shrubs  and  trees,  the  construction  of 
check  dams,  and  riprapping  are  needed  for  early  results. 

The  extensive  erosion  in  valleys  along  many  streams  supplied  by 
melting  snow,  the  watersheds  of  which  have  been  grazed  by  livestock, 
has  been  attributed  to  the  overgrazing  of  the  watersheds.  (Fig.  26.) 
Floods,  as  the  result  of  depletion  through  overgrazing  of  the  vege- 
tation on  the  catchment  areas,  are  undoubtedly  responsible  for  this 


Figure  26.— Large  wash  in  Gordon  Creek,  Utah  (1927).  Numerous  witnesses  relate  that  this  was 
a  flat  tree  and  grass  covered  valley  with  a  small,  clear,  quiet  stream  30  years  previous  to  time 
photograph  was  taken.  Channel  is  now  30  to  40  feet  deep  and  50  to  100  feet  wide.  Erosion 
probably  started  by  wagon  road  in  valley  and  floods  following  overgrazing  on  the  watershed 

in  a  great  many  instances.  However,  other  causes  which  disturb 
the  vegetation  along  the  stream  courses  in  the  valleys  may  also  result 
in  bad  erosion  in  such  places.  A  road,  trail,  or  other  agency  that 
destroyed  the  soil-binding  effect  of  the  vegetation  in  the  valleys 
would  be  just  as  likely  to  start  erosion  from  melted  snow  if  there  had 
been  no  grazing  on  the  catchment  areas.  It  naturally  follows  that 
in  valley  bottoms  care  should  be  exercised  in  the  location  and  con- 
struction of  roads  and  trails  as  well  as  in  cultivation  so  that^  erosion 
will  not  be  aggravated.  Once  started,  nothing  short  of  expensive  dam 
construction  (fig.  27)  will  check  the  erosion  in  such  valleys  until  they 
eventually  reach  a  new  level  of  stability. 
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FLOOD  CONTROL 


The  results  of  this  investigation  indicate  that  herbaceous  vege- 
tation plays  an  important  part  in  the  control  of  floods  from  sudden 
torrential  rains  on  mountam  lands,  in  part  directly  by  reducing  the 
volume  and  checking  the  velocity  of  run-off  and  in  part  indirectly 
by  reducing  erosion  and  the  formation  of  gullies.  In  fact  the  influence 
of  herbaceous  vegetation  on  run-off  and  erosion  are  inseparable. 
Increased  run-off  increases  erosion,  and  increased  erosion  increases 
run-off  through  the  formation  of  the  gullies.  The  heavier  stands  of 
vegetation  on  a  mountain  slope  reduce  and  delay  surface  run-off  in 


Figure  27.— A  dam  built  in  a  canyon  bottom  to  check  floods  and  erosion.  Reve^etation  of  the 
watershed  alone  may  not  suffice  to  check  erosion  in  such  places  as  shown  here  withm  a  reasonable 
period.  Once  such  erosion  has  started,  dams  or  other  artificial  works  may  be  necessary  to  prevent 
damage  continuing,  since  melting  snow  and  occasional  excessive  rainfall  will  result  in  sufllcient 
high  water  to  continue  cutting  in  the  major  stream  courses 

various  ways,  causing  more  of  the  water  to  be  absorbed  by  the  soil 
and  that  which  runs  off  to  be  discharged  fairly  regularly  over  a  con- 
siderable period.  In  the  presence  of  a  thin  stand  or  no  vegetation  at 
all,  not  only  is  the  direct  mfluence  of  the  vegetation  lessened  or  lost 
but  the  system  of  gullies  which  is  soon  formed,  if  not  already  present, 
further  hastens  run-off.  The  gullies  quicklv  gather  and  discharge 
the  water  from  a  hillside,  causing  it  to  reach  the  main  stream  in  a 
much  larger  head.  When  the  relief  is  such  that  the  slopes  more 
remote  from  the  main  stream  channel  are  steeper  than  the  nearer 
slopes,  the  gullies  may  cause  the  run-off  from  the  steeper  slopes  to 
reach  the  main  stream  concurrently  with  the  run-off  from  the  nearer 
slopes  of  lower  gradient,  thus  further  increasing  the  size  of  the  head 
or  rushing  flood  wall.  It  is  this  rushing  flood  wall  that  does  most  of 
the  damage  in  summer  torrents  in  western  mountainous  country 
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(12).     The  intact  herbaceous  plant  cover  materially  reduces  the  size 
of  this  head. 

The  maximum  cover  of  herbaceous  vegetation  on  mountain  areas 
subject  to  torrential  summer  rainfall  may  not  suffice  to  prevent  all 
floods,  but  the  results  of  this  experiment  show  that  the  heavier  is 
such  vegetation  the  less  will  be  the  surface  run-off;  that  it  will  serve 
to  reduce  materially '  the  rapid  run-off  that  would  otherwise  result; 
and  that  it  will  prevent  completely  many  of  the  smaller  floods. 
Improving  the  stand  of  the  herbaceous  vegetation  on  watersheds, 
therefore,  should  be  an  important  consideration  in  flood  control 
on  mountain  lands  wherever  conditions  are  favorable  for  the  growth 
of  such  vegetation. 

INFLUENCE  OF  HERBACEOUS  VEGETATION  ON  THE  WATER  SUPPLY 

The  maintenance  of  conditions  that  will  insure  the  maximum  dis- 
charge of  water  from  the  watersheds  is  of  great  importance  where 
all  of  the  stream  flow,  including  both  the  underground  supply  and 
all  of  the  surface  run-off  that  can  be  made  available,  is  needed  for 
irrigation  and  other  purposes.  At  the  same  time,  maximum  dis- 
charge should  not  be  obtained  at  a  sacrifice  that  will  offset  the  ad- 
vantage gained  from  the  increased  stream  flow. 

The  results  of  this  study  show  that  because  of  an  increase,  chiefly 
in  herbaceous  plants,  from  16  to  40  per  cent  of  a  complete  cover  of 
vegetation,  the  surface  run-off  from  summer  rains  on  a  small  ex- 
perimental watershed  at  the  source  of  the  stream  was  reduced  by 
approximately  64  per  cent  (A/B  ratio).  However,  the  average  annual 
surface  run-off  from  summer  rainstorms,  when  there  was  a  16  per  cent 
density  of  vegetation,  was  only  4.6  per  cent  of  the  total  average  run-off 
annually  from  the  last  of  April  to  the  early  part  of  October,  the  re- 
mainder coming  from  melted  snow.  After  the  vegetation  improved 
to  a  40  per  cent  cover,  summer  rains  produced  only  l.e3  per  cent  of 
the  average  surface  run-oft'  for  this  spring  and  summer  run-off  sea- 
son, and  the  increase  in  the  density  of  vegetation  caused  no  re- 
duction in  the  quantity  of  run-off  from  melted  snow.  Consequently 
the  net  reduction  in  such  average  annual  surface  run-off  was  only 
3.3  per  cent.  This  was  chiefly  summer  flood  waters  which  usually 
came  without  notice  and  in  such  a  rush  that  where  storage  reser- 
voirs are  not  available  they  are  difficult  to  control  and  have  little 
value.  Since  the  summer  rainfall  run-off  causes  most  of  the  erosion 
and  destructive  floods,  the  value  of  the  water,  if  all  of  it  could  be 
used  to  advantage  for  irrigation,  is  ofl'set  many  times  by  the  erosion, 
reservoir  silting,  and  flood  damage  done.  It  is  evident,  therefore, 
that  in  so  far  as  surface  run-off  is  concerned,  there  is  no  unjustifi- 
able loss  in  water  supply  in  maintaining  a  40  per  cent  plant  cover. 

The  influence  on  the  underground  flow  is  not  so  fully  apparant 
from  the  study  as  the  influence  on  surface  run-off.  However,  cer- 
tain relationships  are  indicated.  One  of  these  is  the  use  of  moisture 
by  vegetation.  Experiments  conducted  near  the  site  of  the  present 
study  and  with  native  soils  showed  that  many-flowered  brome- 
grass  required  17.76  cubic  feet  of  water  on  uneroded  soil  and  21.42 
feet  on  eroded,  depleted  soil,  or  an  average  of  19.59  cubic  feet,  to 
produce  a  pound  of  air-dry  matter  (17),    A  plot  of  vegetation  con- 
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sisting  chiefly  of  many-flowered  bromegrass,  259  square  feet  in 
area,  having  an  average  density  of  vegetation  of  45  per  cent,  and 
located  about  2  miles  from  watershed  A  under  approximately  equal 
rainfall  conditions,  yielded  an  average  of  8.726  pounds  of  dry  matter 
annually  from  1924  to  1929.  Calculating  from  this  basis,  a  plant 
cover  occupying  40  per  cent  of  the  surface  of  the  ground  would 
utilize  2.82  inches.  The  lighter  cover  would  appear  to  leave  4.22 
inches  of  precipitation  available  for  some  other  disposal.  Other 
facts  indicate  that  very  little,  if  any,  of  this  moisture  not  utilized 
by  the  lighter  cover  would  ever  reach  the  ground-water  supply. 

Herbaceous  plants  do  not  begin  growth  in  the  spring  until  after 
the  snow  has  melted.  The  vegetation  makes  slow  progress  the  first 
few  days  until  the  soil,  which  is  scarcely  above  freezing  temperature 


Figure  28. 


A  mountain  slope  in  1910  that  was  badly  eroded  following  denudation  by  heavy 
overgrazing 


at  the  time  the  snow  goes  off,  has  warmed  up  several  degrees.  Hence 
the  plants  do  not  utilize  moisture  in  the  soil  to  any  appreciable 
extent  for  upward  of  a  week  after  the  snow  has  melted.  During 
this  time  the  water  from  melted  snow  in  excess  of  the  water-hold- 
ing capacity  of  the  soil  is  seeping  out  of  reach  of  the  plants.  Con- 
sequently the  vegetation  has  the  opportunity  only  to  draw  upon 
the  water  left  in  the  soil  from  melting  snow  and  the  moisture  which 
falls  after  growth  begins.  If  the  soil  retained  moisture  to  its  full 
capacity  at  all  times,  the  summer  precipitation  and  the  melted  snow 
subsequently  absorbed  would  pass  directly  on  to  the  underground 
run-off.  Under  such  conditions  the  4.22  inches  of  water  not  re- 
quired by  the  light  stand  as  compared  to  the  denser  stand  of  vege- 
tation would  reach  the  underground  water  supply.  However,  both 
of  these  supplies  are  drawn  upon  by  evaporation  and  by  the  grow- 
ing vegetation  that  is  present. 

The  heavier  the  stand  of  vegetation  the  less  the  loss  by  evapora- 
tion from  the  ground,  on  account  of  the  greater  shading  of  the  ground 
(1).  The  vegetation  also  reduces  the  movement  of  the  air  near  the 
ground.  Vegetation,  therefore,  causes  only  that  loss  of  moisture 
represented  by  the  excess  of  water  used  by  the  plant  over  what  would 
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be  evaporated  if  no  vegetation  were  present,  except  that  through 
the  addition  of  humus  the  vegetation  indirectly  increases  the  water- 
holding  capacity  of  the  soil  and  thereby  slightly  reduces  the  amount 
of  water  that  would  percolate  through  and  join  the  underground 
flow.  Evaporation  from  bare  soil  to  the  air  during  the  summer  months 
is  fairly  hi^h  and  alone  would  be  sufficient  to  dry  the  soil  to  a  rather 
low  point  if  the  ground  were  bare.  All  things  considered,  the  40 
per  cent  cover  of  herbaceous  vegetation  on  the  experimental  water- 
sheds does  not  decrease  underground  run-off  materially  as  com- 
pared to  a  16  per  cent  cover. 
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Figure  29.— The  same  mountain  slope  shown  in  Figure  28  in  1923.  After  15  years  of  regulated 
grazing  the  native  vegetation  has  increased  very  materially  and  the  gullies  are  beginning 
to  disappear.  Improvement  has  been  a  slow  process  because  of  the, serious  depletion  of  the 
soil  in  1910. 

METHODS  OF  RESTORING  HERBACEOUS  VEGETATION  ON  WATERSHEDS 

There  are  two  principal  methods  for  the  establishment  of  her- 
baceous vegetation  on  watersheds  where  the  plant  cover  has  been 
partially  or  wholly  destroyed  by  various  causes.  These  are  natural 
revegetation  of  native  species  and  artificial  reseeding.  Natural  re- 
vegetation  is  the  most  promising  method  for  mountain  watersheds 
as  a  whole,  where  sufficient  native  vegetation  is  left  to  furnish  a 
source  of  seed.  Native  plants  are  well  adapted  to  local  growing 
conditions  and  can  be  expected  to  give  the  best  results  under  the 
more  adverse  conditions.  Allowing  native  plants  to  mature  and  dis- 
seminate their  seed,  or  revegetate  by  other  methods,^^  is  the  prime 
requisite  in  natural  revegetation  of  the  range  or  othei  lands.  Even 
though  a  range  is  badly  depleted,  improvement  may  be  expected 
wherever  sufficient  plants  are  available  to  produce  a  seed  supply, 
provided  grazing  or  other  agencies  do  not  interefere  with  seed  pro- 
duction or  other  means  of  revegetation.     (Figs.  28  and  29.) 

>«  Many  plants  spread  by  means  of  rootstocks,  stolons,  runners,  or  other  vegetative  means  and  are  not 
dependent  upon  seed  for  revegetation. 
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On  western  mountain  lands  the  establishment  of  vegetation  by 
the  introduction  of  seed  is  generally  restricted  to  areas  where  grow- 
ing conditions  are  above  the  average.  Many-flowered  bromegrass 
was  found  well  adapted  to  seeding  and  to  checking  erosion  on  water- 
shed A  and  elsewhere  on  the  Wasatch  Plateau.  Other  promising 
species  for  that  locaUty  are  meadow  barley  {Horde.um  nosodum)^ 
common  or  field  bromegrass  (Bromus  inermis),  and  violet  wheat- 
grass.  Planting  and  terracing  to  check  erosion  on  mountain  water- 
sheds is  effective  but  not  economical  except  where  there  are  special 
values  to  protect  (16).  Planting  of  wild  currant,  elder,  aspen  (Popu- 
lus  tremuloides  aurea),  and  willow  (Salix  sp.)  did  not  prove  effective 
on  high  mountain  lands  in  Utah.  The  species  and  methods  to  use 
in  artificial  reseeding  to  check  erosion  have  been  summarized  by 
Porsling  and  Dayton.^^ 

THE  CORRELATTION  OF  GRAZING  WITH  THE  CONTROL  OF  RUN-OFF  AND  EROSION 

Because  of  the  evil  consequences  of  overgrazing,  the  grazing  of 
livestock  on  watershed  lands  should  be  so  managed  as  not  to  inter- 
fere with  the  function  of  the  herbaceous  cover  in  controlling  surface 
run-off  and  erosion.  The  improvement  of  the  vegetation  from  a 
16  per  cent  cover  to  a  40  per  cent  cover  on  watershed  A  was  ob- 
tained under  complete  exclusion  of  livestock.  Although  not  im- 
proving in  density,  there  was  an  inci  ease  of  the  more  valuable  water- 
shed plants  when  the  watershed  was  moderately  grazed  by  sheep  in 
the  fall  during  the  last  six  years  of  the  experiment.  Studies  and  de- 
tailed observations  of  adjacent  watershed  areas  in  vaiious  stages  of 
plant  depletion  and  erosion  have  shown  that  under  the  conditions 
of  soil,  relief,  and  climate  affecting  the  present  experimental  areas 
measures  that  will  restore  and  maintain  the  maximum  plant  cover 
for  grazing  purposes  will  also  insure  adequate  watershed  protection, 
except  in  some  of  the  more  extreme  cases.  Acts  which  reduce  or 
destroy  the  cover  on  watersheds  also  i  educe  or  destroy  the  pro- 
ductive capacity  of  the  range  itself.  The  moie  important  particu- 
lars of  improved  range  management,  as  worked  out  by  various  in- 
vestigators, are  as'  follows:  The  application  of  deferred  and  rotation 
grazing,  or  other  methods  which  will  promote  the  reproductive 
functions  of  the  vegetation;  regulation  of  the  season  of  grazing  so 
as  to  prevent  injury  from  too  early  grazing  in  the  spring  and  to 
avoid  too  close  utilization  in  the  fall;  stocking  the  range  within  the 
limits  of  the  carrying  capacity;  handling  of  livestock  on  the  lange 
to  obtain  even  distribution  over  the  range  and  to  prevent  over- 
grazing of  local  areas,  trailing,  or  excessive  trampling ;  and  the  con- 
trol of  range-destroying  rodents. 

Badly  depleted  watersheds  and  other  special  conditions  will  re- 
quire extra  measures  to  provide  the  maxmuim  possible  seed  crop 
each  year  and  the  leaving  of  sufficient  vegetation  to  insure  rapid 
building  up  of  the  soil.  It  may  be  necessary  to  defer  grazing  until 
all  the  plants  have  scattered  their  seed  each  year  and  then  to  graze 
only  ligntly  for  a  sufficient  number  of  years  to  restore  an  adequate 
plant  cover  and  to  increase  the  obstruction  to  surface  run-off.  Light 
grazing  late  in  the  season  ordinarily  is  more  desirable  than  no  graz- 
mg  at  all,  since  the  trampling  by  livestock  at  that  time  of  the  year 

',    w  The  report  on  tliis  projoct  is  in  i)r(H"e8s  of  propHnitiou. 
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will  aid  in  planting  the  seed  which  has  been  scattered  on  the  ground. 
Or,  grazing  may  have  to  be  greatly  restricted  or  excluded  entirely 
to  safeguard  watershed  values.  Very  steep  slopes,  easily  erodible 
soil,  or  areas  where  livestock  are  likely  to  make  trails  which  will 
result  in  erosion  channels  require  special  attention. 

SUMMARY 

This  bulletin  presents  the  results  of  15  years'  measurements  of 
precipitation,  surface  run-off,  and  erosion  from  summer  rains  and 
7  years'  measurements  of  melted-snow  run-off  and  erosion  on  two 
experimental  watersheds,  one  11.244  acres  and  the  other  8.972 
acres  in  extent  on  the  Wasatch  Plateau  in  central  Utah.  Summer 
run-off  and  erosion  during  six  years  on  one  of  the  watersheds  when 
16  per  cent  of  the  surface  was  occupied  by  vegetation  are  compared 
with  run-off  and  erosion  on  the  same  area  during  a  later  6-year 
period  when  the  vegetation  occupied  40  per  cent  of  the  surface  and 
with  conditions  on  the  second  area  where  there  was  a  stable  40  per 
cent  cover. 

The  average  annual  precipitation  on  the  areas  studied  was  29.51 
inches.  There  occurred  two  distinct  periods  of  surface  rim-off  each 
year — one  from  approximately  the  first  of  May  to  the  last  of  June, 
the  period  of  melting  of  the  snow  that  had  accumulated  during  the 
winter  months,  and  the  other  from  July  1  to  September  30  when 
there  was  run-off  from  rains.  The  average  water  content  of  the 
snow  that  accumulated  during  the  winter  and  was  available  during 
the  melting  period  was  15.  04  inches  or  51  per  cent  of  the  average 
annual  precipitation.  The  mean  average  seasonal  precipitation 
during  the  July-September  period  was  4.99  inches  or  16.9  per  cent 
of  the  average  annual  precipitation. 

Soil-moisture  studies  show  that  on  the  experimental  areas  there 
w^as  no  contribution  to  the  underground  water  supply  from  summer 
rains  and  that  this  supply  is  fed  by  the  melting  of  the  snow  in  the 
spring. 

Only  4.6  per  cent  of  the  average  annual  surface  run-off  was  caused 
by  summer  rainstorms  when  there  was  a  16  per  cent  cover  of  vege- 
tation, but  this  run-off  caused  84.5  per  cent  of  the  erosion.  The 
remainder  of  the  run-off,  which  was  from  melted  snow,  caused  far 
less  erosion.  After  the  vegetation  had  increased  to  40  per  cent  of 
a  complete  cover  only  1.3  per  cent  of  the  annual  run-off  was  from 
summer  rains. 

Degree  of  slope,  character  of  drainage  system,  and  chemical  and 
physical  properties  of  the  soil  are  the  more  or  less  permanent  fac- 
tors, other  than  vegetation,  which  influence  run-off  and  erosion. 
The  degree  of  temperature,  duration  and  distribution  of  cold  and 
warm  periods,  and  the  distribution  of  snow  on  the  watersheds  were 
the  chief  additional  factors  influencing  the  percentage  of  surface 
run-off  from  melted  snow  in  the  spring.  Quantity  and  intensity  of 
rainfall  in  a  storm  and  the  moisture  content  of  the  soil  were  the 
chief  additional  factors,  other  than  plant  cover,  that  influenced 
summer  rainfall   run-off. 

The  quantity  of  sediment  eroded  by  summer  rainfaU  run-off 
varied  more  or  less  directly  with  the  quantity  of  run-off,  although 
it  was  influenced  to  some  extent  by  the  size  of  run-off,  the  trampling 
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of  livestock,  and  the  dryness  of  the  soil  when  a  rim-ofF  storm  oc- 
curred. Certain  of  the  soils  were  granular  or  fragment al  and  easily 
eroded  when  dry.  On  wetting,  the  granules  and  fragments  melted 
and  coalesced  and  became  stiff  and  sticky  and  not  so  easily  erodible. 

The  increase  in  the  density  of  the  vegetation  from  16  to  40  per  cent 
of  a  complete  cover  and  the  replacement  of  certain  plants  by  others 
with  more  extensive  and  more  fibrous  root  systems  reduced  the  rain- 
fall surface  run-off  64  per  cent  and  rainfall  erosion  54  per  cent.  It 
reduced  melted-snow  erosion  57  per  cent  but  did  not  influence  melted- 
snow  run-off. 

The  results  show  the  importance  of  herbaceous  vegetation  in  re- 
ducing rainfall  run-off  and  floods  and  in  controlling  erosion.  They 
also  show  the  need  for  regulating  grazing  to  prevent  depletion  of 
the  herbaceous  cover  on  sloping  lands  subject  to  torrential  rainfall. 
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INTRODUCTION 

North  Dakota  has  long  been  known  as  a  favorite  resort  for  wild 
ducks.  The  State  contains  a  maze  of  lakes,  sloughs,  and  ponds,  well 
stocked  with  duck  foods  and  with  plenty  of  cover  for  breeding  wild 
fowl.  Hunters  from  the  East  and  West  visit  these  hunting  grounds 
every  year. 

To  gather  detailed  information  on  the  food  plants  of  migratory 
waterfowl  in  the  State,  and  to  determine  the  value  and  possibilities 
of  the  improvement  of  the  marsh  and  aquatic  areas  as  feeding  grounds 
for  the  birds,  a  survey  was  conducted  during  the  summer  of  1917  by 
Douglas  C.  Mabbott  ^  and  the  writer.  Work  was  begun  on  July  22 
at  Hankinson,  where  eight  days  were  spent,  and  then  Mabbott  worked 
north  and  northeast  while  the  writer  surveyed  the  northwestern  part 
of  the  State.  About  500  lakes  were  surveyed.  The  itineraries  of  the 
two  investigators  are  given  in  Table  1 . 


Table  1. — Itineraries  of  investigators,  1917 

F.  P.  Metcalf 

D.  C.  Mabbott 

Headquarters 

Counties  sur- 
veyed 

Dates 

Headquarters 

Counties  sur- 
veyed 

Dates 

Elsie  Lake 

Napoleon    

Dawson 

Do 

Richland 

Logan 

July  21-29. 
Aug.  1-6. 
Aug.  6-21. 

Do. 

Do. 
Aug.  22-27. 

Do. 

Do. 
Aug.  28. 
Sept.  1-8. 

Do. 

Do. 
Sept.  8. 
Sept.  9-12. 
Sept.  19. 

Oct.  1-11. 
Do. 
Do. 

Oct.  12. 
Oct.  13. 
Oct.  14. 
Oct.  15. 

Oct.  16. 

Oct.  17-19. 
Oct.  20. 
Oct.  21. 

Oct.  23. 

Oct.  24. 

Elsie  Lake 

Moon  Lake 

Eckelson  Lake. 
Spirltwood 

Lake. 
Jim  Lake 

Richland 

July  21-29. 
Aug.  2-7. 
Aug.  7-10. 
Aug.  11-12. 

Burleigh  (north- 
east). 
Kidder.. 

do 

Stutsman  (east). 

do 

Do.. 

Stutsman  (west) 

Emmons 

Morton 

Burleigh  (west) 
Dunn 

Aug.  13-16. 
Aug.  17-19. 
Aug.  19-21. 

Aug.  21-23. 
Aug.  24-Sept.3 
Do. 

Bismarck 

AddieLake... 
Red     Willow 

Lake. 
Wanitah  Lake. 
Drake 

Griggs 

Do 

Do 

Taylor 

-  ...do... 

Foster 

Underwood 

McLean 

Burleigh  (north) 

Sheridan 

McLean 

Ward 

Sheridan  (north) 
Pierce 

Do 

Do 

Do 

Velva.. 

St.  John 

Do 

Do 

Grand  Forks.. 

Grafton 

Cando 

Do 

Max 

McHenry  (west) 

do-. 

Rolette  (Turtle 

Mountains). 
Towner  (north). 

Cavalier 

Grand  Forks 

Walsh           

Do. 
Sept.  4-5. 
Sept.  6-14. 

Do. 
Do 

Ryder 

Bottineau 

Kenmare 

Bottineau  (Tur- 
tle Mountains) 
Burke 

Do 

Ward 

Sept.  15-21. 
Sept.  21-22. 
Sept.  24-27. 

Do 

Mountrail 

(north). 
Burke 

Towner  (south). 
Ramsey  (north). 
Rolette  (south)  . 
Pierce  (north)... 
McHenry 
(north). 

Columbus 

Do 

Rolette 

Do 

Do 

Tolna. 

Devils  Lake- - 
Do 

Do. 

Fortuna 

Divide 

Sept.  28-Oct. 
Do. 
Do. 

Oct.  5-8. 

Grenora 

Powers  Lake.- 

Stanley 

Williams 

Mountrail 
(west). 

Mountrail 
(south). 

Benson  (west) . . 

Benson  (north)  . 

Benson  (south- 
east). 

Benson  (south- 
west). 

Benson  (north)  . 

Ramsey 

Oct  9-16. 

Pleasant  Lake- 
Leeds 

Benson  (north- 
west). 

Do. 

Devils  Lake. - 
Minnewaukan 
Leeds 

A  list  of  the  plants  mentioned  in  this  bulletin  is  presented  on 
page  65,  arranged  alphabetically  in  the  order  of  common  names. 
These  are  for  the  most  part  as  given  in  Standardized  Plant  Names 
{1).^  Since  scientific  names  of  these  are  given  in  the  list,  they  are 
omitted  throughout  the  text,  except  in  tables,  other  lists,  or  where 
omission  would  cause  difficulty  of  identification.  They  have  been  care- 
fully revised  by  S.  F.  Blake,  botanist  of  the  Bureau  of  Plant  Industry. 

«  Killed  in  action,  Battle  of  St.  Mihiel,  Sept.  15,  1918. 

» Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  71. 
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IMPORTANT  DUCK-FOOD  PLANTS  OF  THE  STATE 

The  most  abundant  plant  in  North  Dakota  that  is  an  important 
wild-duck  food  is  sago  pondweed.  This  plant  is  found  both  in  the 
fresh-water  and  alkaline-saline  lakes,  being  capable  of  adapting  itself 
to  unfavorable  conditions.  The  abundance  of  its  seeds  and  under- 
ground tubers  makes  this  plant  an  excellent  all-round  duck  food. 
Widgeon  grass  and  bayonet  grass  are  next  in  importance,  both  being 
good  duck  foods  and  rather  abundant  throughout  the  State.  In 
Table  2  are  presented  the  most  important  duck-food  plants  found 
in  North  Dakota.'* 

Table  2. — The  most  important  duck-food  plants  in  North  Dakota 


Common  name 

Scientific  name 

Occurrence 

Stonewort--  -.  .  . 

Chara  sp 

Common  on  floor  of  lakes. 
Abundant 

Sago  pondweed 

Potamogeton  pectinatus 

Leafy  pondweed 

Potamogeton  f oliosus , 

Frequent  in  shallow  fresh  water. 
Abundant 

Widgeon  grass 

Ruppia  maritima 

Western  wapato 

Frequent  in  shallow  margins. 
Abundant  on  sandy  beaches. 

Abiindftnt 

Three-square. 

Bulrush  . . 

Scirpus  occidentalis 

Soft  bulrush. 

Frequent. 

Common  in  sandy  meadows. 

Abundant  in  alkali  sloughs. 

Fairly  common. 

Frequent  in  fresh  water. 

Fairly  common  in  fresh  water. 

Nevada  bulrush. 

Scirpus  nevadensis 

Bayonet  grass.. 

Duckweeds 

Lemna  minor  and  L.  trisulca 

Polygonum  amphibium 

Water  smartweed 

Coontail 

Ceratophyllum  demersum 

Whitetop  seems  almost  to  deserve  a  place  in  the  foregoing  list  of 
important  duck  foods.  This  plant  is  exceedingly  abundant  in  almost 
all  the  sloughs  in  northern  North  Dakota.  It  fruits  early;  in  fact,  the 
seeds  have  usually  all  fallen  into  the  water  by  the  end  of  June. 
Observations  indicate  that  the  ducks  feed  extensively  on  these  seeds, 
for  ducks  were  numerous  wherever  this  plant  was  abundant.  Definite 
proof  of  their  actions,  however,  can  be  had  only  from  analyses  of 
stomach  contents,  which  unfortunately  could  not  be  obtained. 

Besides  the  plants  mentioned  the  supplementary  list  in  Table  3 
includes  plants  that  are  considered  fairly  good  as  duck  foods. 

Table  3. — Supplementary  list  of  plants  of  North  Dakota  fairly  good  as  duck  foods 


Common  name 

Scientific  name 

Occurrence 

Clasping-leaf  pondweed 

Potamogeton  perfoliatus 

Abundant    in    slightly    alkaline 

lakes. 
Fairly  common. 
Do 

Bur-reed 

Sedges 

Carex  (many  species) 

Switch  grass 

Panicum  virgatum 

Frequent  in  meadows. 
Frequent  in  sandy  meadows. 

Barnyard  grass 

Cord  grass 

Bushy  knotgrass    

Polygonum  ramosissimum 

Fairly  common. 

Pale  smartweed... 

Water  milfoil 

( 

*  The  identifications  of  the  plants  collected  in  North  Dakota  were  made  by  the  writer  with  assistance 
in  difficult  groups  as  follows:  Gramineae,  A.  S.  Hitchcock  and  Mrs.  Agnes  Chase;  Salix,  C.  R.  Ball;  Junca- 
ceae,  F.  V.  Coville,  all  of  the  Bureau  of  Plant  Industry;  and  Crataegus  and  Amelanchier  by  K.  M.  Wiegand, 
of  Cornell  University.  The  algae  were  identified  by  J.  R.  Schramm,  of  the  National  Research  Council; 
and  one  species  of  moss  by  Mary  F.  Miller. 
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Interesting  features  of  the  aquatic  flora  of  North  Dakota  are  the 
absence  of  wildcelery  and  northern  wildrice,  both  of  which  are 
excellent  duck  foods  and  abundant  in  adjoining  Minnesota.  Northern 
wildrice  has  been  reported  only  from  the  James  and  Red  Rivers  along 
the  extreme  eastern  boundary  of  the  State.  The  inabiUty  of  this 
plant  to  withstand  alkali  undoubtedly  explains  its  rarity  in  North 
Dakota,  since  practically  all  the  lakes  contain  at  least  a  small  quantity 
of  alkali.  Wildcelery,  on  the  other  hand,  is  reported  as  capable  of 
withstanding  a  low  proportion  of  salt,  growing  with  sago  pondweed  in 
shghtly  bracldsh  waters,  so  it  is  possible  that  this  plant  could  be 
introduced  throughout  the  State  in  mildly  alkaUne  waters,  thereby 
increasing  the  quantity  of  food  available  for  wild  ducks.  Informa- 
tion in  regard  to  the  propagation  of  these  plants  is  given  in  two  pubUca- 
tions  of  the  United  States  Department  of  Agriculture  (5,  6). 

TOLERANCE  OF  AQUATIC  PLANTS  TO  CONCENTRATIONS  OF  SALTS 

Samples  of  water  were  collected  from  75  of  the  lakes  surveyed, 
und  these  were  analyzed  in  the  water  laboratory  of  the  Bureau  of 
Chemistry  of  the  United  States  Department  of  Agriculture.  Table  4 
gives  these  analyses  arranged  to  show  the  relative  tolerance  of  various 
aquatic  plants  to  the  total  concentrations  of  salts. 
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Louise  Lake,»  Stutsman  County -.. — 

Rice  Lake,»  McLean  County - 

South  Napoleon  Lake^Logan  County - - 

Isabel  Lake,  Dawson ,*[idder  County - 

Bunkhonse  Slough,  HSnkinson,  Richland  County - 

Free  Peoples  Lake,'  Benson  County - 

Long  Lake,  Burleigh  County - 

Round  Lake,*  McHenry  County — - - 

Lake  near  Riga,  McHenry  County 

Stack  Slough,  Hankinson.  Richland  County - 

Swan  Lake,  Hankinson,  Richland  County 

Nelson  Lake,  McLean  County — - 

Salt  Lake,  South,  Kidder  County — 

Girard  Lake,  Pierce  County .— 

Moran  Lake,  Hankinson,  Richland  County 

Alkali  Lake,  Napoleon,  Logan  County.. 

Moon  Lake.  Vallev  Citv.  Barnes  Countv 

Turtle  Lake,  McLean  County 

Sections  26-27,  Merkel,  Kidder  County 

Kelly  Slough,  Grand  Forks  County 

Smoky  Lake,  McHenry  County 

Sibley  Lake,  Dawson,  Kidder  County.... 

Keyes  Lake,  Sanborn,  Barnes  County 

Bird  Lake,  Kidder  County 

Salt  Lake,  Walsh  County 

Devils  Lake,  Ramsey  County 

Lake  Mercer  No.  1,  McLean  County 

Sections  17-20,  Anna,  Ryder,  Ward  County 

Stump  Lake,  Nelson  County 

Minto  L^e,  Walsh  County 

Salt  Lake,  Kidder  County 

Hobart  Lake,  Valley  City,  Barnes  County 

Eckelson  Lake  (north  of  railroad),  Barnes  County^ 
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This  concentration  is  used  since  it  is  almost  impossible  to  draw  any 
conclusions  with  regard  to  the  effect  of  the  various  hypothetical 
chemical  compounds  in  these  lakes.  Kearney  (4)  adopts  about  the 
same  view  as  a  result  of  his  studies  of  plant  life  on  saline  soils,  namely, 
that  ''it  is  usually  not  so  much  the  chemical  composition  of  the  soil 
solution  as  its  concentration  and  the  resulting  osmotic  pressure  which 
affects  vegetation."  He  further  states,  however,  that  sodium  carbon- 
ate, or  "black  alkali,"  is  an  exception,  since  this  salt  is  "much  more 
toxic  than  the  other  sodium  salts." 

Table  4  may  be  considered  as  a  contribution  to  knowledge  of  the 
total  concentration  of  salts  that  aquatic  plants  are  able  to  withstand. 

From  the  information  at  hand,  however,  it  is  evident  that  a  total 
concentration  of  salts  of  approximately  1,500  parts  per  million  (0.0015 
per  cent),  seems  to  be  the  upper  limit  for  a  definite  group  of  fresh- 
water plants,  namely:  Clasping-leaf  pondweed,  water  milfoil,  horned 
pondweed,  Geyer's  waterplantain,  common  white  water  buttercup, 
and  coontail. 

Again,  the  first  three  plants  in  Table  4,  namely,  waterweed,  eel- 
grass  pondweed,  and  variable  pondweed,  seem  unable  to  withstand 
any  such  concentrations,  although  these  occurred  only  in  one  or  at 
most  two  lakes  from  which  water  samples  were  available.  There 
were  a  few  other  lakes  in  North  Dakota  where  these  plants  were  seen 
that  were  decidedly  of  the  same  type,  and  if  examined,  would  undoubt- 
edly be  found  to  contain  about  the  same  proportion  of  salts ;  that  is, 
500  to  800  parts  per  million  (0.0005  to  0.0008  per  cent). 

Leafy  pondweed  and  common  bladderwort  both  can  withstand  a 
higher  total  concentration  of  salts;  this  is  especially  noticeable  for 
the  latter,  the  maximum  being  3,012  parts  per  rnillion  (0.003  per  cent). 
The  abundance  of  bladderwort  in  waters  toward  the  uppermost 
part  of  the  scale  (Table  4)  shows  that  this  plant  can  withstand  even  a 
higher  concentration  of  salts. 

Such  is  undoubtedly  the  case  with  stonewort,  which  was  found  in 
water  with  a  maximum  concentration  of  5,779  parts  per  million 
(0.005(7  per  cent).  Lakes  apparently  with  a  higher  concentration  of 
salts  in  which  this  plant  was  growing  were  seen,  but  water  samples 
were  not  obtained.  The  different  unidentified  species  of  stonew^orts 
probably  are  not  uniform  in  resistance  to  salts. 

So  far  as  resistance  to  alkalies  is  concerned,  by  far  the  most  interesting 
plants  are  sago  pondweed  and  widgeon  grass.  The  latter  can  with- 
stand the  higher  total  concentration  of  salts,  namely,  77,386  parts  per 
million  (0.077  per  cent).  The  maximum  that  was  recorded  for  sago 
pondweed,  on  the  other  hand,  was  35,873  part's  per  million  (0.035  per 
cent).'^  Neither  of  these  figures,  however,  can  possibly  represent  the 
upper  limit  of  endurance  of  the  plants,  as  the  lakes  in  which  they  were 
found  later  during  the  same  year,  and  especially  in  dry  years,  increase 
greatly  in  concentration.  The  plants  must,  therefore,  be  able  to 
adapt  themselves  to  this  increase  in  concentration  or  else  they  would 

» The  presence  of  these  plants  in  water  having  such  high  concentrations  of  salts  shows  that  the  total  of 
dissolved  salts  is  not  an  entirely  trustworthy  index  to  tolerance  of  the  plants.  Thus,  neither  widgeon  grass 
nor  sago  pondweed  will  live  in  sea  water  with  a  total  concentration  of  31,613  parts  per  million  (24, r>89 sodium 
chloride),  while  the  latter  grows  in  Swamp  Lake  with  a  salt  content  of  3.'),873  (4.r)8.')  sodium  chloride,  16,lfi8 
sodium  sulphate,  11,9.').')  magnesium  sulphate,  and  3,10.')  calcium  sulphate),  and  the  former  in  Live  Lake 
with  a  concentration  of  77,38(5  (2,034  sodium  chloride,  f).'>,79«  sodium  sulphate,  6,936  magnesium  sulphate, 
1,259  magnesium  bicarbonate,  and  1,313  magnesium  carbonate).  Evidently  sodium  chloride  has  a  more 
definitely  inhibiting  elTect  upon  aquatic  plants  than  the  other  salts  occurring  in  quantity  In  these  waters. — 
W.  L.  McAtbk. 
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have  been  killed  out  long  ago.  Drought  in  extreme  cases  would 
possibly  increase  the  total  concentration  20  to  25  per  cent,  if  not  more. 
A  few  water  samples  taken  by  the  North  Dakota  biological  station  (7) 
in  1911-12  in  the  Turtle  Mountains  also  add  interesting  data  to  this 
discussion  of  the  relationship  between  alkalinity  and  limitations  of 
various  aquatic  plants.  The  plants,  however,  were  collected  or 
observed  in  the  summer  of  1917,  six  years  later,  so  no  definite  conclu- 
sions can  be  drawn.  The  Turtle  Mountain  lakes,  however,  ordinarily 
remain  approximately  the  same  and  at  most  would  not  change  during 
the  seasons  so  markedly  as  the  alkaline-saline  lakes.  Floating  pond- 
weed  was  observed  in  the  following  four  lakes  from  which  available 
water  analyses  show  the  indicated  total  concentration  of  salts : 

Parts  per  million 

Metegoshe  Lake 432.7 

Fish  Lake  (Upsilon) 452.0 

Carpenter  Lake 613.  6 

Jarves  Lake 519.  0 

Fries's  pondweed  was  observed  in  two  lakes  from  which  available 
water  analyses  show  the  total  concentration  of  salts  as  follows : 

Parts  per  million 

Upsilon 452 

Jarves  Lake 519 

These  analyses  show  that  these  two  plants  can  well  be  placed  with 
the  group  (waterweed,  eelgrass  pondweed,  and  variable  pondweed), 
which  probably  has  as  the  upper  limit  a  total  concentration  of  salts  of 
approximately  800  parts  per  million  (0.0008  per  cent). 

CLASSES  OF  LAKES  SURVEYED 

To  harmonize  so  far  as  possible  the  results  of  field  observation, 
laboratory  analysis  of  water  samples,  and  study  of  the  plant  speci- 
mens collected,  the  following  classification  of  North  Dakota  lakes  is 
adopted  for  the  purposes  of  this  bulletin : 

Group  1.  Saline  lakes. 

Group  2.  Alkaline-saline  lakes. 

Type  A.  Characterized  primarily  by  milky  water. 

Type  B.  Characterized  by  an  abundance  of  bayonet  grass  throughout. 

Type  C.  Characterized  by  clear  water,  with  sandy  bottoms  and  shores. 
Group  3.  Fresh-water  lakes. 

Type  A.  Prairie  lakes. 

Type  B.  River  lakes  (Des  Lacs,  Missouri,  and  James  Rivers). 
Group  4.  Sloughs. 

Type  A.  Cattail  sloughs. 

Type  B.  Whitetop,  or  mallard,  sloughs. 

Type  C.   Stagnant  sloughs. 
Group  5.  Lakes  of  the  Turtle  Mountains. 
Group  6.  Unclassified  lakes. 

The  lakes  where  only  sago  pondweed  and  widgeon  grass  were  capa- 
ble of  growing,  namely,  lakes  with  a  total  concentration  of  approxi- 
mately 10,000  parts  per  million  (0.01  per  cent),  belong,  with  few 
exceptions,  to  the  group  of  saline  lakes  (1)  that  could  be  so  distin- 
guished in  the  field.  The  decidedly  salty  taste  of  the  water  and  the 
occurrence  of  the  two  saline  plant  indicators,  Nevada  bulrush  and  in- 
land cord  grass,  were  the  criteria  adopted  in  the  field. 

The  lakes  below  the  concentration  of  the  saline  lakes,  those  with 
10,000  parts  of  salts  per  million  (0.01  per  cent),  and  above  that  of 
the  Hmit  for  the  so-called  fresh-water  lakes,  namely,  1,500  parts  per 
19864—31 2 
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million  (0.0015  per  cent),  seemed  to  be  a  fairly  uniform  group.  In 
them,  besides  widgeon  grass  and  sago  pond  weed,  only  stonewort, 
common  bladderwort,  leafy  pond  weed,  and  algae  are  found.  This 
group  is  readily  recognized  in  the  field  as  the  alkaline-saline  lakes, 
and  is  divided  into  three  natural  subgroups,  characterized  as  follows: 

(A)  By  milky  water;  (B)  by  an  abundance  of  bayonet  grass  through- 
out; and  (C)  by  clear  water,  with  sandy  bottoms  and  shores. 

Lakes  with  a  total  concentration  of  salts  less  than  1,500  parts  to 
the  million  (0.0015  per  cent)  are  called  fresh-water  lakes  and  are  not 
altogether  uniform;  one  type  locally  abundant  in  Burke  County  and 
frequent  elsewhere  includes  hundreds  of  small  lakes  with  water 
milfoil,  sago  pondweed,  and  clasping-leaf  pondweed  abundant;  these 
on  the  whole  are  sloughlike.  The  lakes  along  the  rivers  are  classed 
in  a  separate  subgroup  (3,  B);  insufficient  water  samples  are  on  hand 
to  determine  whether  all  these  have  a  lower  concentration  of  salts 
than  the  prairie  lakes  (3,  A). 

True  sloughs  have  been  isolated  in  a  group  (4)  by  themselves;  and 
there  are  three  characteristic  and  easily  distinguishable  subdivisions, 
of  which  the  second  is  by  far  the  most  abundant:  (A)  Cattail  sloughs, 

(B)  whitetop,  or  mallard,  sloughs,  and  (C)  stagnant  sloughs. 
Analyses  of  the  few  water  samples  taken  show  that  sloughs  are  mostly 
of  the  fresh-water  type,  the  stagnant  sloughs,  however,  having  a 
higher  concentration  .than  the  other  two  groups  and  often  approaching 
the  alkaline-saline  lakes  (2). 

The  Turtle  Mountain  lakes  (5)  have  been  treated  separately. 
They  contain  a  more  northern  type  of  vegetation,  have  wooded 
borders,  and  are  distinctly  fresh-water  lakes;  in  fact,  the  few  analyses 
obtainable  show  that  they  have  on  the  average  a  smaller  total  concen- 
tration of  salts  than  the  prairie  lakes  (3,  A). 

Any  classification  has  some  obvious  faults,  and  in  the  case  of  these 
lakes  difficulty  will  always  be  found  in  distinguishing  in  the  field  the 
milky-water  lakes  of  Group  1,  with  a  high  total  concentration  of 
salts  (0.01  to  0.09  per  cent),  from  lakes  of  similar  appearance  in 
Group  2,  with  a  lower  total  concentration  of  salts  (0.0015  to  0.01 
per  cent),  the  milky  color  being  due  to  turbidity.  Again,  a  clear- 
water  lake  with  scanty  vegetation  may  belong  in  Group  2,  C,  with  a 
relatively  high  total  concentration  of  salts,  or  Group  3,  A,  with  a 
low  total  concentration  of  salts.  In  some  cases  lakes  of  this  sort 
could  only  be  correctly  classified  by  a  chemical  analysis  of  the 
water.  A  few  lakes  of  doubtful  classification  are  placed  separately 
in  Group  4. 

GROUP  1,  SALINE  LAKES 

The  group  of  saline  lakes  is  more  easily  defined  than  those  of  the 
alkaline  or  fresh-water  types.  The  characteristic  that  indicates 
certainly  lakes  of  this  group  is  the  decided  salty  taste  of  the  water. 
The  alkaline  lakes  lack  sodium  chloride  in  sufficient  quantity  to  be 
detected  by  the  taste,  although  chemical  analysis  reveals  that  a 
large  number  have  some -sodium  chloride. 

The  group  of  saline  lakes,  while  fairly  uniform,  has  two  general 
types  that  can  be  readily  distinguished.  The  first  and  most  common 
is  characterized  by  deep,  clear-as-crystal  water;  the  second  is  some- 
what shallower  with  murky  or  milky  water.  This  turbidity  is  due 
mainly  to  the  washing  up  and  suspension  of  material  from  the  soft 
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clay  bottoms  of  these  shallow  lakes,  a  phenomenon  that  does  not 
occur  in  the  deeper  lakes  with  gravel  or  sandy  bottoms. 

The  vegetation  growing  in  these  lakes  is  restricted  to  widgeon 
grass,  which  is  usually  very  abundant;  algae,  almost  always  present; 
and  rarely  sago  pondweed.  The  widgeon  grass  usually  is  limited  to  a 
dense,  luxuriant  growth  forming  a  band  20  to  150  feet  wide  in  water 
averaging  from  3  to  7  feet  deep.  Where  the  center  of  the  lake,  how- 
ever, is  shallow  or  has  shallow  spots,  widgeon  grass  is  also  found  in 
abundance.  Even  from  the  tops  of  the  surrounding  hills  this  charac- 
teristic dark  band  of  vegetation  can  easily  be  seen  paralleling  the 
shoreline.  In  the  case  of  Minto  and  Salt  Lakes,  Walsh  County,  and 
a  few  other  lakes,  stunted  specimens  of  widgeon  grass  were  found 
growing  in  water  only  a  few  inches  deep. 

In  a  few  lakes  the  total,  concentration  of  salts  is  apparently  too 
great  to  allow  even  the  growth  of  widgeon  grass.  Good  examples  of 
this  type  are  Miller  Lake,  Divide  County,  and  Palermo  Lake,  Mount- 
rail County,  section  4,  township  157-89 — section  33,  township  158-89. 
In  the  former  the  floor  of  the  lake  is  loosely  covered  to  a  depth  of 
2  to  10  inches  with  white  salts,  mostly  sodium  sulphate,  with  some 
magnesium  sulphate  and  sodium  chloride. 

The  algae  growing  in  the  saline  lakes  are  of  a  characteristic  bright 
green  and  are  usually  species  of  Enteromorpha.  In  a  few  lakes  the 
water  itself  is  a  deep  olive  green,  due  in  some  cases  to  the  abundance 
of  a  small  filamentous  alga.  Vanville  Lake,  section  16,  Vanville 
Township,  Burke  County,  is  a  good  example  of  this.  In  other  cases 
this  color  is  caused  by  the  abundance  of  a  unicellular  alga,  Synecho- 
coccus,  as  is  found  in  Mercer  Lake  No.  1.  In  still  another  case, 
Salt  Lake,  near  Tappen,  Kidder  County,  the  alga  Clathrocystis  is 
pink. 

Sago  pondweed  is  found  in  only  a  few  of  the  salty  lakes.  In  the 
exceptional  cases  in  which  the  plant  is  abundant  the  lakes  have  clay 
bottoms.  For  example,  in  Salt  Lake  (south),  Kidder  County,  where 
sago  pondweed  is  abundant,  the  bottom  is  clay  and  the  water  milky. 
This  lake  is  separated  from  Salt  Lake  (north),  a  typical  alkaline- 
saline  lake,  by  only  a  low  strip  of  sand  about  200  yards  wide.  If  the 
water  level  should  be  raised  2%  feet,  these  two  lakes  would  be  merged 
into  one.  The  difference  in  vegetation  seems  to  be  due  to  the  character 
of  the  bottoms.  Sago  pondweed  can  grow  in  sandy  soil  but  clay  is 
more  favorable. 

The  only  decidedly  characteristic  shore  or  marsh  plants  of  the 
saline  lakes  are  Nevada  bulrush  and  inland  cord  grass;  other  plants, 
which  will  be  taken  up  later,  are  very  abundant,  but  they  can  be 
found  also  near  alkaline  lakes.  The  two  species  just  mentioned, 
however,  appeared  to  be  extremely  good  plant  indicators  of  a  saline 
soil.  They  are  always  found  in  sandy  areas  along  the  shore,  the  bul- 
rush being  the  more  abundant. 

The  Nevada  bulrush  has  the  appearance  of  a  stunted  three-square 
with  thicker  spikes  but  can  be  readily  distinguished  from  that  plant 
by  its  round  stem.  This  species  always  occurs  in  large  patches. 
The  other  salt  indicator,  inland  cord  grass,  is  never  very  abundant, 
occurring  only  as  scattered  solitary  plants  and  with  rootstocks  not 
spreading  far,  as  they  do  in  the  remarkably  stoloniferous  Nevada 
bulrush.  The  inland  cord  grass  (Spariina  gracilis)  must  not,  how- 
ever, be  confused  with  cord  grass   {S.  michauxiana) ,  the  common 
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species  found  throughout  North  Dakota  near  fresh-water  or  alkaUne 
lakes.  This  latter  grows  in  clumps  to  a  height  of  3)^  to  7  feet,  while 
the  salt-loving  species,  inland  cord  grass,  is  solitary,  never  more  than 
2K  feet  high,  and  has  2  to  4  (rarely  5)  spikes,  while  cord  grass  has 
normally  anywhere  from  7  to  40  spikes.  The  parts  of  the  flowering 
heads,  or  spikes,  of  both  these  species  are  compactly  arranged,  some- 
what Uke  the  segments  of  a  feather,  an  appearance  that  distinguishes 
them  from  all  other  marsh  grasses  of  the  region. 

In  some  of  the  dried-out  lakes  of  this  group  (Stink  and  Round  Lakes 
in  Barnes  County,  and  others)  bayonet  grass  was  very  abundant,  so 
that  they  resembled  in  many  ways  Group  2,  B;  however,  the  larger 
lakes  in  the  same  vicinity  of  approximately  the  same  type  had  a  very 
high  total  concentration  of  salts,  as  shown  by  chemical  analysis  of 
samples  taken. 

In  the  saline  sandy  meadows  the  following  plants,  besides  the  two 
just  described,  are  abundant:  Baltic  rush,  rough-leaf  dropseed,  and 
seaside  arrowgrass.  On  the  barren  flats,  samphire  is  fairly  common, 
as  well  as  a  low,  depauperate  form  of  sea  bUte  {Dondia  depressa). 
When  the  sandy  association  just  described  is  absent,  a  clearly  de- 
fined line  exists  between  the  samphire  flats  and  the  next  association 
of  plants.  This  possibly  can  be  better  understood  by  referring  to 
Figure  1.  Along  this  line  and  extending  back  from  the  lake,  the 
following  species  are  common:  Slender  meadow  grass,  orach,  red 
goosefoot,  sea  blite  {D.  depressa),  squirreltail  grass,  and  reed  canary 
grass.  In  some  cases  a  border  of  slender  meadow  grass  comes  first; 
in  other  cases  squirreltail  grass,  and  rarely  reed  canary  grass.  Back 
of  this  line  all  are  more  or  less  abundant,  especially  the  last  two.  Salt 
grass,  not  previously  mentioned,  is  the  most  abundant  of  all  the  salt- 
loving  plants  and  grows  more  or  less  abundantly  in  all  the  foregoing 
situations  (Table  4);  in  fact,  it  seems  capable  of  growing  where  other 
plants  can  not,  evidently  being  able  to  endure  a  high  degree  of 
salinity  or  alkalinity.  Another  salt-loving  plant,  sea  milkwort,  is 
found  along  the  border  of  two  or  three  lakes  only  and  in  very  small 
quantities. 

Back  of  the  sandy  shores  or  meadows  of  the  saline  lakes  the  vegeta- 
tion is  very  different;  first  there  is  a  region  of  flat  or  gently  sloping 
land  where  only  Canada  goldenrod,  gum  plant,  and  rarely  prairie 
thistle  and  Woods's  rose  are  found.  Beyond,  on  the  sloping  or  steep 
hillsides,  the  following  shrubby  plants  are  most  abundant:  Silverberry, 
western  snowberry,  and  Woods's  rose;  besides  these,  little  bluestem 
grass  and  quack  grass  are  present,  as  well  as  two  species  of  worm- 
wood, or  sage  (Artemisia  frigida  and  A.  ludoviciana) . 

The  plants  already  discussed  are  by  no  means  all  that  are  found  in 
the  vicinity  of  the  saUne  lakes;  only  those  of  importance  have  been 
taken  up  in  detail.  On  pages  47  to  64  will  be  found  a  complete  list  of  all 
plants  seen  in  North  Dakota  during  the  summer  of  1917  for  this  group 
and  for  other  groups,  listed  under  the  families  in  systematic  order. 

In  order  that  the  information  relating  to  the  saline  lakes  rnay  be 
more  advantageously  used,  a  complete  list  of  all  the  lakes  in  this 
group  is  added,  showing  name,  exact  location,  area  (if  more  than  1 
square  mile),  date  visited,  and  abundance  of  the  aquatic  and  marsh 
plants  and  any  other  plants  important  as  duck  food.     (Table  5.) 
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Figure  1.— Plant  associations  found  in  the  vicinity  of  a  typical  saline  lake  of  North  Dakota 
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GROUP  2,  ALKAUNE-SAUNE  LAKES 

Under  Group  2  are  three  types  of  lakes.  In  the  majority  of  cases 
the  type  to  which  a  certain  lake  belongs  is  clear,  but  there  are  occa- 
sional intermediates.  Type  A  is  characterized  by  milky  water,  type  B 
by  bayonet  grass  growing  throughout,  and  type  C  by  clear  water, 
sandy  bottoms,  and  sandy  shores,  with  widgeon  grass  and  sago  pond- 
weed  dominant.  Type  B  occasionally  has  milky  water,  but  the  great 
abundance  of  bayonet  grass  still  serves  to  distinguish  it  from  type  A. 
Under  unfavorable  conditions  the  lakes  characterized  by  bayonet  grass 
become  similar  to  those  of  type  A.  Bayonet  grass  requires  a  reason- 
able quantity  of  water  during  the  first  part  of  the  growing  season, 
but  drought  during  the  middle  of  the  season  does  not  affect  its  ability 
to  reproduce  itself.  On  the  other  hand,  if  for  a  few  years  sufficient 
water  is  not  present  during  the  spring,  bayonet  grass  is  undoubtedly 
killed  out.     Evidence  of  this  was  seen  in  many  cases. 

Type  A,  Characterized  Primarily  by  Milky  Water 

Throughout  North  Dakota,  the  type  A  lake  is  the  most  abundant 
of  all;  and  the  number  of  lakes  it  is  possible  to  list  in  this  group  gives 
no  idea  as  to  their  actual  number.  On  all  trips  throughout  the  State 
hundreds  were  constantly  seen,  only  the  largest  and  most  important 
of  which  were  listed  or  described.  If  all  such  lakes  were  taken  into 
consideration,  probably  90  per  cent  of  them  would  be  found  dry  during 
the  late  summer  months  of  August  and  September.  Lakes  of  this 
type  are  always  shallow,  and  water,  when  present,  is  always  milky. 
When  dry  they  can  be  distinguished  readily  by  a  glaring,  snow-white 
bottom  exceedingly  dazzling  in  bright  sunlight.  Occasionally  saline 
lakes  have  this  appearance  but  are  readily  distinguished  by  the  two 
saline  indicators,  Nevada  bulrush  and  inland  cord  grass.  The  sur- 
face of  these  dried-out  lakes  is  a  mass  of  dry  alkali  dust  2  or  3  inches 
deep.  On  windy  days  this  dust  is  continually  being  blown  about, 
making  great  clouds  of  smokelike  dust  very  irritating  to  the  mouth 
and  eyes,  and  far  from  beneficial  to  neighboring  cultivated  lands. 
Below  this  dry,  alkali  dust  there  is  usually  a  mass  of  sticky  blue  or 
greenish  clay. 

When  water  is  present  the  aquatic  vegetation  consists  of  sago  pond- 
weed  and  algae  only.  Sago  pondweed  is  more  abundant,  occurring 
in  65  per  cent  of  the  lakes,  whereas  algae  are  present  in  54  per  cent. 

The  marsh  vegetation  is  very  restricted.  Three-square  is  most 
abundant,  especially  in  sandy  areas;  the  only  other  plants  at  all 
common  are  bayonet  grass  and  bulrush  (Scirpus  occidentalis).  The 
former,  although  found  in  almost  all  the  lakes  of  this  type,  is  rarely 
abundant  or  even  common,  usually  being  confined  to  small  patches. 
Bulrush  has  in  general  the  same  distribution  as  bayonet  grass. 

The  shore  vegetation  of  the  alkaline-saline  lakes  is  characteristic; 
the  two  most  abundant  species  are  salt  grass  and  sea  blite  (Dondia 
depressa).  Sea  blite  has  two  forms:  One  is  a  low-spreading,  depau- 
perate form  occurring  on  the  dried-out  flats  and  extending  beyond 
the  widely  spreading  salt  grass  where  nothing  else  will  grow.  The 
other  form  is  high,  erect,  with  elongate  inflorescence,  and  is  restricted 
to  a  narrow  fringe  back  of  the  area  in  which  salt  grass  grows.  On  the 
outer  edge  of  this  dry  flat,  samphire,  which  is  limited  to  large  patches 
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forming  a  broken  band  around  the  lake,  is  also  found.  As  the  season 
progresses  this  fleshy  plant  turns  bright  red  and  is  a  distinguishing 
feature  of  the  alkali  flats  late  in  summer.  Not  only  can  these  three 
plants  apparently  withstand  more  alkali  than  any  of  the  others,  but 
they  also  require  less  moisture  for  their  growth.  This  is  especially 
noticeable  on  lake  bottoms  that  are  completely  dry.  Samphire  is 
usually  found  in  the  soils  that  contain  a  large  percentage  of  sodium. 

Back  of  this  dry  flat  association  from  a  clearly  marked  line  extend- 
ing shoreward  the  following  plants  are  abundant:  Squirrel  tail  grass, 
slender  meadow  grass,  reed  canary  grass,  and  orach  {Atriplex  paiula 
var.  hastata).  Besides  these  the  following  are  somewhat  common:  Red 
goosefoot,  oak-leaf  goosefoot,  and  cord  grass.  The  distribution  of 
these  plants  is  very  similar  to  that  on  the  flats  bordering  the  saline 
lakes,  as  illustrated  in  Figure  1;  the  sandy  areas,  however,  are  ex- 
tremely limited  and  when  present  are  characterized  by  three-square 
and  rough-leaf  dropseed. 

Since  the  alkaline-saUne  group  of  lakes  is  for  the  most  part  located 
in  shallow  depressions,  hillside  vegetation  is  usually  lacking.  In  the 
few  cases  where  present  the  following  plants  are  the  most  charac- 
teristic: Woods's  rose,  western  snowberry,  and  silverberry. 

For  detailed  information  in  regard  to  individual  lakes  see  Table  6; 
for  distribution  of  other  plants  see  annotated  list  beginning  on  page  47. 
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Type  B,  Characterized  by  an  Abundance  of  Bayonet  Grass  Throughout 

Lakes  of  type  B  are  somewhat  similar  to  those  of  type  A.  In  most 
cases  the  whole  lake  is  covered  with  a  luxuriant  growth  of  bayonet 
grass.  The  depth  of  water  averages  2  to  2^  feet,  a  condition  appar- 
ently most  favorable  to  the  growth  of  this  sedge.  Later  in  summer  a 
large  number  of  these  lakes  become  dry,  but  the  percentage  is  far  less 
than  of  type  A.  Of  the  lakes  surveyed,  about  10  per  cent  were  dry 
during  August  or  September;  however,  if  all  the  lakes  that  were  seen 
were  considered,  the  dry  lakes  would  be  less  than  30  per  cent  of  the 
total,  as  compared  with  90  per  cent  or  more  of  type  A. 

Bulrush  is  found  in  approximately  half  of  the  lakes,  but  in  almost 
all  cases  is  represented  by  only  a  few  small  patches.  Three-square, 
however,  is  rather  common  on  the  sandy  beaches.  Bog  rush  is  fre- 
quent.   Giant  reed  grass  in  small  quantities  is  also  found  occasionally. 

The  aquatic  vegetation  is  restricted  to  three  species.  One  of  these, 
common  bladderwort,  was  found  only  four  times,  which  might  be 
considered  accidental  or  at  least  not  necessarily  typical  of  this  group 
of  lakes.  The  other  two  species  are  sago  pondweed  and  algae.  Not 
considering  the  dry  lakes,  49  per  cent  contain  algae  and  65  per  cent 
sago  pondweed. 

The  shore  vegetation,  as  would  be  expected,  does  not  differ  greatly 
from  that  of  type  A.  Squirreltail  grass,  orach,  and  the  high  form  of 
sea  blite  {Dondia  depressa)  are  the  most  abundant.  These  are  located 
usually  back  from  the  denuded,  dried-out  flats.  Salt  grass  was  found 
growing  in  all  situations,  while  red  goosefoot,  oak-leaf  goosefoot,  reed 
canary  grass,  and  slender  meadow  grass  are  common  and  associated 
with  squirreltail  grass.  Seaside  buttercup,  Baltic  rush,  and  seaside 
heliotrope  are  frequent,  and  the  following  are  rare:  Arrowgrass,  gum 
plant,  rough-leaf  dropseed,  and  samphire. 

The  hillside  vegetation  when  present  was  found  identical  with  that 
of  type  A. 

For  detailed  information  in  regard  to  individual  lakes  see  Table  7. 
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Type  C,  Characterized  by  Clear  Water  with 'Sandy  Bottoms  and  Shores 

Lakes  of  type  C  are  very  uniform,  distinct,  and  characterized  by 
deep,  clear  water  and  sandy  bottoms  and  shores.  The  majority  of  these 
lakes  are  well  known  throughout  the  State,  since  they  are  extensively 
used  by  near-by  towns  for  swimming  pools  and  summer  resorts. 

The  aquatic  vegetation  is  limited  to  the  following  species :  Widgeon 
grass,  sago  pondweed,  stonewort,  and  algae.  Of  these,  widgeon  grass 
and  sago  pondweed  are  the  most  abundant.  Widgeon  grass  was 
found  in  27  of  the  46  lakes  and  sago  pondweed  in  33.  Widgeon  grass 
as  a  rule  is  the  more  abundant  of  the  two  and  generally  grows  lux- 
uriantly, being  found,  as  in  the  saline  lakes,  in  a  band  near  shore  in 
water  varying  from  3  to  8  feet  deep.  The  habitat  of  sago  pondweed  is 
possibly  more  inclusive.  Algae  were  seen  in  15  of  46  lakes,  and  stone- 
wort  was  found  in  6.  There  is  no  doubt  that  the  latter  plant  is  more 
abundant  than  this  number  would  indicate,  since  it  occurs  very  often 
only  in  scattered  patches,  making  its  detection  exceedingly  difficult. 
In  one  case,  Moran  Lake,  it  is  very  abundant,  occupying  the  center 
of  the  lake  and  covering  in  all  from  50  to  60  acres  to  a  depth  of  6  or 
7  feet.  In  this  case  the  stoneworts  are  very  large,  exceedingly  coarse 
and  stiff,  and  reach  a  height  of  7  or  8  feet.  This  is  a  very  unusual 
form,  as  all  the  other  stoneworts  seen  in  North  Dakota  are  of  two 
distinct  types :  A  small,  yellow-green,  tufted  form,  3  to  5  inches  high, 
rather  common  on  the  sandy  bottoms  of  lakes  of  Group  4  (p.  35);  and 
a  larger,  brownish  form,  1  to  1  )^  feet  high  ®  occurring  in  dense  masses 
that  cover  the  entire  floor  of  some  fresh-water  lakes. 

Marsh  vegetation  about  type  C  lakes  in  most  cases  is  very  scanty. 
Bulrush,  for  example,  although  found  in  60  per  cent  of  the  lakes, 
usually  occurred  in  infrequent  small  patches.  Giant  reed  grass, 
common  cattail,  and  cord  grass  were  found  in  20  to  30  per  cent  of 
the  lakes,  but  less  abundantly  than  the  bulrush.  Bog  rush  and  bay- 
onet grass  are  rare.  On  the  other  hand,  three-square  is  fairly 
abundant  but  usually  confined  to  the  sandy  shores,  rarely  extending 
into  the  lakes. 

The  shore  and  hillside  flora  is  very  diverse — more  so  than  for  any 
other  group  of  lakes,  with  the  possible  exception  of  Groups  3  and  5 
(p.  28  and  p.  41,  respectively).  More  than  150  species  of  shore  plants 
were  listed  from  this  group  of  lakes  alone.  A  large  number  of  these  are 
abundant;  it  will  therefore  be  possible  to  take  up  here  only  the  most 
important,  others  being  listed  at  the  end  of  this  bulletin.  The  reason 
for  this  large  number  is  that  there  is  present  a  combination  of  two 
or  three  distinct  plant  associations;  those  of  the  slightly  alkaline 
flats,  meadows,  and  sandv  shores;  dry  and  barren  hillsides;  and  another 
association  not  previously  discussed  in  this  bulletin,  namely,  wooded 
slopes.  Although  the  diversity  of  the  vegetation  of  the  wooded  areas 
is  not  very  pronounced,  yet  when  combined  with  the  others,  the  num- 
ber of  species  is  noticeably  increased. 

The  following,  given  in  their  order  of  importance,  are  the  most 
abundant  shore  plants:  Squirreltail  grass,  western  snowberry,  Woods's 
rose,  reed  canary  grass,  silverweed,  silverberry,  southern  cottonwood, 
fringed  wormwood,  and  bugleweed  {Lycopus  lucidus  var.  americanus). 
The  first  is  a  plant  of  the  flats  and  meadows;  the  next  two  are  charac- 

•  Many  attempts  were  made  to  find  some  one  capable  of  identifying  the  specimeas  of  Characeae  collected 
but  without  success. 
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teristic  of  dry  hillsides;  reed  canary  grass  prefers  sandy  meadows; 
silverweed  is  restricted  to  sandy  shores,  silverberry  to  dry  hillsides, 
southern  cottonwood  to  wooded  slopes,  fringed  wormwood  to  dry  bar- 
ren hillsides;  and  bugleweed  is  a  plant  found  along  the  border  of  the 
meadow  vegetation. 

As  there  are  so  many  other  plants  that  are  exceedingly  abundant, 
they  will  merely  be  listed  here  in  the  order  of  their  abundance  accord- 
ing to  the  association  in  which  they  are  found : 


SLIGHTLY    ALKALINE    FLATS  ^ 


Squirreltail  grass  (Hordeum  juhatum). 
Red  goosefoot  (Chenopodium  ruhrum). 
Pale    smartweed    (Polygonum    lapathi- 

folium) . 
Golden  dock  (Rumex  persicarioides) . 


Bugleweed  {Lycopus  lucidus  var.  ameri- 

canus) . 
Rayless  aster  {Aster  brachyadis) . 
Panicled  aster  {Aster  paniculatus) . 


MEADOWS  AND  SANDY  SHORES  ^ 


Silverweed  {Potentilla  anserina) . 

Bluegrass  {Poa  triflora). 

Rough-leaf  dropseed  {Sporobolus  asperi- 

folius) . 
Seaside    buttercup    {Ranunculus    cym- 

halaria) . 
Baltic   rush  {J uncus    balticus   var.    lit- 

toralis) . 


Reed   canary   grass    {Phalaris   arundi- 

nacea) . 
Cord  grass  {Spartina  michauxiana) . 
Prairie  thistle  {Cirsium  undulatum). 
Torrey's  rush  {Juncus  torreyi) . 
Licorice  {Glycyrrhiza  lepidota). 


DRY    AND    BARREN    HILLSIDES  ^ 


Western  snowberry  {Symphoricarpos 
occidentalis) . 

Silverberry  {Elaeagnus  commutata). 

Canada  goldenrod  {Solidago  canaden- 
sis) . 


Woods's  rose  {Rosa  woodsii). 

Fringed  wormwood  {Artemisia  frigida). 

White  sage  {Artemisia  ludoviciana) . 


WOODED    SLOPES  ^ 


Southern   cottonwood    {Populus   delto- 


Shadblow  (Amelanchier  florida). 
Sand-bar  willow  ^  {Salix  interior) . 
Chokecherry  {Prunus  virginiana) . 
Hawthorn  {Crataegus  chrysocarpa) . 
Boxelder  {Acer  negundo). 


Green  ash  {Fraxinus  lanceolata). 
Smooth  gooseberry   {Ribes  oxyacaniho- 

ides) . 
Mossycup  oak  {Quercus  macrocarpa) . 
American  elm  {Ulmus  americana). 
Quaking  aspen  {Populus  tremuloides) . 
Nannyberry  {Viburnum  lentago) . 


For  detailed  information  in  regard  to  individual  lakes  see  Table  8. 


'  All  plants  mentioned  occurred  in  approximately  20  to  25  per  cent  of  the  lakes. 

8  The  first  4  mentioned  occurred  in  approximately  20  per  cent  of  the  lakes,  the  remaining  8  in  10  to  20  per 
cent. 
«  Six  other  species  of  willow  were  found,  most  of  which  were  only  frequent  or  rare;  see  list  at  end  of  bulletin. 
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GROUP  3,  FRESH-WATER  LAKES 

The  fresh-water  lakes  will  be  discussed  under  two  divisions,  namely, 
type  A,  prairie  lakes;  and  type  B,  river  lakes.  Lakes  of  type  A  are  as 
nearly  fresh  as  any  group  of  lakes  in  the  State  and  if  slightly  alkaUne, 
not  enough  so  to  hamper  seriously  the  growth  of  any  fresh-water 
vegetation.  A  few  of  the  river  lakes  of  type  B  appear  slightly  alkaline. 
Other  distinguishing  characters  of  these  fresh-water  lakes  will  be  dis- 
cussed separately  by  type. 

Type  A,  Prairie  Lakes 

Botanically,  the  prairie  lakes  are  the  most  interesting  of  all  lakes 
in  North  Dakota.  In  general,  they  have  as  fresh  water  as  can  be 
found  in  the  State;  in  fact,  the  majority  of  them  are  far  less  alkaline 
than  the  group  of  river  lakes  (type  B),  with  the  possible  exception  of 
the  lakes  along  the  James  River.  Throughout  the  western  part  of 
the  State  the  majority  of  the  lakes  of  this  type  are  small  and  slough- 
like; in  the  eastern  part,  however,  they  are  large,  having  wooded 
slopes  and  a  diversified  aquatic  vegetation. 

Of  the  various  fresh-water  indicators,  water  milfoil  is  the  most 
abundant,  occurring  in  66  per  cent  of  the  lakes;  next  in  abundance 
is  clasping-leaf  pondweed,  occurring  in  40  per  cent  of  the  lakes. 
These  two  and  the  familiar  sago  pondweed  form  a  trio  very  character- 
istic of  the  lakes  of  Burke  and  adjoining  counties  in  the  northwestern 
part  of  the  State.  The  protected,  shallow  bays  are  the  favorite 
habitats  of  water  milfoil,  the  plant  thriving  best  in  water  1  to  3  feet 
deep.  In  such  places  the  water  milfoil  is  capable  of  driving  out  every- 
thing else.  Where  the  water  is  deeper,  sago  pondweed  is  more  often 
found.  Of  the  clasping-leaf  pondweed  there  are  two  forms,  a  large- 
leaved  form  confined  to  the  same  general  region  as  sago  pondweed, 
and  a  small-leaved  variety  usually  associated  with  water  milfoil  or 
rarely  found  growing  alone  in  sandy  areas  under  shallow  water.  In 
general,  however,  these  three  species  prefer  muddy  or  mucky  bottoms. 

Next  in  importance  among  the  fresh-water  indicators  is  coontail, 
occurring  in  27  per  cent  of  the  lakes,  and  especially  abundant  in  a 
large  number  of  the  shallow,  fresh-water  sloughs,  where  in  many 
cases  it  completely  chokes  up  the  whole  slough.  Besides  this,  there 
are  waterweed  and  variable  pondweed,  the  former  being  abundant 
in  six  shallow,  sloughlike  lakes,  especially  Bismarck  and  Max,  and 
apparently  rare  in  the  deeper  lakes  (Ward  and  Mercer  No.  6). 
Variable  pondweed  is  found  in  four  shallow  lakes  and  sloughs  and  in 
one  deep  lake.  Fries's  pondweed  and  eelgrass  pondweed  were  each 
found  in  one  lake.  The  names  and  locations  of  the  lakes  in  which 
these  plants  and  other  aquatics  were  found  are  given  in  Table  9. 
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Among  the  aquatic  vegetation  there  are  in  addition  a  large  number 
of  species  not  considered  fresh-water  indicators,  of  which  the  most 
abundant  are  sago  pondweed  and  algae;  the  former  was  found  in  77 
per  cent  of  the  lakes  and  the  latter  in  50  per  cent.  Horned  pondweed 
and  stonewort  were  found  in  10  to  12  per  cent  of  the  lakes;  the  former 
grows  in  2  to  3  inches  of  water  on  sandy  bottoms  along  the  borders 
of  the  lakes;  the  latter  is  of  two  types,  one  growing  in  deep  water  and 
completely  covering  the  floor  of  the  lake,  the  other  growing  as  small, 
scattered,  bushy  plants  apparently  limited  to  sandy  bottoms.  In 
some  of  the  shallower  parts  of  the  lakes  and  sloughs  leafy  pondweed 
is  found  and  is  exceptionally  abundant  in  King  Slough  near  Bismarck. 
Widgeon  grass  was  found  in  a  few  of  the  deeper  lakes,  being  notice- 
ably abundant  in  St.  Mary,  Sweetwater,  and  Spiritwood  Lakes.  In 
some  of  the  shallow,  quiet  bays  a  few  plants  of  common  bladderwort 
were  seen  but  more  abundantly  in  Dawson  and  Pummels  Sloughs. 
The  common  white  water  buttercup  also  is  found  in  a  few  of  the  small 
sloughs  and  in  Long  and  Red  Willow  Lakes.  The  distribution  of 
this  plant  is  variable;  it  seems  to  prefer  shallow,  fresh  water  and 
yet  often,  as  the  lakes  or  sloughs  dry  up,  is  capable  of  healthy  growth 
on  a  partly  dried-out  mud  flat.  The  two  duckweeds  {Lemna  trisulca 
and  L.  minor)  are  occasionally  present,  the  former  being  by  far  the 
more  common  and  in  fact  rather  abundant  in  Pummels  and  King 
Sloughs. 

Most  interesting  is  the  distribution  of  Geyer's  waterplantain,  which 
belongs  to  the  same  genus  as  the  common  waterplantain  but  is  capable 
of  growing  entirely  under  water;  a  number  of  times  it  was  found  in 
water  2  or  3  feet  deep.  The  leaves  are  of  two  kinds,  long  and  slender 
ones  with  parallel  margins,  and  short  elliptical  ones.  The  former  type 
often  grows  to  a  length  of  8  to  24  inches  and  resembles  eelgrass  in 
general  features.  When  under  water  the  elliptical  leaves  are  uncom- 
mon or  entirely  absent,  but  when  the  water  level  has  fallen  consider- 
ably and  left  these  plants  on  a  mud  fiat  they  lose  the  long  delicate 
leaves  and  develop  short,  stiff,  elliptical  ones.  The  two  forms  are 
quite  dissimilar  in  appearance. 

Moss  was  found  in  four  lakes  and  water  smartweed  once. 

Among  the  marsh  plants,  bulrush  is  the  most  abundant,  being  found 
in  63  per  cent  of  the  lakes.  Next  in  importance  are  three-square, 
the  two  species  of  spike-rush — bog  rush  and  needle  rush — and  the 
western  wapato.  The  latter  is  usually  found  in  shallow  water  around 
the  edges  of  the  lake.  Next  in  abundance  are  cord  grass  and  reed 
canary  grass.  Besides  these,  giant  reed  grass,  whitetop,  common 
cattail,  water  smartweed,  and  river  bulrush  are  fairly  common.  Soft 
bulrush,  bur-reed  {Sparganium  eurycarpum),  and  waterplantain  are 
rare.  These  marsh  plants  indicate  as  surely  as  the  aquatic  vegeta- 
tion that  these  lakes  are  of  the  fresh-water  type,  for  in  no  other  group 
previously  discussed  have  western  wapato  and  river  bulrush  been 
reported  common,  and  these  two  marsh  plants  are  fairly  good  fresh- 
water indicators. 

The  vegetation  in  the  vicinity  of  the  lakes  is  similar  to  that  of  the 
slightly  alkaline-saline  lakes  (Group  2,  C),  so  much  so  that  a  detailed 
discussion  is  not  necessary.  The  wooded-slope  flora  is  the  same  but 
less  abundant;  although  the  same  species  were  listed,  they  were 
reported  from  only  a  few  lakes.  Among  the  meadows  and  flats  the 
vegetation  is  equally  abundant  and  almost  identical  with  that  of  the 
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alkaline-saline  lakes  except  for  the  greater  prevalence  of  field  mint. 
The  remaining  plants  are  noted  in  the  list  beginning  on  page  47. 
See  also  Table  9. 

Type  B,  River  Lakes 

The  river  lakes  are  confined  to  the  Des  Lacs,  Missom-i,  and  James 
Rivers. 

LAKES    OF    THE    DES    LACS    RIVER 

The  Des  Lacs  rises  apparently  from  the  foot  of  "The  Hill  of  the 
Murdered  Scout,"  Canada,  and  soon  broadens  out  into  the  Upper 
Des  Lacs  Lake,  which  is  about  a  quarter  of  a  mile  wide  and  extends 
25  to  30  miles  southeastward,  reaching  almost  to  Kenmare  and  ter- 
minating in  a  marsh  with  a  narrow  creek  flowing  into  the  Middle  Des 
Lacs  Lake,  about  4  miles  in  length  and  three-quarters  of  a  mile  wide. 
At  the  south  and  north  ends  of  this  lake  is  a  large  marsh  character- 
ized by  an  abundance  of  giant  reed  grass,  river  bulrush,  and  bulrush. 
A  stream  flows  from  this  lake  to  the  Lower  Des  Lacs  Lake — north 
of  Baden— a  shallow  lake  about  2  miles  long  and  three-quarters  of 
a  mile  wide.  This  last  is  more  of  a  marsh  than  a  lake,  since  bul- 
rush and  whitetop  cover  almost  the  whole,  except  for  a  narrow  strip 
through  the  center.  The  Des  Lacs  River  flows  southeastward,  join- 
ing with  the  Mouse  River  north  of  Minot,  Ward  County.  The  Mouse 
River  flows  a  short  distance  southeastward,  then  to  the  northeast 
through  Velva  and  Towner,  and  finally  returns  northward  into  Canada. 
The  river  itself  seems  devoid  of  aquatic  vegetation. 

Upper  Des  Lacs  Lake  is  characterized  by  an  abundance  of  sago 
pondweed,  apparently  confined  to  the  vicinity  of  peninsular  points 
and  to  shallow  borders,  since  the  lake  is  so  deep  that  growth  through- 
out is  impossible.  In  places  this  lake  is  reported  to  be  more  than  25 
feet  deep. 

Middle  Des  Lacs  Lake  also  has  a  great  abundance  of  sago  pondweed, 
confined  mostly  to  the  northern  end  near  the  large,  marshy  area.  In- 
terspersed with  the  bulrush  and  the  occasional  patches  of  giant  reed 
grass  are  a  little  algae  and  duckweed  {Lemna  minor).  This  lake  is 
not  more  than  5  feet  deep. 

Lower  Des  Lacs  Lake,  in  addition  to  an  abundance  of  sago  pond- 
weed, has  a  little  clasping-leaf  pondweed.  The  two  species  of  duck- 
weed {Lemna  minor  and  L.  trisulca)  are  fairly  common  mixed  with  a 
great  abundance  of  bulrush,  whitetop,  giant  reed  grass,  and  common 
cattail. 

These  lakes  are  slightly  alkaline,  more  so  than  the  other  river  lakes 
to  be  discussed.  The  shore  vegetation,  on  account  of  the  steep  slopes 
of  the  surrounding  hillsides  and  comparative  absence  of  flats,  is  similar 
to  that  of  the  nonfluviatile  fresh-water  lakes.  The  plants  most 
abundant  are  sand-bar  willow,  green  ash,  Woods's  rose,  western  snow- 
berry,  American  elm,  and  nannyberry. 

LAKES   OF  THE   MISSOURI  RIVER 

All  the  larger  lakes  along  the  Missouri  River  throughout  the  State 
of  North  Dakota  were  visited.  Riverside  Marsh  is  located  about  12 
miles  southwest  of  Bismarck.  This  is  an  immense  marsh,  miles  in 
extent,  located  between  the  Little  Heart  and  the  Missouri  Rivers. 
When  visited  the  river  was  so  low  that  most  of  the  marsh  was  dry. 
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Reed  canary  grass  is  abundant  but  is  confined  to  the  drier  areas  of 
the  shore  margins  and  islands  in  the  center.  Giant  reed  grass,  com- 
mon cattail,  and  bulrush  occur  abundantly  in  large  patches  through- 
out. Slough  grass  is  common.  In  the  open  places  scattered  throughout 
the  marsh  are  associations  in  which  western  wapato,  waterplantain, 
water  parsnip,  and  bur-reed  {Sparganium  eurycarpum)  are  very 
abundant.  Reed  meadow  grass  and  sedge  {Carex  trichocarpa  var. 
aristata)  are  frequent.  In  pools,  sago  pondweed,  clasping-leaf  pond- 
weed,  and  leaf}^  pondweed  are  fairly  common. 

About  17}2  miles  southeast  of  Bismarck  is  Robinson  Lake  and  23 
miles  southeast  is  John  Wilde  Lake.  Robinson  Lake  is  plainly  a  cut-off 
bend  of  the  Missouri  River  filled  during  spring  floods  or  other  high 
water.  John  Wilde  Lake  is  nearer  to  the  high  bluff  but  still  shows 
si^ns  of  floods.  In  Robinson  Lake  the  marsh  vegetation  is  almost 
limited  to  three  plants,  a  shrubby  growth  of  sand-bar  willow  and  two 
marsh  plants,  giant  reed  grass  and  bulrush.  The  flrst  two  are  confined 
to  the  center  island  while  the  last  is  found  along  the  outer  circle  only, 
near  the  shore.  Western 
wapato  is  frequent. 
Sago  pondweed  is  locally 
common,  usually  asso- 
ciated with  the  bulrush. 

John  Wilde  Lake,  on 
the  other  hand,  lacks 
marsh  vegetation  except 
a  few  plants  of  western 
wapato  and  a  number  of 
dead  and  half-dead  wil- 
lows that  have  evidently 
been  drowned  out.  The 
aquatic  vegetation  is 
more  abundant.    Clasp- 

1      i?  J  J     •        Figure  2. — Painted  Woods  Lake  is  in  the  form  of  an  incomplete 

mg-leai    pondweea    is  elUpse,  partly  surrounding  a  smaller  lake 

common,  and  sago  pond- 
weed and  leafy  pondweed  are  abundant.     Besides  these,  water  milfoil 
is  frequent  and  water  weed  is  very  rare. 

Painted  Woods  Lake  is  another  lake  of  this  general  type.  At  pres- 
ent it  drains  apparently  into  the  Painted  Woods  Creek,  which  flows 
into  the  Missouri  River  south  of  Washburn.  During  the  spring 
floods  this  is  probably  in  direct  connection  with  the  Missouri  River. 
This  incomplete  elliptical  lake,  partly  surrounding  a  smaller  lake  in 
the  center  of  the  ellipse,  is  somewhat  different  from  the  other  Missouri 
River  lakes.  (Fig.  2.)  The  center  lake,  in  addition  to  sago  pond- 
weed and  clasping-leaf  pondweed,  has  a  great  abundance  of  water 
milfoil  and  eelgrass  pondweed,  the  latter  of  which  is  exceedingly 
abundant  and  seems  to  be  actually  driving  out  the  water  milfoil,  a 
very  fortunate  circumstance,  since  the  eelgrass  pondweed  is  much 
better  as  a  duck  food  than  water  milfoil.  In  the  shallower  spots 
water  milfoil  stiU  holds  its  own.  Coontail  is  frequent.  A  little  duck- 
weed {Lemna  minor)  is  found  along  the  edges  associated  with  giant 
reed  grass  and  cattail,  both  of  which  are  abundant.  Bulrush  and  river 
bulrush  are  common.  Western  wapato  and  reed  meadow  grass  are 
frequent.  Mare's-tail  is  rare.  All  the  aquatic  vegetation  is  extremely 
dirty,  apparently  being  loaded  with  silt.  The  outer  portion  of  the  lake, 
or  the  broken  ellipse,  5  or  6  miles  in  circumference,  is  similar  to  the 
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center  lake  in  respect  to  marsh  vegetation  but  entirely  lacks  aquatic 
plants.  This  circumstance  is  undoubtedly  due  to  the  depth  of  the 
water  and  the  current  developed  in  this  lake  during  flood  seasons, 
which  are  sufficient  to  extirpate  any  such  growth. 

The  vegetation  of  the  river  banks  and  open  woods  near  these  two 
lakes  is  very  diverse,  more  species  of  trees  and  shrubs  being  found 
here  than  in  any  other  region  outside  of  Red  Willow  Lake  and  the 
Turtle  Mountains.  On  the  drier  slopes  or  banks,  Woods's  rose,  west- 
ern snow  berry,  chokecherry,  and  silver  bufFaloberry  are  common.  On 
the  wooded  slopes  and  river  bottoms  green  ash,  boxelder,  southern 
Cottonwood,  and  sand-bar  willow  are  very  common,  the  last  like 
the  heartleaf  willow  always  preferring  the  river  or  lake  margins. 
American  elm,  nannyberry,  shadblow,  and  silky  dogwood  are  fairly 
common;  riverbank  grape,  poison  ivy  {Rhus  radicans),  American 
bittersweet,  and  virgins-bower  are  frequent.  Wherever  the  borders 
of  the  lakes  are  not  wooded,  two  species  of  goJdenrod  {Solidago  cana- 
densis and  S.  rigida),  fringed  wormwood,  white  sage,  birdsfoot  trefoil, 
and  licorice  are  fairly  common. 

LAKES    OF    THE    JAMES    RIVER 

The  lakes  of  the  James  River  (sometimes  known  as  the  Dakota  or 
''Jim"  River)  are  the  least  alkaline  of  all  the  river  lakes.  The 
James  River  rises  southwest  of  Fessenden,  Wells  County,  flows 
northeast  through  New  Rockford,  Eddy  County,  and  then  south  to 
Jamestown  and  Lamoure,  and  on  into  South  Dakota.  Three 
important  lakes  are  located  on  this  river :  Lake  Wanitah,  8  miles  west 
of  McHenry,  Foster  County;  Arrowood  Lake,  4>^  miles  west  of 
Kensal ;  and  Jim  Lake,  4  miles  east  of  Pingree,  Stutsman  County. 

Jim  Lake,  which,  of  the  three  lakes,  is  the  farthest  down  the  river, 
has  the  most  abundant  vegetation  and  the  greatest  variety  of  fresh- 
water plants.  This  possibly  can  be  explained  by  the  greater  flow  of 
water  and  better  drainage,  which  would  tend  to  keep  the  lower  lake 
less  alkaline  than  the  others.  Sago  pondweed  and  clasping-leaf 
pondweed  are  found  in  all  three  lakes  but  both  most  abundantly  in 
Jim  Lake.  Water  milfoil  is  common  in  Lake  Wanitah  and  Jim  Lake. 
Algae  and  small  duckweed  are  infrequent  or  rare  in  Lake  Wanitah, 
absent  in  Arrowood  Lake,  and  common  or  abundant  in  Jim  Lake. 

An  interesting  point  is  the  distribution  of  coontail  and  common 
bladderwort.  Coontail  is  rare  in  Lake  Wanitah  and  Arrowood  Lake 
and  abundant  in  Jim  Lake.  A  few  plants  of  common  bladderwort 
are  found  in  Lake  Wanitah,  which  may  be  considered  additional 
proof  of  poorer  drainage  in  the  uppermost  lake.  The  most  interesting 
and  noteworthy  feature  of  all,  however,  is  the  presence  and  abundance 
of  a  few  fresh-water  plant  indicators  in  Jim  Lake  and  their  total 
absence  in  the  two  upper  lakes.  Waterweed  is  abundant,  and  eel- 
grass  pondweed  common.  Besides  these,  a  few  plants  of  horned 
pondweed  are  seen,  and  leafy  pondweed  is  common. 

The  marsh  vegetation  is  similar  to  that  of  the  other  fresh-water 
groups.  Giant  reed  grass,  western  wapato,  and  bog  rush  are  fairly 
common  in  all  three  lakes.  Common  cattail,  whitetop,  and  bulrusn 
occur  in  small  patches  in  Wanitah  and  Arrowood  Lakes.  Biu'-reed 
is  rare  throughout.     Soft  bulrush  and  river  bulrush  are  also  rare. 

The  shore  vegetation,  in  general,  is  similar  to  that  previously 
discussed  under  the  Missouri  River  group.  For  additional,  detailed 
information  see  Table  10  and  appended  list. 
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GROUP  4,  SLOUGHS 


In  some  parts  of  North  Dakota  the  sloughs  are  so  numerous  and  so 
important  from  the  viewpoint  of  duck  food  that  they  have  been 
placed  in  one  group  separate  from  all  bodies  of  water.  In  the  central 
and  western  parts  of  the  State,  in  Kidder,  McLean,  Burke,  Ward,  and 
Mountrail  Counties,  they  are  exceptionally  numerous.  In  the  east- 
central  and  eastern  portions  of  the  State  they  are  very  rare.  Only 
two  are  considered  important  enough  to  be  hsted  by  Mabbott,  who 
surveyed  that'part  of  the  State.  These  two,  Eckelson  Lake  No.  5  and 
Island  Lake,  will  be  taken  up  with  the  unclassified  lakes,  as  they  are 
not  typical  exanaples  of  any  type  of  this  group.  As  would  be  expected, 
there  is  some  difficulty  in  classifying  the  sloughs,  but  in  general  the 
following  types  hold:  Type  A,  cattail  sloughs,  with  Typha  latifolia 
dominant;  type  B,  white  top,  or  mallard,  sloughs,  characterized  by  a 
great  abundance  of  Fluminea  festucacea;  type  C,  stagnant  sloughs, 
usually  characterized  by  an  abundance  of  the  marsh  plants,  bulrush 
and  giant  reed  grass,  and  the  aquatics,  algae  and  common  bladderwort. 

The  shore  vegetation  of  all  three  groups  is  very  uniform,  resembling 
so  much  in  nearly  all  features  that  of  the  fresh-water  lakes  (Group  3, 
A)  that  a  separate  discussion  will  be  unnecessary. 

Type  A,  Cattail  Sloughs 

Cattail  sloughs  make  the  smallest  and  least  satisfactorily  distin- 
guished group  of  all,  but  it  will  be  easier  to  discuss  a  certain  few  lakes 
here  together  than  to  take  them  up  individually  at  the  end  of  the 
bulletin  along  with  the  unclassified  lakes.  In  all,  there  are  only  seven 
of  these  sloughlike  lakes,  and  whitetop  is  as  abundant  as  common 
cattail  in  only  one  of  them.  There  are  no  other  marsh  plants  of 
importance  besides  the  two  mentioned,  with  the  possible  exception 
of  two  species  of  sedge  (Carex  aquatilis  and  C.  rostrata  var.  utriculata). 
Among  the  aquatic  plants  two  species  of  duckweed  {Lemna  minor 
and  L.  trisulca)  are  fairly  common,  as  well  as  common  bladderwort. 
(Table  11.) 

Type  B,  Whitetop,  or  Mallard,  Sloughs 

The  whitetop  sloughs  are  an  exceedingly  abundant  type ;  65  of  them 
have  been  listed,  but  in  the  hilly  region  of  Burke  and  Mountrail 
Counties  they  are  very  numerous.  In  the  hilly  areas  there  are  many 
of  them,  since  there  is  no  drainage,  with  the  evident  result  that  in 
every  valley  there  is  a  slough  or  lake  of  some  kind.  In  this  region 
they  are  of  three  general  kinds :  Lakes  characterized  by  water  milfoil 
and  clasping-leaf  pondweed  (Group  3);  lakes  characteristically  stag- 
nant or  without  any  aquatic  vegetation  at  all;  and  lakes  or  sloughs 
characterized  by  whitetop.  The  whitetop  sloughs  are  apparently 
most  frequented  by  ducks.  On  some  of  the  smallest  sloughs,  com- 
prising 30  acres  or  less,  a  thousand  ducks  can  often  be  seen  feeding. 
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The  characteristic  and  most  abundant  plant  is  whitetop.  This 
plant  prefers  water  1  to  2}^  feet  deep,  and  reaches  a  total  height  of 
4  to  6  feet.  It  blossoms  in  June  or  early  in  July  so  that  by  July  22, 
the  time  the  first  lakes  in  Norfch  Dakota  were  visited,  the  seeds  had 
already  been  shed  and  the  inflorescence  had  a  white,  frayed-out  ap- 
pearance characteristic  of  this  plant  in  midsummer  and  fall,  A 
large  number  of  the  hunters  throughout  the  State  call  this  plant 
wildrice,  which  causes  much  confusion,  for,  so  far  as  known,  genuine 
wildrice  has  been  reported  from  only  two  rivers  in  eastern  North 
Dakota.  Any  other  records  would  be  interesting  in  throwing  more 
light  on  its  distribution  throughout  the  State  and  would  possibly  help 
in  determining  also  the  degree  of  alkalinity  that  this  plant  can  with- 
stand. All  the  cases  reported  by  hunters  were  systematically  inves- 
tigated, but  no  wildrice  was  seen;  in  every  case  the  plant  proved  to  be 
the  familiar  whitetop. 

Associated  with  whitetop  and  occurring  in  40  of  the  65  lakes  listed 
is  bulrush.  In  almost  all  cases  this  is  fairly  common  and  occasion- 
ally quite  abundant.  Common  cattail  and  bog  rush  were  each 
reported  five  times.  In  two  of  the  lakes  where  cattail  was  reported, 
this  plant  is  rather  abundant,  but  it  seems  best  to  place  these  lakes 
here  rather  than  in  type  A,  since  whitetop  in  both  cases  is  the  more 
abundant.  One  other  plant,  water  smartweed,  was  occasionally 
found  growing  on  dry  land,  in  other  cases  on  partly  dried-out  mud 
flats  or  in  the  water. 

Among  the  aquatic  vegetation  three  plants  are  by  far  the  most 
abundant:  Common  bladderwort,  algae,  and  sago  pondweed,  occur- 
ring in  66  per  cent  or  more  of  the  sloughs.  Although  each  is  found  in 
about  the  same  number  of  sloughs,  common  bladderwort  and  algae 
are  exceedmgly  abundant,  whereas,  sago  pondweed  usually  is  rare  or 
at  most  only  frequent.  Moss  is  present  in  six  of  the  sloughs.  In  some 
cases  there  is  a  soUd  mass  of  this  plant  completely  filling  parts  of  the 
slough  to  a  depth  of  2  to  6  feet,  making  a  home  for  thousands  of 
aquatic  insects.  Water  milfoil  is  rare  or  frequent  in  four  sloughs 
and  star  duckweed  common  in  two.  Besides  these,  the  following 
are  very  rare  and  were  reported  from  only  one  slough  each:  Small 
duckweed,  coontail,  clasping-leaf  pondweed,  common  white  water 
buttercup,  and  variable  pondweed. 

For  detailed  information  in  regard  to  individual  sloughs  see 
Table  12. 
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Type  C,  Stagnant  Sloughs 

Two  species,  common  bladderwort  and  algae,  are  the  most  char- 
acteristic of  this  group  of  stagnant  sloughs.  The  former  occurs  in  79 
per  cent  and  the  latter  in  73  per  cent  of  the  33  sloughs  listed  in  this 
group,  both  when  present  being  exceedingly  abundant.  Sago  pond- 
weed  in  small  quantities  was  reported  from  45  per  cent  of  the  sloughs. 
A  large  number  of  sloughs  lack  any  vegetation,  especially  some  of 
those  in  the  Burke  County  hills.  Star  duckweed  is  next  in  abun- 
dance, occurring  in  11  per  cent  of  the  sloughs.  A  few  other  aquatic 
plants  were  each  found  in  only  two  or  three  lakes  and  then  rarely  in 
abundance;  among  these  are  the  following:  Moss,  water  smartweed, 
water  milfoil,  small  duckweed,  leafy  pondweed,  stonewort,  and  butter- 
flywort.     The  last  three  were  found  in  only  one  slough  each. 

Bulrush  is  by  far  the  most  abundant  of  all  the  marsh  plants,  being 
present  in  60  per  cent  of  the  lakes.  Next  in  importance  are  giant 
reed  grass,  bayonet  grass,  white  top,  and  three-square,  none  of  which 
was  found  in  more  than  seven  sloughs  (11  per  cent).  Common  cat- 
tail and  bog  rush  are  rare. 

For  detailed  information  in  regard  to  individual  sloughs  refer  to 
Table  13. 
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GROUP  5,  LAKES  OF  THE  TURTLE  MOUNTAINS 

The  Turtle  Mountains  are  located  in  Bottineau  and  Rolette 
Counties  in  North  Dakota  along  the  Canadian  boundary.  These 
so-called  mountains  reach  a  maximum  elevation  of  2,150  feet.  The 
plains,  however,  at  Bottineau  just  south  of  these  hills  have  an  eleva- 
tion of  1,650  feet,  and  at  St.  John,  east  of  the  hills,  the  elevation  is 
1,950  feet,  so  that  the  total  apparent  elevation  varies  only  from  200 
to  500  feet.  Even  this  small  increase  in  elevation  has  caused  a  very 
decided  change  in  the  appearance  of  the  country,  for  instead  of 
plains  and  occasional  barren  hills,  there  are  heavily  wooded  slopes  and 
clear,  mountain  lakes.  The  land  where  cleared  is  far  more  produc- 
tive than  that  of  the  near-by  plains. 

The  region  is  so  different  from  fche  rest  of  North  Dakota  that  the 
lakes  have  been  placed  in  a  group  by  themselves.  The  only  lake 
elsewhere  in  the  State  that  resembles  the  Turtle  Mountain  lakes  to 
any  extent  is  Red  Willow  Lake,  Griggs  County.  A  w^ood  flora 
somewhat  similar  to  that  in  the  Turtle  Mountains  was  found  in 
occasional  isolated  spots  in  addition  to  the  lake  mentioned.  Two  of 
these  are  the  banks  of  the  Missouri  River  and  wooded  areas  just 
south  of  Devils  Lake. 

Of  the  84  lakes  surveyed  in  the  Turtle  Mountains,  69  are  listed 
from  Bottineau  County  and  15  from  Rolette  County.  The  majority 
of  the  lakes  conform  to  Group  3,  B,  the  distribution  in  many  cases 
being  rather  difficult  to  draw.  The  water  throughout  these  lakes 
seems  very  uniform  in  quality,  and  other  factors  must  have  been  more 
important  in  promoting  differences  in  aquatic  vegetation.  In  Cor- 
delia Township  in  a  rather  low  area  are  a  group  of  three  dry  alkaline 
lakes  with  an  abundance  of  bayonet  grass  conforming  to  Group  2,  B. 

Throughout  all  the  Turtle  Mountain  lakes  sago  pondweed  and 
water  milfoil  are  by  far  the  most  abundant  plants,  occurring  in  more 
than  77  per  cent  of  the  lakes.  Both  are  much  more  abundant  in 
Rolette  than  in  Bottineau  County;  in  fact,  sago  pondweed  was 
reported  in  all  the  lakes  that  were  listed  from  Rolette  County.  Next 
in  abundance  are  yellow  waterlily  and  clasping-leaf  pondweed,  occur- 
ring in  30  to  33  per  cent  of  the  lakes.  The  abundance  of  the  yellow 
waterlily  is  rather  striking,  since  it  has  not  been  found  in  any  of  the 
other  lakes  listed,  and  even  in  the  Turtle  Mountain  region  it  was 
confined  almost  entirely  to  Bottineau  County.  Clasping-leaf  pond- 
weed, on  the  other  hand,  is  more  abundant  in  Rolette  County.  Algae 
are  next  in  importance  but  never  very  abundant,  with  the  possible 
exception  of  those  of  Cordelia  Township,  section  10  southwest. 

Coontail,  widgeon  grass,  stonewort,  and  floating  pondweed  are 
fairly  common,  occurring  in  10  per  cent  of  the  lakes.  The  interesting 
feature  in  regard  to  these  plants  is  the  great  difference  in  abundance 
noted  between  the  two  counties.  Rolette  County  has  lakes  that  are 
probably  less  alkaline  than  those  in  Bottineau  County,  although  all 
are  called  fresh-water  lakes.  The  most  abundant  aquatic  plant  in 
Bottineau  County,  and  one  quite  tolerant  of  alkali,  namely  stonewort, 
occurs  in  only  6  per  cent  of  the  lakes,  whereas  in  Rolette  County  this 
species  as  well  as  the  other  three  mentioned  occur  in  30  to  40  per  cent. 

Star  duckweed  and  small  duckweed  are  fairly  common.  Fries's  pond- 
weed is  found  in  only  two  lakes,  Jarves  and  Upsilon.  The  following  are 
found  only  in  one  lake  each:  Moss,  common  bladderwort,  common 
white  water  buttercup,  leafy  pondweed,  and  horned  pondweed.  For 
detailed  information  in  regard  to  individual  lakes  see  Table  14. 
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Among  the  marsh  plants,  bulrush  is  the  most  abundant,  occurring 
in  75  per  cent  of  the  Turtle  Mountain  lakes.  Common  cattail  is 
next  in  abundance,  occurring  in  40  per  cent.  This  plant  is  of 
especial  interest  as  occurring  in  all  the  15  lakes  Usted  from  Rolette 
County.  Bur-reed,  western  wapato,  and  giant  reed  grass  are  present 
in  21  to  26  per  cent  of  the"  lakes,  all  being  the  most  abundant 
in  Rolette  County.  Next  in  importance  are  soft  bulrush,  bog  rush, 
and  whitetop.  Soft  bulrush  is  absent  from  Bottineau  County; 
whitetop  is  found  in  that  county  only. 

The  variety  and  abundance  of  the  shore  vegetation  of  the  lakes  of 
the  Turtle  Mountains  are  so  great  that  space  will  be  taken  to  list 
only  the  most  abundant  of  the  trees,  shrubs,  and  herbaceous  plants. 
Notes  in  regard  to  the  less  common  ones  will  be  found  in  the  list  given 
on  pages  47  to  64. 

The  characteristic  and  dominant  vegetation  in  the  mountains  is 
the  trees  and  shrubs,  which  give  a  better  idea  of  the  flora  as  a  whole 
than  do  the  herbaceous  plants.  In  the  following  list  the  plants  have 
been  grouped  according  to  their  abundance : 

Trees  and  Shrubs 


ABUNDANT 


Mossycup  oak  (Quercus  macrocarpa) . 
Quaking  aspen    (Populus  tremuloides) . 
Balsam  poplar  (Populus  tacamahacca) . 
Chokecherry  {Prunus  virginiana). 


Sand-bar  willow  (Salix  interior). 
American  hazelnut  (Corylus  americana) . 
Western     snowberry     (Symphoricarpos 
occidenlalis) . 


FAIRLY    COMMON    OR    FREQUENT 


Shadblow  (Amelanchier  florida) . 
Cranberrybush  ( Viburnum  trilohum) . 
Pussy  willow  (Salix  discolor). 
Beak  willow  (Salix  bebhiana). 
Boxelder  (Acer  negundo). 
Canoe  birch  (Betula  papyrifera) . 
Beaked  hazelnut  (Corylus  rostrata). 
Red-osier  dogwood  (Cornus  stolonifera) . 


Wild  rose  (Rosa  blanda  and  R.  woodsii). 
Glaucous  willow  (Salix  prinoides). 
American  black  currant  (Ribes  ameri- 

canum) . 
Green  ash  (Fraxinus  lanceolata). 
Pin  cherry  (Prunus  pennsylvanica) . 
Autumn  willow  (Salix  serissima) . 


Herbaceous  Plants 

ABUNDANT    IN    MEADOWS    AND    SANDY    SHORES 


Reed  canary  grass  (Phalaris  arun- 
dinacea) . 

Nodding  wild-rye  (Elymus  cana- 
densis) . 

Canada  thistle  (Cirsium  arvense). 

Panicled  aster  (Aster  paniculatus) . 


Bluegrass  (Poa  tri flora) . 

Slough     grass      (Beckmannia     erucaC' 

formis) . 
Silverweed  (Potentilla  anserina). 
Squirreltail    grass    (Hordeum    juba- 

tum). 


ABUNDANT   IN    WOODLAND   BORDERS 


Smooth  aster  (Aster  laevis). 
Pyrola  (Pyrola  asarifolia). 
Wild-sarsaparilla  (Aralia  nudicaulis). 


Bunchberry  (Cornus  canadensis). 
Sidebells  pyrola  (Pyrola  secunda), 


GROUP  6,  UNCLASSIFIED  LAKES 


Unfortunately  no  classification  devised  seems  capable  of  including 
all  the  lakes  that  were  seen  in  North  Dakota,  and  out  of  the  600  or 
more  lakes  seen  (500  listed)  some  15  must  necessarily  be  treated  in 
lesser  groups  or  individually.  Information  in  regard  to  location  of 
these  lakes  is  given  in  Table  15. 
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Table  15. — List  of  unclassified  lakes  of  North  Dakota 


Lake 


(2)  1 

Mud  (2) 

Stink 

Eckelson  No.  5 

Wallace  (SW.  M  sec.  35). 

Cherry  (m)...- — . 

Big  Slough  (2) 

Gumbo  Slough 

Rock  (4)... 

Rush  (15) 

Alice  2 

Irvin^.. 

Chain*. 

Island  (2) 

Horseshoe  (1) 

Broken  Bone  (1) 

Stink 

Elbow 

Shinbone 

Spring 


Location 


Hankinson  (IJ^  mi.  SW.) . 
Hankinson  (2  mi.  WSW.). 
Napoleon  (15  mi.  NW.)... 

Sanborn  (4H  mi.  SW.) 

Robinson  (11  mi.  NE.) 

Dawson  (17  mi.  NNW.)... 

Taylor  (22  mi.  N.) .-. 

Taylor  (9  mi.  N.) 

Rock  Lake  (NE.) 

Wales  (NW.) 

Churchs  Ferry  (NE.) 

do 


do 

Rolette  (SE.) 

Pleasant  Lake  (S.) . 
do 


Leeds  (SE.)„. 
Tokio  (SE.)„. 
Warwick  (E.). 
Tokio  (N.)-— 


County 


Date 
surveyed 


Richland, 
.do. 


Emmons. 
Barnes... 
Kidder... 
do.... 


Dunn 

do... 

Towner. 
Cavalier. 
Ramsey. 
do... 


do-. 

Rolette. 
Benson. 
do.. 


.do. 
-do. 
.do. 
.do. 


July  25 
July  27 
Aug.  4 
Aug.  9 
Aug.  16 
Aug.  18 
Aug.  28 

Do. 
Sept.  13 
Sept.  14 
Sept.  25 
Sept.  26 

Do. 
Sept.  29 
Oct.  18 
Oct.  19 
Oct.  20 
Oct.    21 

Do. 

Do. 


1  Numbers  in  parentheses  represent  approximate  area  in  square  miles. 

»  Combined  area  of  Alice,  Irvin,  and  Chain  Lakes  approximately  16  square  miles 

Lake  Elsie  and  Mud  Lake,   Richland  County 

These  two  lakes  are  the  only  ones  in  North  Dakota  in  which  naiad 
was  found  in  abundance.  The  only  other  lake  in  which  it  was  found  at 
all  is  John  Wilde  Lake  on  the  Missouri  River,  and  there  only  a  single 
fragment  was  seen.  The  other  aquatic  vegetation  is  similar  to  that  of 
lakes  of  the  freshwater  type  (Group  3,  A),  water  milfoil,  sago  pond- 
weed,  and  stonewort  being  common  in  both  lakes.  In  Mud  Lake, 
leafy  pondweed  and  coon  tail  also  were  found.  The  marsh  vegetation 
is  of  a  familiar  type,  characterized  by  an  abundance  of  bulrush, 
giant  reed  grass,  reed  canary  grass,  sedges  (Carex  lanuginosa,  C. 
aquatilis,  and  C.  rostrata  var.  utriculata),  and  slough  grass.  Groves 
bordered  parts  of  both  lakes.  The  dominant  trees  were  mossycup 
oak,  southern  cottonwood,  peachleaf  willow,  and  green  ash,  with  a 
few  trees  of  American  elm,  boxelder,  and  hackberry. 

Stink  Lake,  Emmons  County 

This  strongly  alkaline  lake  gives  off  a  disagreeable  odor  that  is 
easily  detected  half  a  mile  away.  The  border  of  the  lake  is  dry,  con- 
sisting of  a  fine  white  residue  3  or  4  inches  deep  under  which  is  a 
leijer  of  dark-green  clay.  A  sample  taken  from  the  residue  on  shore 
showed  on  analysis  66.5  per  cent  sodium  sulphate.  The  vegetation  is 
extremely  limited  around  the  border,  being  restricted  to  sea  blite 
(Dondia  depressa),  salt  grass,  and  seaside  arrowgrass. 

Eckelson  Lake  No.  5,  Barnes  County 

This  small  slough  of  30  acres  could  hardly  be  placed  with  any  of  the 
types  of  the  slough  group  (4).  Comparison  with  other  groups  also 
shows  no  clear-cut  relationships.  Common  cattail,  giant  reed  grass, 
bulrush,  three-square,  and  bayonet  grass  are  fairly  common.  Algae 
are  only  frequent.  Common  bladderwort  and  mare's-tail  are  rare. 
Whitetop  is  absent. 
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SW.  }i  Section  35,  Wallace  Lake,  Kidder  County 

This  lake  might  possibly  have  been  included  with  the  stagnant 
lakes;  however,  common  bladderwort,  highly  characteristic  of  such 
lakes,  is  only  frequent,  while  star  duckweed  and  moss  are  exceedingly 
abundant.  Throughout  most  of  this  20-acre  lake  star  duckweed  is 
present  in  a  solid,  floating  mass,  varying  from  4  to  7  inches  thick. 
More  than  1,200  ducks  were  seen  feeding  here. 

Cherry  Lake,   Kidder  County 

With  an  area  of  more  than  VA  sections  this  large  lake  is  peculiar  in 
many  ways:  (1)  Although  the  water  is  muddy  and  odoriferous,  it  does 
not  seem  to  be  very  alkaline;  (2)  the  shore  plants  are  nearly  all  of  the 
fresh-water  type  and  the  only  alkali  indicators  found  were  rare; 
and  (3)  the  water  apparently  is  almost  full  of  small,  threadlike  par- 
ticles, which  appear  to  be  portions  of  a  light-green,  filamentous  alga. 
Sago  pondweed,  common  bladderwort,  and  algae  are  fairly  common  in 
the  west  bay,  which  was  almost  separated  from  the  lake  by  a  narrow 
peninsula  about  a  mile  long.  The  lake  proper  is  devoid  of  vegeta- 
tion, with  the  possible  exception  of  the  alga  noted. 

Big  Slough,  Dunn  County 

This  large  slough  with  an  area  of  2  sections,  is  the  only  one  of  any 
size  west  of  the  Missouri  River  in  North  Dakota  that  does  not  dry  up 
in  summer.  Partly  for  this  reason  it  is  quite  different  in  vegetation 
from  the  others.  River  bulrush  is  very  abundant,  occupying  the 
center  of  the  slough.  Outside  of  this  is  a  band  of  open  water,  and 
beyond  it  and  reaching  to  the  shore  is  a  great  abundance  of  water 
smartweed  and  occasional  large  patches  of  whitetop.  Mixed  with 
these  two  dominant  species  the  following  totally  submerged  plants 
are  abundant:  Coontail,  leafy  pondweed,  and  common  bladderwort. 
Common  white  water  iDuttercup  is  frequent.  Among  the  floating 
plants,  both  small  and  star  duckweeds  and  algae  are  common.  The 
shore  plants  are  of  the  usual  barren  hillside  kinds,  with  the  addition  of 
hoary  sagebrush.  This  is  a  western  species  of  sage,  rarely  extending 
east  of  the  Missouri  River. 

Gumbo  Slough  is  a  marshy  dried-out  hay  slough  somewhat  similar; 
here  also  river  bulrush  and  water  smartweed  are  abundant. 

Rock  Lake   (Lac  des  Roches),  Towner  County 

This  large,  shallow  lake,  with  an  area  of  about  4  sections,  is  in 
reality  a  large  whitetop  slough.  Originally  it  was  an  important  lake, 
but  later  it  went  completely  dry  and  whitetop  took  possession.  A 
sedge  {Carex  riparia)  is  the  only  other  marsh  plant  in  abundance; 
the  following,  however,  are  less  commonly  present:  Soft  bulrush,  bul- 
rush, common  cattail,  giant  reed  grass,  bog  rush,  and  slough  grass. 
Among  the  aquatics  only  common  bladderwort  is  common;  small 
quantities  of  floating  water  smartweed,  clasping-leaf  pondweed,  sago 
pondweed,  water  mufoil,  and  coontail  are  present.  Algae,  the  two 
duckweeds,  and  butterflywort  are  fairly  common.  There  were  no 
striking  differences  noted  in  the  shore  vegetation. 
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Rush   Lake,    Cavalier   County 

This  large,  shallow  lake,  including  the  bordering  marshes,  has  an 
area  of  about  15  square  miles.  The  submerged  aquatic  vegetation  is 
confined  to  large  patches  of  sago  pondweed  in  the  center  of  the 
lake  with  occasional  colonies  of  clasping-leaf  pondweed.  Extending 
shoreward  from  the  open  water,  bulrush  is  abundant  in  rather  dense, 
scattered  clumps.  Along  the  shore  and  bordering  the  two  wooded 
islands,  giant  reed  grass  is  abundant,  and  in  many  places  common 
cattail,  soft  bulrush,  and  whitetop  are  common,  while  locally  river 
bulrush  and  bur-reed  are  found.  In  the  slough  at  the  south  end, 
water  milfoil  and  common  bladderwort  are  abundant,  small  and  star 
duckweeds  are  fairly  common,  and  coontail  is  rare.  The  shore  vege- 
tation is  composed  mostly  of  willows,  currants,  hawthorns,  and  roses. 

Alice,  Irvin,  and  Chain  Lakes,  Ramsey  County 

These  large,  shallow  lakes,  with  a  combined  total  area  of  about  16 
square  miles,  were  at  one  time  connected,  but  in  late  years  they  have 
been  entirely  separate.  Lake  Irvin  has  been  completely  dry  in  some 
years  and  at  one  time  was  partly  seeded  over  with  barley.  A  fourth 
lake  south  of  Chain  Lake  has  for  many  years  been  a  wild  meadow. 
Lake  Alice  (Lac  aux  Morts)  the  largest  of  the  group,  is  entirely  sur- 
rounded by  a  dense  border  of  giant  reed  grass;  bulrush  is  rather  com- 
mon, and  the  following  marsh  plants  occur  locally  in  small  patches : 
Whitetop,  sedge  (Carex  riparia),  river  bulrush,  common  cattail,  bur- 
reed,  western  wapato,  and  soft  bulrush;  sago  pondweed  is  present  in 
small  quantities.  In  the  other  two  lakes  sago  pondweed  is  more 
abundant,  but  the  marsh  vegetation  is  rather  scanty,  probably  on 
Account  of  cultivation  and  extensive  pasturage. 

Island  Lake,  Rolette  County 

This  1,100-acre,  sloughlike  lake  was  the  only  one  listed  from  the 
northeastern  and  eastern  counties  that  could  be  considered  as  be- 
longing to  the  whitetop  sloughs  (Group  4,  B),  but  even  this  lake  has 
an  aquatic  vegetation  in  common  with  the  fresh-water  lakes  (Group 
3,  A),  since  clasping-leaf  pondweed,  water  milfoil,  and  sago  pondweed 
are  abundant.  A  few  years  ago  a  large  portion  of  the  lake  bed  was 
seeded  to  barley,  but  when  visited  during  the  present  investigation 
only  part  of  the  lake  was  dry,  so  that  it  still  furnished  an  excellent 
feeding  ground  for  thousands  of  ducks.  The  whole  lake  is  covered 
with  an  abundant  growth  of  whitetop  and  a  few  scattered  patches  of 
bulrush.  The  most  interesting  feature  in  regard  to  the  shore  vege- 
tation and  that  of  the  two  small  islands  is  the  frequency  of  three 
poplars — southern  cottonwood,  quaking  aspen,  and  balsam  poplar — 
glaucous  and  slender  willows,  and  red-osier  dogwood.  Otherwise,  the 
shore  vegetation  is  of  the  usual  type. 

Benson  County  Group 

The  majority  of  the  lakes  of  this  county  were  surveyed  from 
October  18  to  21.  Beginning  on  the  16th  of  the  month  a  severe 
storm  made  field  work  exceedingly  difficult.  At  the  time  of  the 
survey  all  the  lakes  were  covered  with  2  to  4  inches  of  ice.  Even 
with  the  vigorous  use  of  spade  and  ax,  only  a  general  and  possibly 
inaccurate  idea  could  be  obtained  of  the  vegetation  of  these  lakes; 
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therefore,  they  have  been  placed  in  a  separate  group  and  the  informa- 
tion about  them,  admittedly  incomplete,  is  offered  for  whatever  it  is 
worth. 

Horseshoe  and  Broken  Bone  Lakes,  just  south  of  the  town  of 
Pleasant  Lake,  are  very  similar  and  are  separated  by  only  a  narrow 
strip  of  land.  In  Broken  Bone  Lake  sago  pondweed  is  abundant; 
the  whole  lake  is  bordered  by  a  broad  band  of  giant  reed  grass  and 
bulrush.  Horseshoe  Lake,  on  the  other  hand,  is  not  so  deep;  three- 
square  and  bulrush  are  frequent  and  giant  reed  grass  is  rare.  A  little 
vegetation  was  noticed  in  the  center  of  the  lake,  but  its  nature  could 
not  be  determined.  The  only  striking  fact  about  the  shore  vegetation 
of  these  two  lakes  is  the  abundance  of  balsam  poplar,  mossycup  oak, 
and  southern  cottonwood. 

Stink  Lake,  southeast  of  Leeds,  is  an  extremely  alkaline  lake,  shal- 
low and  devoid  of  aquatic  or  marsh  vegetation.  The  floor  of  the  lake 
is  a  mass  of  soft,  black,  puttylike  quicksand  or  mud,  which  gives  off 
a  penetrating,  offensive  odor.  On  the  shore  samphire  and  salt  grass 
are  common. 

Shinbone,  Elbow,  and  Spring  Lakes  in  the  vicinity  of  Warwick  and 
Tokio  were  found  somewhat  similar  Sago  pondweed  is  present  in 
various  quantities  in  all  of  them.  The  shore  vegetation  in  general  is 
also  of  the  usual  type. 


ANNOTATED  LIST  OF  PLANTS  COLLECTED  ABOUT  LAKES  AND 

SLOUGHS 

ALGAE:  POND  SCUMS 

Synechococcus  Naegeli.  One  of  the  unicellular,  nongelatinous,  blue-green  algae 
(Cyanophyceae) ,  giving  a  dark  olive-green  color  to  saline  waters;  rare,  occur- 
ring only  in  Mercer  Lakes  Nos.  1  and  2,  northeast  of  Turtle  Lake,  McLean 
County. 

Clathrocystis  Henfrey.  One  of  the  small,  unicellular,  colonial  blue-green  algae, 
usually  of  a  pinkish  color  and  found  in  alkaline  waters;  rather  rare,  occurring  in 
Gooley  Slough,  near  Hankinson,  Richland  County;  only  occasional  elsewhere, 

Anabaena  Bory.  One  of  the  heterocystic  blue-green  algae,  giving  a  greenish 
tinge  to  fresh  water;  rare;  definitely  determined  only  from  Upsilon  Lake  in 
the  Turtle  Mountains,  Rolette  County.  Plants,  possibly  the  same,  were 
found  in  Wanitah  Lake,  Foster  County,  and  Cherry  Lake,  north  of  Dawson, 
Kidder  County. 

Enteromorpha  Link.  One  of  the  filamentous  green  algae  (Chlorophyceae) ; 
light  green  in  color,  rather  common  in  Stump  Lake,  Nelson  County;  occasion- 
ally found  elsewhere. 

Chaetomorpha  Kutz.  One  of  the  filamentous  green  algae;  dark  green  in  color, 
exceedingly  tough  and  wiry;  common  in  Section  HE  Lake,  Cordelia  Township, 
Bottineau  County;  frequent  in  many  other  Turtle  Mountain  Lakes,  and 
occasional  elsewhere. 

Cladophora  Kutz.  One  of  the  branching  green  algae;  usually  yellow  brown  in 
color,  very  abundant  in  stagnant  water,  especially  in  Richland  County  in  the 
southeastern,  and  Burke,  Ward,  and  Mountrail  Counties  in  the  northwestern, 
part  of  the  State. 

Spirogyra  Link.  One  of  the  filamentous  green  algae;  green  in  color,  fairly 
common. 

CHARACEAE:  STONEWORTS 

Chara  Vaillant:  Stone  wort.  Common  throughout  the  State;  at  least  three 
distinct  species  present,  which,  however,  remain  unidentified. 

HEPATICAE:  LIVERWORTS 

Riccia  Linnaeus:  Liverwort.     Rare;   reported   only   from   Rock   Lake,   Towner 

County. 
Ricciella  fluitans  (Linnaeus)   Bisch:  Butterfly  wort.     Rare;  reported  only  from 

Deer  Lake,  Kidder  County. 
Marchantia  polymorpha   Linnaeus:   Liverwort.     Rare;  reported  only  from  Eli 

Lake,  Sections  15-16,  Diamond  Township,  Burke  County;  confined  to  springy 

places. 

MUSCI:  MOSSES 

Amblystegium  riparium  Bruch  and  Schimper.     Common  throughout  the  State 

in  quiet  bays  and  lakes. 
Sphagnum  Linnaeus.     Occasionally  found  in  springy  places  and  bogs. 

EQUISETACEAE:  HORSETAILS;  SCOURING-RUSHES 

Equisetum  arvense  Linnaeus:  Common  horsetail.  Rare;  in  sandy  soil  near 
Mud  Lake,  Richland  County;  also  at  Sweetwater  Lake,  Barnes  County,  and 
Upsilon  Lake,  Rolette  County. 

Equisetum  hyemale  Linnaeus:  Scouring-rush.  Frequent  on  sandy  slopes 
bordering  lakes  throughout  the  State. 

TYPHACEAE:  CATTAILS 

Typha  latifolia  Linnaeus:  Common  cattail.  Common  throughout  the  State  in 
springy  places  and  in  the  vicinity  of  fresh-water  lakes. 
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SPARGANIACEAE:  BUR-REEDS 

Sparganium  eurycarpum  Engelmann:  Bur-reed.  Frequent  throughout  the 
State  along  the  border  of  fresh-water  sloughs  and  lakes;  fairly  common  in  the 
Turtle  Mountain  lakes. 

Sparganium  americanum  Nuttall:  Bur-reed.  Rare;  reported  only  from  River- 
side Marsh  along  the  Missouri  River,  south  of  Mandan,  Morton  County, 
where  it  was  fairly  common. 

NAIADACEAE:  PONDWEEDS 

Potamogeton  natans  Linnaeus:  Floating  pondweed.  Rather  rare  fresh-water 
plant,  being  found  in  eight  Turtle  Mountain  lakes  but  in  only  one  case  common 
(Metigoshe  Lake).  The  only  other  locality  where  it  was  noted  was  in  a  lake  in 
sections  20  to  29,  Foothill  Township,  Burke  County,  where  a  few  plants  were 
seen. 

Potamogeton  heterophyllus  Schreber:  Variable  pondweed.  Rare  fresh-water 
plant,  being  found  only  in  four  sloughs:  Bismarck  and  King  Sloughs,  east  of 
Bismarck,  Burleigh  County,  and  Big  Slough  south  of  Underwood,  and  slough 
south  of  Max,  McLean  County. 

Potamogeton  praelongus  Wulfen:  White-stemmed  pondweed.  Rare;  reported 
only  from  Pelican  Lake,  Turtle  Mountains,  Bottineau  County. 

Potamogeton  perfoliatus  Linnaeus:  Clasping-leaf  pondweed.  Abundant  in  the 
northern,  less  abundant  in  the  southern  counties;  prefers  shallow,  slightly 
alkaline,  or  fresh  water.  This  species  was  represented  by  two  forms,  one  of 
which  was  characterized  by  sessile,  lanceolate  to  narrow  ovate-lance vilate 
leaves  with  acuminate  apex  agreeing  with  Potamogeton  richardsonii  (Bennett) 
Rydberg  (P.  perfoliatus  richardsonii  Bennett) ;  the  other  with  clasping-perfoli- 
ate,  ovate-lanceolate  to  ovate  leaves  with  acute  apex  representing  P.  perfoliatus 
Linnaeus.  Every  possible  intermediate  intergradation  between  these  two 
forms  was  found,  indicating  that  all  these  forms  should  be  treated  as  a  single 
species. 

Potamogeton  zosterifolius  Schumacher:  Eelgrass  pondweed.  Rare;  occurring 
in  three  fresh-water  lakes:  Jim  Lake,  Stutsman  County,  where  it  was  fairly 
common;  King  Slough,  Burleigh  County;  and  Painted  Woods  Lake,  McLean 
County,  where  it  was  abundant. 

Potamogeton  friesii  Ruprecht:  Fries's  pondweed.  Rare,  being  reported  from  the 
two  fresh-water  lakes  Upsilon  and  Jarves  in  the  Turtle  Mountains,  Rolette 
County. 

Potamogeton     foliosus     Rafinesque-Schmaltz :      Leafy     pondweed.     Frequent 

^  throughout  the  State  in  quiet,  shallow  bays  or  lakes. 

Potamogeton  pectinatus  Linnaeus:  Sago  pondweed.  Abundant  throughout  the 
State  in  fresh,  alkaline,  or  saline  water.     Extremely  variable. 

Ruppia  maritima  Linnaeus:  Widgeon  grass.  Abundant  throughout  the  State 
in  slightly  alkaline-saline  or  saline  water.  A  few  plants  were  noted  that 
approached  very  closely  to  Ruppia  occidentalis  Watson  of  Britton  and  Brown's 
Manual  {2)  (sheaths  IH  to  2  inches  and  achenes  IH  to  2  lines) ;  others  were  less 
vigorous  (sheaths  3  to  4  lines,  and  achenes  1  line)  resembling  R.  maritima^ 
and  one,  very  much  stunted,  was  identical  with  R.  maritima  rostrata  Agardh  (5). 
However,  the  large  forms  that  approached  R.  occidentalis  are  always  found  in 
the  least  alkaline  lakes  under  the  most  favorable  conditions,  as  in  Brush  Lake, 
McLean  County,  whereas  the  less  vigorous  forms  are  found  under  adverse 
conditions  in  the  strongly  alkaline-saline  lakes,  and  the  most  stunted  of  all.  R. 
maritima  rostrata,  in  the  very  salty  Kellys  Slough,  Grand  Forks  County. 
Unfortunately,  fruit  in  many  cases  could  not  be  found,  but  after  the  summer's 
investigation  of  numerous  lakes  of  extremely  different  types,  evidence  seems 
to  indicate  that  the  so-called  species  and  varieties  of  Ruppia  are  due  in  North 
Dakota  to  environmental  factors  primarily  connected  with  the  concentration 
of  various  salts  in  the  water. 

Zannichellia    palustris    Linnaeus:  Horned    pondweed.     Rare    throughout    the 

ll  State;  found  in  small  springs  and  on  sandy  bottoms  in  shallow  water  along  the 

F  border  of  fresh-water  lakes. 

Naias  marina  Linnaeus:  Naiad.  Rare;  reported  from  Mud  Lake  and  Lake 
Elsie,  near  Hankinson,  Richland  County. 
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JUNCAGINACEAE:  ARROWGRASS 

Triglochin  maritima  Linnaeus:  Seaside  arrowgrass.  Common  on  marshy- 
flats  and  sandy  meadows  of  strongly  alkaline-saline  lakes  throughout  the  State. 

Triglochin  palustris  Linnaeus:  Arrowgrass.  Frequent  throughout  the  State  in 
springy  places  or  bordering  fresh-water  lakes. 

ALISMACEAE:  WATERPLANTAIN;  WAPATO 

Sagittaria  latifolia  Willdenow:  Wapato.  Rare;  reported  from  Mud  Lake, 
Richland  County,  and  Dawson  Slough  and  Horseshoe  Lake,  Kidder  County. 

Sagittaria  arifolia  Nuttall:  Western  wapato.  Common  throughout  the  State 
along  the  borders  of  fresh-water  lakes  and  sloughs. 

Alisma  plantago-aquatica  Linnaeus:  Waterplantain.  Frequent  throughout  the 
State  along  the  border  of  fresh-water  sloughs  and  lakes. 

Alisma  geyeri  Torrey:  Geyer's  waterplantain.  Rather  rare;  reported  from  six 
or  seven  fresh- water  lakes;  usually  growing  completely  submerged  in  1  to  2 
feet  of  water;  in  one  case  found  on  dried-out  mud  flats  where  the  water  had 
receded  (p.  29). 

HYDROCHARITACEAE:  WATERWEED;  EELGRASS 

Elodea  canadensis  Michaux:  Waterweed.  Rather  rare;  reported  from  eight 
fresh-water  sloughs  or  lakes,  usually  growing  in  shallow  water  and  abundant 
only  in  Bismarck  Slough,  Burleigh  County,  and  Jim  Lake,  Stutsman  County. 

GR AMINE AE:  GRASSES 

Andropogon  scoparius  Michaux:  Little  bluestem.  Common  throughout  the 
State  on  the  prairies  or  dry  barren  hillsides. 

Andropogon  furcatus  Muhlenberg:  Beardgrass.  Not  so  common  as  little  blue- 
stem  but  rather  common  throughout  the  State  on  sandy  hillsides  and  in  moist 
meadows. 

Panicum  capillare  Linnaeus:  Old  witch  grass.  Frequent  throughout  the  State 
in  small  quantities,  along  the  sandy  borders  of  fresh-water  or  slightly  alkaline- 
saline  lakes. 

Panicum  virgatum  Linnaeus:  Switch  grass.  Frequent  throughout  the  State  in 
low  meadows  in  the  vicinity  of  lakes. 

Echinochloa  crusgalli  (Linnaeus)  Beauvois:  Barnyard  grass.  Frequent  through- 
out the  State,  usually  found  in  sandy  meadows.  A  number  of  the  plants- 
approached  very  closely  to  the  var.  frumentacea  (Roxburgh)  Link, 

Setaria  viridis  (Linnaeus  ) Beauvois:  Green  foxtail.  Only  reported  once  in  the 
vicinity  of  lakes,  namely  at  Swan  Lake,  Richland  County;  frequent  elsewhere. 

Cenchrus  carolinianus  Walter:  Sandbur.  Very  rare;  reported  only  from  sandy 
bank  along  Missouri  River,  near  Bismarck,  Burleigh  County. 

Phalaris  arundinacea  Linnaeus:  Reed  canary  grass.  Common  throughout  the 
State  in  sandy  flats,  meadows,  and  marshes. 

Stipa  comata  Trinius  and  Ruprecht:  Feathergrass.  Reported  only  once  in  the 
vicinity  of  any  lake  (Buffalo  Lake,  Kidder  County) ;  common  elsewhere. 

Stipa  spartea  Trinius:- Porcupine  grass.  Reported  only  once  in  the  vicinity  of 
any  lake  (Elsie  Lake,  Richland  County) ;  frequent  elsewhere. 

Muhlenbergia  foliosa  Trinius.  Very  rare;  found  only  at  Crooked  Lake,  McLean 
County. 

Muhlenbergia  racemosa  (Michaux)  Britton,  Sterns,  and  Poggenberg:  Wild 
timothy.  Reported  only  once  in  the  vicinity  of  any  lake  (Bismarck  Sloughy 
Burleigh  County) ;  frequent  elsewhere. 

Phleum  pratense  Linnaeus:  Timothy.  Rare;  found  only  in  meadow  along  the 
border  of  Mud  Lake,  Richland  County. 

Sporobolus  cryptandrus  (Torrey)  Gray:  Sand  dropseed.  Rare;  found  only  once 
— Williams  Lake,  Kidder  County,  on  sandy  beach. 

Sporobolus  richardsoni  (Trinius)  Merrill:  Dropseed.  Rare;  found  along  sandy 
borders  of  five  lakes:  Isabel  Lake,  Kidder  County;  Johnson  and  North  Lakes,. 
Divide  County;  Clear  Lake  and  Lostwood  Section  21-28  Lake,  Burke  County. 

Sporobolus  asperifolius  (Nees  and  Meyen)  Thurber:  Rough-leaf  dropseed. 
Common  throughout  the  State;  a  plant  of  sandy  beaches  and  meadows. 

Agrostis  alba  Linnaeus:  Redtop.  Rather  rare;  reported  from  Round  and  Elsie 
Lakes,  Richland  County,  and  Sweetwater  Lake,  Barnes  County.  One  speci- 
men approached  vat.  vulgaris  (Withering)  Thurber. 
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Agrostis  hyemalis  (Walter)  Britton,  Sterns,  and  Poggenberg:  Hair  grass.  Fre- 
quent throughout  the  State  on  dry,  sandy  hillsides  and  grasslands. 

Calamagrostis  canadensis  (Michaux)  Beauvois:  Bluejoint.  Very  rare;  reported 
only  from  the  marsh  at  the  south  end  of  Elsie  Lake,  Richland  County. 

Calamagrostis  inexpansa  Gray:  Bog  reed  grass.  Very  rare;  definitely  reported 
only  from  one  locality,  namely,  marshy  ground  at  Kellys  Slough,  Grand  Forks 
County. 

Sphenopholis  obtusata  (Michaux)  Scribner,  var.  lobata  (Trinius)  Scribner:  Early 
bunch  grass.  Fairly  common  throughout  the  State  in  low  meadows  and  on 
dry  hillsides  and  prairies. 

Koeleria  cristata  (Linnaeus)  Persoon:  June  grass.  Rare;  found  only  once  at 
Miller  Lake,  Divide  County;  probably  frequent  early  in  the  season. 

Spartina  michauxiana  Hitchcock:  Cord  grass.  Common  to  abundant  through- 
out the  State  in  marshes,  moist  meadows,  sandy  beaches,  and  sloughs. 

Spartina  gracilis  Trinius:  Inland  cord  grass.  Common  throughout  the  State  on 
sandy  beaches  and  meadows  of  the  saline  lakes;  an  excellent  indicator  of  saline 
soils. 

Beckmannia  erucaeformis  (Linnaeus)  Host:  Slough  grass.  Rather  common 
throughout  the  State  in  fresh-water  marshes  and  sloughs. 

Bouteloua  oligostachya  (Nuttall)  Torrey:  Mesquite  grass.  Seen  only  once  or 
twice  on  dry,  sandy  hillsides  in  the  vicinity  of  lakes;  common  on  the  prairies. 

Munroa  squarrosa  (Nuttall)  Torrey:  False  buffalo  grass.  Very  rare;  reported 
only  from  dry,  sandy  hillsides  near  Lake  Wanitah,  Foster  County. 

Phragmites  communis  Trinius:  Giant  reed  grass.  Common  to  very  abundant 
throughout  the  State  in  marshes,  sloughs,  and  along  the  borders  of  lakes. 

Eragrostis  megastachya  (Koeler)  Link:  Stink  grass.  Rare;  reported  from  sandy 
soil  bordering  Lake  Wanitah,  Foster  County,  and  near  Bismarck,  along  the 
Missouri  River,  Burleigh  County. 

Distichlis  spicata  (Linnaeus)  Greene:  Salt  grass.  Abundant  throughout  the 
State  about  alkali  lakes  and  sloughs. 

Poa  triflora  Gilibert:  Bluegrass.  Rather  common  throughout  the  State  in  low 
places,  moist  meadows,  and  sloughs. 

Poa  buckleyana  Nash:  Spear  grass.  Rare,  reported  only  from  dry  meadows  near 
Holmes  Lake,  McLean  County,  and  Miller  Lake,  Divide  County. 

Fluminea  festucacea  (Willdenow)  Link  ( Scolochloa  festucacea  Willdenow):  White- 
top,  Abundant  throughout  the  State,  growing  in  shallow  water,  marshes,  and 
sloughs. 

Panicularia  nervata  (Willdenow)  Trinius:  Meadow  grass.  Very  rare;  reported 
only  from  a  moist  meadow,  at  Mud  Lake,  Richland  County. 

Panicularia  grandis  Watson:  Reed  meadow  grass.  Locally  common  in  the 
marshes  bordering  the  Turtle  Mountain  lakes;  otherwise  rare,  being  found  at 
two  other  fresh- water  lakes  or  marshes  in  the  State:  Painted  Woods  Lake  and 
Riverside  Marsh  along  the  Missouri  River. 

Puccinellia  nuttalliana  (Nuttall)  Watson  and  Coulter:  Slender  meadow  grass. 
Common  throughout  the  State  on  alkaline  flats  and  meadows. 

Bromus  ciliatus  Linnaeus:  Fringed  bromegrass.  Rare;  reported  from  the  woods 
of  the  Turtle  Mountains,  Bottineau  County  (Dalen  Township,  sections  9-10), 
and  woods  bordering  Riverside  Marsh,  Morton  County. 

Bromus  purgans  Linnaeus:  Hairy  wood  grass.  Rare;  reported  from  the  border- 
ing woods  of  Kiverside  Marsh,  Morton  County,  and  Painted  Woods  Lake, 
McLean  County. 

Bromus  inermis  Leysser:  Common  bromegrass.  Rare;  reported  only  from 
meadow  bordering  Middle  Des  Lacs  Lake,  Ward  County. 

Agropyron  repens  (Linnaeus)  Beauvois:  Quack  grass.  Common  throughout  the 
State  on  dry  hillsides  and  meadows. 

Agropyron  tenerum  Vasey :  Slender  wheatgrass.  Apparently  rare,  at  least  in  the 
vicinity  of  lakes,  being  reported  from  dry  hillsides  near  Buckhouse  Slough, 
Richland  County,  and  Lostwood  Section  9  Lake,  Burke  County. 

Hordeum  jubatum  Linnaeus:  Squirreltail  grass.  Very  abundant  throughout  the 
State  in  meadows,  in  borders  of  marshes,  on  ponds,  and  on  alkali  flats;  a  pest 
in  grazing  lands. 

Elymus  virginicus  Linnaeus,  var.  submuticus  Hooker  (Elymus  curvatus  Piper): 
Short-awncd  wild-rye.  Very  rare;  reported  only  from  woody  border  of  River- 
side Marsh,  Morton  County. 

Elymus  canadensis  Linnaeus:  Nodding  wild-rye.  Common  throughout  the 
State  in  sandy  meadows  and  open  woods:  very  variable,* some  forms  approach- 
ing the  so-called  species  E.  robustus  Scribner  and  J.  G.  Smith. 
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CYPERACEAE:  SEDGES;  NUT-GRASS;  SPIKE  RUSH;  BULRUSH 

Cyperus  diandrus  Torrey:  Low  nut-grass.  Very  rare;  reported  only  from  sandy 
shore  of  Moran  Lake,  Richland  County. 

Cyperus  schweinitzii  Torrey:  Flat-sedge.  Very  rare;  reported  only  from  sandy 
beach  of  Isabel  Lake,  Kidder  County. 

Cyperus  erythrorhizos  Muhlenberg:  Flat-sedge.  Very  rare;  reported  only  from 
sandy  beach  of  Mud  Lake,  Richland  County. 

Eleocharis  palustris  (Linnaeus)  Roemer  and  Schultes:  Bog  rush.  Common 
throughout  the  State,  in  borders  of  marshes  and  moist  meadows;  one  specimen 
from  Rush  Lake,  Cavalier  County,  appeared  to  agree  with  var.  vigens  Bailey. 

Eleocharis  acicularis  (Linnaeus)  Roemer  and  Schultes:  Needle  rush.  Common 
throughout  the  State  on  mud  flats  along  lake  borders. 

Scirpus  americanus  Persoon:  Three-square.  Abundant  throughout  the  State, 
growing  in  the  water  or  in  sandy  meadows  along  the  border  of  lakes. 

Scirpus  nevadensis  Watson:  Nevada  bulrush.  Common  throughout  the  State 
on  sandy  beaches  and  meadows  of  saline  lakes;  an  excellent  indicator  of  saline 
soils. 

Scirpus  occidentalis  (Watson)  Chase:  Bulrush.  Abundant  throughout  the  State 
in  marshes  and  sloughs. 

Scirpus  validus  Vahl:  Soft  bulrush.  Frequent  throughout  the  State  in  marshes 
and  sloughs  but  not  clearly  distinguishable  from  S.  occidentalis;  these  two 
intergrade  so  completely  that  it  is  very  doubtful  whether  S.  occidentalis  should 
be  recognized  as  a  separate  species.  Under  favorable  conditions  when  the 
form  S.  validus  was  found  in  springy  places,  the  soft,  light-green,  thickened  culm 
was  apparent  and  distinguishable  from  the  much  harder,  olive-green  culm  of 
S.  occidentalis,  but  usually  this  character  was  too  variable  to  be  used  for 
diagnosis.  Again,  the  broader  achene  and  longer  spikelet  of  S.  occidentalis 
are  considered  valuable  characters  for  distinguishing  this  form  from  S.  validus, 
but  numerous  measurements  and  comparisons  were  made  in  the  field,  with 
the  result  that  all  normal  or  extreme  variations  of  both  these  characteristics 
were  found  in  the  achenes  of  plants  of  a  single  patch,  all  having  the  hard, 
olive-green  type  of  culm.  The  character  of  the  setae,  whether  flexuous  or 
stiff,  also  was  subject  to  inter  gradation.  In  the  Eastern  States  such  extensive 
variation  has  not  been  observed.  In  North  Dakota,  however,  until  definite 
work  has  been  done  in  growing  these  two  species  under  different  conditions  of 
alkalinity,  it  is  still  a  question  whether  S.  occidentalis  is  a  valid  species.  Present 
evidence  points  to  the  opposite  conclusion. 

Scirpus  fiuviatilis  (Torrey)  Gray:  River  bulrush.  Frequent  throughout  the 
State  in  fresh-water  marshes;  common  in  only  one  or  two  of  the  larger  sloughs. 

Scirpus  paludosus  A.  Nelson:  Bayonet  grass.  Very  abundant  throughout  the 
State,  usually  growing  in  the  water  or  along  the  borders  of  alkaline  lakes  and 
sloughs. 

Scirpus  atrovirens  Muhlenberg:  Green  bulrush.  Rather  rare  to  frequent,  found 
.  in  meadows  and  woody  borders  only  once  in  each  of  the  following  counties: 
Richland,  McLean,  Bottineau,  Stutsman,  Griggs,  and  Rolette. 

Carex  cristata  Schweinitz:  Sedge.  Rare;  reported  from  grassy  borders  of  two 
lakes — Elsie  Lake,  Richland  County,  and  Dion  Lake,  Rolette  County. 

Carex  sychnocephala  Carey:  Sedge.  Rare;  reported  from  grassy  borders  of  Dion 
and  Jarves  Lakes,  Rolette  County. 

Carex  scirpoides  Schkuhr:  Sedge.  Rare;  reported  only  from  boggy  border  of 
Elsie  Lake,  Richland  County. 

Carex  vulpinoidea  Michaux:  Sedge.  Rare;  reported  from  moist  meadows  along 
the  border  of  Moon  Lake,  Barnes  County,  and  Dion  Lake,  Rolette  County. 

Carex  diandra  Schrank,  var.  ramosa  (Boott)  Fernald:  Sedge.  Rather  rare; 
reported  only  from  grassy  borders  of  lakes  once  in  each  of  the  following  counties: 
Richland,  Logan,  McLean,  Ward,  and  Pierce. 

Carex  stipata  Muhlenberg:  Sedge.  Very  rare;  reported  only  from  the  border  of 
Elsie  Lake,  Richland  County. 

Carex  aquatilis  Wahlenberg:  Sedge.  Rather  common  throughout  the  State  in 
fresh-water  marshes  and  sloughs. 

Carex  aurea  Nuttall:  Sedge.  Rare;  reported  only  from  grassy  border  of  Mud 
Lake,  Richland  County. 

Carex  laxiflora  Lamarck:  Sedge.  Rare;  reported  only  from  grassy  border  of 
Elsie  Lake,  Richland  County.  C.  laxiflora  var.  gracillima  Boott  also  was 
found  only  here. 

Carex  lanuginosa  Michaux:  Sedge.  Frequent  throughout  the  southeastern  and 
central  portions  of  the  State  in  fresh-water  marshes  and  sloughs. 
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Carex  trichocarpa  Muhlenberg,  var.  aristata  (R.  Brown)  Bailey:  Sedge.  Rarer 
reported  from  the  fresh-water  marshes  of  Riverside  Marsh,  Morton  County,  and 
Painted  Woods  Lake,  McLean  County. 

Carex  riparia  W.  Curtis:  Sedge.  Frequent  throughout  the  State  in  fresh-water 
marshes  and  sloughs. 

Carex  hystricina  Muhlenberg:  Sedge.  Rare;  reported  from  grassy  meadows  of 
Elsie  and  Mud  Lakes,  Richland  County,  and  Sweetwater  Lake,  Barnes  County. 

Carex  rostrata  Stokes,  var.  utriculata  (Boott)  Bailey:  Sedge.  Frequent  through- 
out the  State  in  fresh-water  marshes, 

Carex  rostrata  Stokes,  var.  ambigens  Fernald:  Sedge.  Rare;  reported  only  from 
marshy  borders  of  Deer  Lake,  Kidder  County. 

LEMNACEAE:  DUCKWEEDS 

Lemna  trisulca  Linnaeus:  Star  duckweed.     Common  throughout  the  State  along 

the  borders  of  fresh-water  sloughs  and  marshes. 
Lemna  minor  Linnaeus:  Small  duckweed.     Common  throughout  the  State  in 

springy  places  and  borders  of  fresh-water  sloughs  and  marshes. 

JUNCACEAE:  RUSHES 

Juncus  bufonius  Linnaeus,  var.  halophilus  Buchenau  and  Fernald:  Toad  rush. 
Frequent  in  moist,  open  ground  throughout  the  south-central  and  southeastern 
counties  of  the  State. 

Juncus  dudleyi  Wiegand:  Rush.  Frequent  throughout  the  State  in  grassy 
meadows  bordering  lakes  and  sloughs. 

Juncus  balticus  Willdenow,  var.  littoralis  Engelmann:  Baltic  rush.  Common 
throughout  the  State  on  sandy  meadows  of  saline  and  strongly  alkaline  lakes. 

Juncus  longistylis  Torrey:  Rush.  Rather  rare;  reported  from  the  grassy  borders- 
of  Upsilon  Lake,  Rolette  County;  Lostwood,  sections  20-29,  Burke  County;  and 
two  or  three  lakes  in  the  vicinity  of  Round  Lake,  McHenry  County. 

Juncus  nodosus  Linnaeus:  Knotted  rush.  Frequent,  but  in  no  case  common^ 
throughout  the  State  in  grassy  meadows  bordering  lakes. 

Juncus  torreyi  Coville:  Torrey 's  rush.  Common  throughout  the  State  in  low 
places,  moist  meadows,  and  borders  of  lakes  and  sloughs. 

Juncus  alpinus  Villars:  Rush.  Rather  rare,  being  found  in  wet,  springy  places 
bordering  lakes;  reported  only  once  from  each  of  the  following  counties:  Rich- 
land, Kidder,  Bottineau,  Burke,  Barnes,  McHenry,  and  Rolette. 

ULIACEAE:  ONION;  SOLOMONSEAL;  ETC. 

Allium  stellatum  Ker:  Prairie  wild  onion.     Frequent  throughout  the  State  in 

moist  meadows  bordering  lakes  and  sloughs. 
Vagnera  stellata  (Linnaeus)   Morong:  Starry  false  solomonseal.     Rare;  a  single 

plant  reported  from  Brush  Lake,  McLean  County. 
Disporum  trachycarpum  (S.  Watson)  Bentham  and  Hooker:  Rough-fruited  dis- 

porum.     Rare;  reported  only  from  woody  border  of  Upsilon  Lake,   Turtle 

Mountains,  Rolette  County. 
Smilax  herbacea  Linnaeus:  Carrion-flower.     Rare;  reported  from  the  borders  of 

Moon  and  St.  Marys  Lakes,  Barnes  County,  and  Spiritwood  and  Jim  Lakes, 

Stutsman  County. 

ORCHIDACEAE:  ORCHIDS;  LADY-SLIPPERS;  LADIES-TRESSES 

Ibidiumromanzoffianum  (Chamisso)  House:  Ladies-tresses.  Rare;  reported  only 
from  springy  border  of  Lake  George,  McHenry  County. 

SALICACEAE:  WILLOWS;  POPLARS 

Salix  amygdaloides  Andersson:  Peachleaf  willow.     Rather  common  throughout 

the  State  along  the  borders  of  the  larger  lakes. 
Salix  serissima  (Bailey)   Fernald:  Autumn  willow.     Rare;  reported  only  from 

Upsilon  Lake,  Rolette  County. 
Salix  interior  Rowlee:  Sand-bar  willow.     Abundant  throughout  the  State  in  low 

places,  moist  meadows,  and  bordering  lakes  and  sloughs. 
Salix  petiolaris  Smith:  Slender  willow.     Rather  rare;  definitely  reported  only 

from  border  of  Camp  Lake,  McLean  County;  Rock  Lake,  Towner  County;  and 

Rush  Lake,  Cavalier  County. 
Salix  cordata  Muhlenberg:  Iteartleaf  willow.     Frequent  along  the  borders  of 

lakes  in  Richland,  Morton,  Barnes,  and  McHenry  Counties. 
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'Salix  discolor  Muhlenberg:  Pussy  willow.  Fairly  common  along  the  border  of 
Elsie  Lake,  Richland  County,  and  throughout  the  Turtle  Mountains  in  Botti- 
neau County;  not  reported  elsewhere. 

Salix  bebbiana  Sargent:  Beak  willow.  Fairly  common  in  woody  border  along 
Lake  George,  McHenry  County,  and  bordering  the  lakes  in  the  Turtle  Moun- 
tains in  Bottineau  County.  Otherwise  reported  only  from  Camp  Lake, 
McLean  County,  and  Lostwood,  sections  28-29,  Burke  County,  in  both  of 
which  places  it  was  rare. 

Salix  prinoides  Pursh:  Glaucous  willow.  Rather  rare;  common  only  in  the  vi- 
cinity of  Red  Willow  Lake,  Griggs  County;  otherwise  reported  from  Rush 
Lake,  Cavalier  County;  Denbigh  Lake,  McHenry  County;  Upsilon  Lake, 
Rolette  County;  and  Sweetwater  Lake,  Ramsey  County. 

Salix  Candida  Fliigge:  Hoary  willow.  Rare;  reported  from  boggy  shores  of  Elsie 
Lake,  Richland  County;  Camp  Lake,  McLean  County;  Coville  Township, 
sections  1-2,  Burke  County. 

Salix  trisiis  Alton:  Dwarf  pussy  willow.  Rare;  reported  only  from  sandy  hills 
near  Lake  George,  McHenry  County. 

Populus  tremuloides  Michaux:  Quaking  aspen.  Frequent  along  streams  and 
shores  of  lakes  throughout  the  southern  part  of  the  State;  abundant,  how- 
ever, near  Devils  Lake,  along  the  Missouri  River,  and  throughout  the  northern 
tier  of  counties,  especially  Rolette  and  Bottineau. 

Populus  tacamahacca  Miller:  Balsam  poplar.  Very  abundant  throughout  the 
Turtle  Mountains  in  Rolette  and  Bottineau  Counties;  common  in  the  vicinity 
of  Pleasant  Lake,  Benson  County,  but  rare  at  Antelope  and  Round  Lake, 
McHenry  County,  and  Red  Willow  Lake,  Griggs  County,  the  latter  being  the 
farthest  south. 

Populus  deltoides  Marshall:  Southern  cottonwood.  Common  throughout  the 
State  along  streams  and  borders  of  lakes  and  ponds. 

BETULACEAE:  HAZELNUTS;  BIRCHES 

Corylus  americana  Walter:  American  hazelnut.     Common  throughout  the  woods 

bordering  lakes  in  the  Turtle  Mountains,   Bottineau  and  Rolette  Counties. 

Elsewhere  it  was  reported  only  from  Red  Willow  Lake,  Griggs  County,  where 

it  was  fairly  common. 
Corylus  rostrata  Alton:  Beaked  hazelnut.     Reported  only  from  the  vicinity  of 

Upsilon  Lake  in  the  Turtle  Mountains,  Rolette  County,  where  it  was  rather 

common. 
Betula  papyrifera  Marshall:  Canoe  birch.     Common  throughout  the  woody  borders 

of  almost  all  the  lakes  in  the  Turtle  Mountains.  Bottineau  and  Rolette  Counties. 

FAGACEAE:  OAKS 

Quercus  macrocarpa  Michaux:  Mossycup  oak.  Common  in  the  vicinity  of 
almost  all  the  large  fresh-water  lakes  throughout  the  State;  abundant  in  the 
Turtle  Mountains. 

URTICACEAE:  ELMS;  HACKBERRY;  NETTLES 

Ulmus  americana  Linnaeus:  American  elm.     Frequent  to  common  throughout 

the  State  in  low  places,  along  streams  and  lake  borders. 
Celtis  occidentalis  Linnaeus:  Hackberry.     Rare;  reported  from  border  of  Elsie 

Lake,  Richland  County,  and  Jim  and  Spiritwood  Lakes,  Stutsman  County. 
Urtica  gracilis  Alton:  Nettle.     Frequent  throughout  the  State;  never  present  in 

large  numbers,  and  usually  found  in  low  ground  or  in  open  woods  bordering 

lakes. 
Urtica    lyallii    Watson:  Nettle.     Apparently    more    common    than    U.  gracilis 

throughout  the  State,  in  about  the  same  situations;  in  some  cases  confusingly 

similar  m  appearance. 

POLYGONACEAE:  DOCKS;  KNOTWEEDS;  SMARTWEEDS 

Rumex  occidentalis  Watson:  Western  dock.     Rather  rare  throughout  the  State; 

observed  only  in  marshy  areas  along  the  borders  of  the  following  lakes:  Coville 

Township,  sections  1-2,  Burke  County;  Spiritwood  Lake,  Stutsman  County; 

Red  Willow  Lake,  Griggs  County;  and  two  or  three  lakes  in  the  vicinity  of 

Girard  Lake,  McHenry  County. 
Rumex   britannica    Linnaeus:  Great   water   dock.     Rare;   reported   only   from 

marshy  ground  bordering  Camp  Lake,  McLean  County. 
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Rumex  mexicanus  Meisner:  Willow-leaf  dock.  Rare;  reported  from  moist 
meadows  bordering  Swan  Lake  Slough,  Richland  County;  at  Sweetwater  Lake; 
Barnes  County;  and  Long  Lake,  Griggs  County. 

Rumex  persicarioides  Linnaeus:  Golden  dock.  Common  throughout  the  State; 
usually  confined  to  alkali  flats. 

Polygonum  aviculare  Linnaeus:  Knotgrass.  Rather  rare;  being  found  on  sandy 
beaches  and  waste  ground,  bordering  Elsie  Lake,  Richland  County;  Minto 
and  Salt  Lakes,  Walsh  County;  and  Sweetwater  and  Devils  Lakes,"^  Ramsey 
County. 

Polygonum  erectum  Linnaeus:  Knotgrass.  Rare;  reported  only  from  waste 
ground  bordering  Florence  Lake,  Burleigh  County. 

Polygonum  ramosissimum  Michaux :  Bushy  knotgrass.  Fairly  common  through- 
out the  State  in  sandy  meadows  and  low  places  bordering  lakes  and  sloughs* 

Polygonum  lapathifolium  Linnaeus:  Pale  smartweed.  Fairly  common  through- 
out the  State  on  sandy  shores  and  flats  bordering  slightly  alkaline  or  fresh-water 
lakes. 

Polygonum  amphibium  Linnaeus:  Water  smartweed.  Rather  rare,  reported, 
with  the  exception  of  Emmons  County,  only  from  one  lake  in  each  of  the 
northern  counties  of  Ward,  Ramsey,  Rolette,  Towner,  and  Burke.  Another 
form  of  this  species  masquerading  under  the  name  P.  hartwrightii  Gray 
was  rare,  reported  only  from  partly  dried-out  mud  flats  of  Frettin  Lake, 
sections  13-14,  Kidder  County,  and  at  Upsilon  Lake,  Rolette  County.  Still 
another  form  of  this  same  species,  known  as  P.  muhlenbergii  (Meisner)  Watson, 
was  common  throughout  the  State,  growing  in  water  and  in  moist  nr  eadows 
bordering  fresh-water  lakes.  These  so-called  species  can  only  be  considered 
forms  of  P.  amphibium.  This  species  is  very  variable,  all  its  forms  intergrading, 
depending  upon  ecological  conditions.  Poole's  statement  (8,  p.  287)  that — 
"The  development  of  the  hydro-mesophytic  mode  of  life  by" these  species  is  a 
fact  of  everyday  observation.  In  the  marshy  areas  of  the  sandhills  one  can 
trace  a  perfect  series  of  changes  from  the  typical  form  called  P.  amphibium 
through  P.  hartwrightii  and  finally  to  P.  emersum.  The  first  two  forms, 
though  often  very  different  appearing  plants,  may  commonly  be  collected  from 
the  same  rhizome.  The  latter  *  species '  is  almost  as  variable  and  it  seems  a 
plain  case  that  these  three  '  species '  are  merely  extreme  variations  that  may  be 
found  arising  from  same  rootstock" — which  was  verified  by  the  author  in  North 
Dakota — shows  clearly  that  the  continued  treatment  of  these  forms  as  species  is 
a  mistake. 

Polygonum  persicarla  Linnaeus:  Lady's-thumb.  Rare  throughout  the  State, 
being  reported  only  from  sandy  meadows  bordering  Swan  Lake  Slough,  Rich- 
land County,  and  Long  Lake,  Griggs  County. 

Polygonum  convolvulus  Linnaeus:  Black  bindweed.  Rare;  reported  only  from 
sandy  shores  of  Crooked  Lake,  McLean  County. 

CHENOPODIACEAE:   GOOSEFOOT;    PIGWEED;   ORACH;   SAMPHIRE;  SEA  BUTE;  ETC. 

Cycloloma  atripllcifolium   (Sprengel)    Coulter:  Winged  pigweed.     Rare;   found 

only  in  sandy  waste  ground  along  the  Missouri  River,  near  Bismarck,  Burleigh 

County. 
Chenopodlum    rubrum    Linnaeus:  Coast    blite;    red    goosefoot.     Common    to 

abundant  throughout  the  State  on  alkali  flats.     On  the  shores  of  Middle  Des 

Lacs  Lake  were  a  few  plants  that  were  clearly  C.  humile  Hooker,  but  along  with 

these  were  a  number  of  forms  that  represent  intermediate  steps  between  the 

two  species,  showing  that  C.  humile  was  probably  only  a  form  growing  under 

unfavorable  food  conditions. 
Chenopodlum    glaucum    Linnaeus:  Oak-leaf    goosefoot.     Common    throughout 

the  State  on  sandy  flats  and  meadows  of  alkaline  or  saline  lakes.     Apparently 

native  and  not  naturalized  from  Europe. 
Chenopodlum  album  Linnaeus:  Lamb's-quarters.     Frequent  in  waste  ground 

bordering  lakes  and  sloughs  throughout  the  State. 
Chenopodlum    leptophyllum    Nuttall:  Narrow-leaf    goosefoot.     Rare;    reported 

only  from  border  of  Salt  Lakes,  Ward  County. 
Atriplex    patula    Linnaeus,   var.    hastata    (Linnaeus)    Gray:  Orach.     Common 

throughout  the  State  on  alkali  flats.     The  typical  form,  A.  patula,  apparently  was 

also  present  but  only  occasional. 
Atriplex    argentea    Nuttall:  Silvery    orach.     Rare;    reported   from    alkali    flats 

bordering  Myers  Slough,  Dunn  County,  and  Falkirk  Lake,  McLean  County. 
Atriplex  nuttallii  S.  Watson:  Saltbush.     Rather  rare:  reported  from  dry,  barren 

hillsides  in  the  vicinity  of  the  following  lakes:  Douglass  and  Mud  Lakes, 
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McLean  County;  Shealy  Township,  Sections  34-35  Lake,  Ward  County;  Beau» 
vert  and  Keller  Lakes,  Burke  County. 

Salicornia  rubra  Nelson:  Samphire.  Fairly  common  throughout  the  State  on 
strongly  alkaline  or  saline  flats  bordering  lakes  and  sloughs,  being  more  abun- 
dant on  the  latter. 

Dondia  depressa  (Pursh)  Britton:  Sea  blite.  Common  throughout  the  State 
on  dried  alkali  flats  and  meadows.  There  were  two  distinct  forms  of  this 
plant  (p.  17)  probably  correlated  with  moisture  content  and  degree  of  concen- 
tration of  salts  in  the  upper  strata  of  soil.  One  was  a  low-spreading  or  pros- 
trate depauperate  form,  the  other  high  and  erect,  with  an  elongate  inflorescence 
(possibly  Suaeda  depressa  var.  erecta  S.  Watson). 

Dondia  sp.:  Sea  blite.  Rare;  reported  only  from  the  alkaline-saline  flats  of 
Holmes  Lake,  McLean  County,  and  Minto  Lake,  Walsh  County. 

Salsola  kali  Linnaeus:  Common  saltwort.  Frequent  throughout  the  State  on 
sandy  flats  and  shores  of  lakes  and  sloughs. 

AMARANTHACEAE:  AMARANTH  PIGWEED 

Amaranthus  graecizans    Linnaeus:  Tumble  weed.     Rather  rare;    reported  from 

waste  places  and  sandy  shores  of  the  following  lakes:  Mud,  Richland  County; 

Sibley,  Kidder  County;  and  Crooked,  Falkirk,  and  Margaret,  McLean  County. 
Amaranthus  blitoides  Watson:  Prostrate  amaranth.     Rare;  reported  from  the 

sandy  shores  of  Mud  Lake,  Richland  County,  and  King  Slough,  Burleigh 

County. 

N  YCT  AGIN  ACE  AE:  FOUR-O'CLOCKS 

Oxybaphus  nyctagineus  (Michaux)  Sweet:  Four-o'clock.  Rare;  reported  from 
border  of  Cherry  Lake,  Kidder  County;  and  Crooked  Lake,  McLean  County, 

CARYOPHYLLACEAE:  PINKS;  SAND  SPURRY;  ETC. 

Tissa  marina  (Linnaeus)  Britton:  Sand  spurry.  Rather  rare;  being  reported 
from  alkaline-saline  flats  bordering  Cushion  Slough,  Burke  County;  Eckelson 
and  Moon  Lakes,  Barnes  County;  Addie  Lake,  Griggs  County;  Stump  Lake, 
Nelson  County;  Kellys  Slough,  Grand  Forks  County;  and  Minto  and  Salt 
Lakes,  Walsh  County. 

PORTULACEACEAE:  PURSLANE 

Portulaca  oleracea  Linnaeus:  Common  purslane.  Rare;  reported  from  sandy 
shores  and  waste  ground  bordering  Swan  Lake,  Richland  County,  and  Lake 
Wanitah,  Foster  County. 

CERATOPHYLLACEAE:  COONTAIL 

Ceratophyllum  demersum  Linnaeus:  Coontail.  Fairly  common  throughout 
the  State  in  fresh-water  sloughs  and  lakes. 

NYMPHAEACEAE:  WATERLIUES 

Nymphaea  ad  vena  Alton:  Yellow  waterlily.  Found  only  in  the  Turtle  Moun- 
tains; reported  twice  from  Rolette  County  (Gravel  and  Crowell  Lakes),  and 
abundant  throughout  the  lakes  in  Bottineau  County. 

RANUNCULACEAE:  BUTTERCUPS;  ANEMONES 

Ranunculus  aquatilis  Linnaeus,  var.  capillaceus  De  Candolle:  Common  white 

water  buttercup.     Frequent  throughout  the  State  on  dried-out  mud  flats  and 

in  shallow  water  of  fresh-water  sloughs  and  lakes. 
Ranunculus  cymbalaria  Pursh:  Seaside  buttercup.     Common  throughout  the 

State  in  moist  meadows  and  on  alkaline-saline  flats  bordering  lakes  and  sloughs. 
Ranunculus  purshii   Richardson:  Buttercup.     Rather  rare;  growing  in  shallow 

water  or  on  mud  flats  of  the  following  lakes:  Red  Willow  Lake,  Griggs  County; 

TJpsilon  Lake,  Rolette  County;  Sweetwater  Lake,  Ramsey  County;  and  George^ 

Riga,  and  Denbigh  Lakes,  McHenry  County. 
Ranunculus  sceleratus  Linnaeus:  Cursed  buttercup.     Frequent  throughout  the 

State  on  mud  flats  of  fresh-water  lakes. 
Thalictrum  dasycarpum  Fischer  and  Ave-Lallemant:  Purple  meadowrue.     Rare; 

reported  only  from  woody  border  of  Mud  Lake,  Richland  County;  Crooke(l 

Lake,  McLean  County;  and  Jim  Lake,  Stutsman  County. 
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Anemone  canadensis  Linnaeus:  Meadow  anemone.  Rather  rare;  reported  only 
from  grassy  meadows  bordering  Mud  Lake,  Richland  County;  Eckelson  and 
Sweetwater  Lakes,  Barnes  County;  Hester  Lake,  McHenry  County;  and 
Upsilon  Lake,  Rolette  County. 

Clematis  virginiana  Linnaeus:  Virgins-bower.  Rare;  found  in  woods  bordering 
Painted  Woods  Lake,  McLean  County;  and  Riverside  Marsh,  Morton  County; 
both  situated  along  the  Missouri  River, 

Actaea  rubra  (Alton)  Willdenow  forma  neglecta  (Gillman)  Robinson:  Red  bane- 
berry.  Rare;  reported  only  from  woody  border  of  Upsilon  Lake,  Rolette 
County,  in  the  Turtle  Mountains. 

CRUCIFERAE:  MUSTARDS;  PEPPERGRASS;  WATERCRESS 

Thlaspi   arvense  Linnaeus:  Penny-cress.     Rare;  reported  only  from  the  sandy 

border  of  Rush  Lake,  Cavalier  County. 
Lepidium  apetalum  Willdenow:  Peppergrass.    Rare;  reported  from  waste  places 

and  sandy  borders,  of  Swan  Lake,  Richland  County,  and  Round  Lake,  McHenry 

County. 
Brassica  juncea  (Linnaeus)   Cosson:  Mustard.     Rare;  reported  from  meadows 

bordering  Waterloo  Lake,  Ward  County;  and  Brush  Lake,  McHenry  County. 
Norta  altissima  (Linnaeus)  Britton:  Tumblemustard.    Frequent  throughout  the 

State  in  waste  places  bordering  lakes  and  sloughs. 
Radicula  palustris   (Linnaeus)    Moench:   Watercress.     Rare;  found  in  marshy 

ground  along  the  borders  of  Swan  Lake  Slough,  Richland  County;  Hiddenwood 

Lake,  McLean  County;  and  Arrowood  Lake,  Stutsman  County. 
Stanleya  pinnata  (Pursh)  Britton:  Mustard.     Rather  rare;  reported  from  sandy 

meadows  bordering  Jim  Lake,  Stutsman  County;  Jessie  Lake,  Griggs  County; 

and  Round,  Brush,  Doctor,  Hester,  and  Girard  Lakes,  McHenry  County. 
Thelypodium  integrifolium  (Nuttall)  Endlicher:  Mustard.     Rare;  reported  from 

alkaline  meadows  of  Big  Alkali  and  Sink  Lakes,  Kidder  County. 

CAPP  ARID  ACE  AE:  CLAMMY-WEED;  STINKING-CLOVER 

Polanisia  trachysperma  Torrey  and  Gray:  Clammy-weed.  Rather  rare;  reported 
from  sandy  beaches  of  Isabel  and  Williams  Lakes,  Kidder  County;  Turtle  Lake, 
McLean  County;  Round,  McHenry,  and  Wanitah  Lakes,  Foster  County. 

Cleome  serrulata  Pursh:  Stinking-clover.  Frequent  in  grassy  meadows  bordering 
lakes  in  McLean,  McHenry,  and  Kidder  Counties. 

SAXIFRAGACEAE:  SAXIFRAGE;  PARNASSIA;  GOOSEBERRY 

Parnassia  palustris  Linnaeus:  Parnassia.  Probably  frequent  throughout  the 
State;  reported  from  moist  meadows  bordering  three  or  four  lakes  in  the 
following  counties:   Richland,  Kidder,  Barnes,  Griggs,  McHenry,  and  Rolette. 

Ribes  americanum  Miller:  American  black  currant.  Fairly  common  throughout 
the  State  along  the  borders  of  lakes,  and  especially  common  in  open  woods. 

Ribes  missouriense  Nuttall:  Missouri  gooseberry.  Rare;  found  only  in  open 
woods  of  Brush  Lake,  McLean  County. 

ROSACEAE:  ROSES;  SHADBLOW;  HAWTHORN;  CINQUEFOILS;  BRAMBLES;  CHERRIES 

Amelanchier  florida  Lindley:  Shadblow.  Fairly  common  throughout  the  State 
on  wooded  slopes  in  vicinity  of  lakes  and  sloughs;  very  common  along  the 
Missouri  River  and  in  the  northern  counties. 

Crataegus  chrysocarpa  Ashe:  Hawthorn.  Fairly  common  throughout  the  State 
on  wooded  slopes  in  the  vicinity  of  lakes  and  sloughs. 

Crataegus  succulenta  Schrader:  Fleshy  hawthorn.  Rather  rare;  reported  from 
woody  slopes  in  the  vicinity  of  Red  Willow  Lake,  Griggs  County;  Brush  Lake, 
McHenry  County;  and  Sweetwater  Lake,  Ramsey  County. 

Potentiila  paradoxa  Nuttall:  Bushy  cinqucfoil.  Frequent  throughout  the  State 
on  sandy  beaches  and  flats  of  fresh-water  lakes. 

Potentiila  anserina  Linnaeus:  Silverweed.  Common  throughout  the  State  in 
sandy  meadows  and  beaches  of  lakes  and  sloughs. 

Potentiila  bipinnatifida  Douglas:  Prairie  cinquefoil.  Rare;  reported  only  from 
edge  of  prairie  bordering  Isabel  Lake,  Kidder  County. 

Geum  strictum  Alton:  Avens.  Rare;  reported  only  from  grassy  meadow  border- 
ing Sweetwater  Lake,  Barnes  County. 

Rubus  strigosus  Michaux:  Common  red  raspberry.  Rare;  found  along  the 
border  of  Spiritwood  and  Jim  Lakes,  Stutsman  County,  and  Sweetwater  Lake, 
Barnes  County. 
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Agrimonia  gryposepala  Wallroth:  Agrimony.  Rare;  reported  only  from  grassy 
border  of  Mud  Lake,  Richland  County. 

Rosa  blanda  Alton:  Meadow  rose.  Found  only  in  Bottineau  County,  Turtle 
Mountains,  where  it  was  frequent. 

Rosa  woodsii  Lindley:  Woods's  rose.  Abundant  throughout  the  State  on  barren 
hillsides  and  wooded  slopes  in  the  vicinity  of  lakes  and  sloughs. 

Prunus  virginiana  Linnaeus:  Chokecherry.  Abundant  throughout  the  State 
on  open  and  wooded  slopes  in  the  vicinity  of  lakes  and  sloughs. 

Prunus  pennsylvanica  Linnaeus  filius.  Pin  cherry.  Frequent  throughout  Bot- 
tineau County,  Turtle  Mountains;  not  reported  elsewhere. 

Prunus  americana  Marshall:  American  plum.  Rare;  reported  only  from  wood- 
land border  of  Red  Willow  Lake,  Griggs  County. 

Prunus  besseyi  Bailey:  Bessey  cherry.  Rare;  reported  from  only  one  locality, 
a  dry  hillside  along  the  Missouri  River  in  Emmons  County. 

LEGUMINOSAE:  CLOVERS;  FALSE  INDIGO;  MILKVETCH 

Trifolium  pratense  Linnaeus:  Red  clover.  Rather  rare;  seen  only  in  the  vicinity 
of  Elsie,  Mud,  and  Swan  Lakes,  Richland  County. 

Melilotus  alba  Desrousseaux:  White  sweetclover.  Rare;  reported  only  from 
grassy  meadow  bordering  Spiritwood  Lake,  Stutsman  County. 

Lotus  americanus  (Nuttall)  Bischoff:  Birdsfoot  trefoil.  Frequent  throughout 
the  State;  confined  mostly  to  sandy  grassy  meadows  bordering  lakes;  abundant 
in  some  localities. 

Psoralea  argophylla  Pursh:  Scurf -pea.  Frequent  throughout  the  State  in  sandy 
meadows  bordering  lakes  and  sloughs;  common  on  the  prairie. 

Amorpha  canescens  Pursh:  Leadplant.  Rather  rare;  reported  from  dry  hill- 
side slopes  bordering  Buckhouse  Slough  and  Elsie  Lake,  Richland  County; 
Buffalo  Lake  and  salt-alkaline  lakes,  Kidder  County;  Long  Lake,  Griggs 
County;  and  McDonough  Lake,  McHenry  County. 

Amorpha  fruticosa  Linnaeus:  Indigobush.  Rare;  reported  from  dry  hillsides 
bordering  Sweetwater  Lake,  Barnes  County;  Jim  Lake,  Stutsman  County; 
and  Lake  Wanitah,  Foster  County. 

Parosela  dalea  (Linnaeus)  Britton.  Rare;  reported  from  grassy  borders  of  Mud 
Lake,  Richland  County;  Deer  Lake,  Kidder  County;  and  Hobart  Lake,  Barnes 
County. 

Petalostemum  purpureum  (Ventenat)  Rydberg:  Prairieclover.  Frequent  through- 
out the  State  in  moist  meadows  bordering  lakes  and  sloughs. 

Petalostemum  candidum  Michaux:  White  prairieclover.  Rare;  reported  only 
from  meadows  bordering  Buckhouse  and  Gooleys  Sloughs,  Richland  County. 

Astragalus  canadensis  Linnaeus:  Milkvetch.  Rather  rare;  reported  from  grassy 
meadows  bordering  Mud  Lake,  Richland  County;  Eckelson  Lake,  Barnes 
County;  Long  Lake,  Griggs  County;  Upsilon  Lake,  Rolette  County;  and 
Girard  and  McDonough  Lakes,  McHenry  County. 

Glycyrrhiza  lepldota  (Nuttall)  Pursh:  Licorice.  Frequent  throughout  the  State 
in  meadows  and  slopes  bordering  lakes  and  sloughs. 

Meibomia  canadensis  (Linnaeus)  Kuntze:  Hoary  tickclover.  Rare;  reported 
from  meadows  and  hillsides  bordering  Mud  Lake,  Richland  County;  Sweet- 
water Lake,  Barnes  County;  and  Upsilon  Lake,  Rolette  County. 

Falcata  pitcher!  (Torrey  and  Gray)  Kuntze:  Hog  peanut.  Rare;  reported  only 
from  meadow  of  Mud  Lake,  Richland  County. 

LINACEAE:  FLAX 

Linum  lewisii  Pursh:  Prairie  flax.  Rare;  reported  only  from  hillside  bordering 
Anna  Township,  Sections  17-20  Lake,  Ward  County. 

EUPHORBIACEAE:  SPURGES 

Euphorbia  serpyllifolia  Persoon:  Spurge.  Rather  rare;  found  on  sandy  beaches 
of  Mud  and  Swan  Lakes,  Richland  County;  Williams  and  Cherry  Lakes, 
Kidder  County;  and  Crooked  Lake,  McLean  County. 

ANACARDIACEAE:  POISON  IVY;  ETC. 

Rhus  rydbergii  Small:  Small  poison  ivy.  Frequent  throughout  the  State  in 
moist  meadows  and  on  wooded  slopes  bordering  lakes. 
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CELASTRACEAE:  BITTERSWEET;  ETC. 

Celastrus  scandens  Linnaeus:  American  bittersweet.  Fairly  common  in  Botti- 
neau County,  Turtle  Mountains,  twining  upon  shrubs  near  the  lakes;  not 
reported  elsewhere  in  the  vicinity  of  lakes. 

ACERACEAE: MAPLES 

Acer  negundo  Linnaeus:  Boxelder.  Fairly  common  throughout  the  State  on 
wooded  slopes  in  the  vicinity  of  the  larger  lakes;  very  common  in  the  Turtle 
Mountains. 

BALSAMINACEAE:  TOUCH-ME-NOT;  SNAPWEED 

Impatiens  biflora  Walter:  Spotted  snap  weed.  Rare;  reported  only  from  wooded 
slopes  bordering  Red  Willow  Lake,  Uriggs  County;  and  Upsilon  Lake,  Rolette 
County. 

VITACEAE:  WOODBINE;  GRAPE 

Parthenocissus  quinquefolia  (Linnaeus)  Planchon:    Virginia  creeper.     Frequent 

on  wooded  slopes  of  fresh-water  lakes  in  Barnes,  Stutsman,  and  Foster  Counties; 

also  reported  from  Girard  Lake,  McHenry  County. 
Vitis  vulpina  Linnaeus:    Riverbank  grape.     Rare;  found  in  woods  bordering 

Elsie  Lake,  Richland  County;  Riverside  Marsh,  Morton  County;  and  Painted 

Woods  Lake,  McLean  County. 

TIUACEAE:  UNDEN;  BASS  WOOD 

Tilia  americana  Linnaeus:  American  linden.  Rather  rare;  reported  from  Moran 
Lake,  Richland  County;  Girard  Lake,  McHenry  County;  and  Red  Willow 
Lake,  Griggs  County. 

VIOLACEAE:  VIOLETS 

Viola  papilionacea  Pursh:  Butterfly  violet.  Rare;  reported  only  from  grassy 
border  of  Waterloo-Roaches  Lakes,  Ward  County. 

CACTACEAE:  CACTUS;  PRICKLYPEAR 

Coryphantha  vivipara  (Nuttall)  Britton  and  Rose:  Purple  cactus.  Rare;  re- 
ported only  from  sandy  hills  near  Lake  George,  McHenry  County. 

Opuntia  polyacantha  Ha  worth:  Prickly  pear.  Rare;  reported  only  from  dry 
hillsides  along  the  Missouri  River,  near  Bismarck,  Burleigh  County. 

Opuntia  fragilis  (Nuttall)  Haworth:  Pricklypear.  Rare;  found  only  on  sandy 
hills  near  Lake  George,  McHenry  County. 

ELAEAGNACEAE:  BUFFALOBERRY;  SILVERBERRY 

Elaeagnus  commutata  Bernhardi:  Silverberry.  Common  to  abundant  through- 
out the  State  on  dry  slopes  and  hillsides  in  the  vicinity  of  lakes  and  elsewhere. 

Lepargyrea  canadensis  (Linnaeus)  Greene:  Russet  buffaloberry.  Fairly  com- 
mon in  the  vicinity  of  lakes  of  Bottineau  County,  in  the  Turtle  Mountains; 
otherwise  reported  only  from  Mulberry  Lake,  Kidder  County,  where  it  was 
rare. 

Lepargyrea  argentea  (Pursh)  Greene:  Silver  buffaloberry.  Rather  rare;  reported 
from  borders  of  Antelope  Lake,  McHenry  County;  Hidden  wood  Lake,  McLean 
County;  and  the  following  river  lakes:  John  Wilde,  Emmons  County;  and 
Painted  Woods,  McLean  County. 

ONAGRACEAE:  EVENING-PRIMOSE;  WILLOW-WEED 

Epilobium  angustifolium  Linnaeus:  Fireweed.     Rare;  reported  in  the  vicinity  of 

two  or  three  lakes  in  Cordelia,   Homen,  and  Dalen  Townships,   Bottineau 

County,  in  the  Turtle  Mountains. 
Epilobium  densum   Rafinesque-Schmaltz :  Willow- weed.     Rare;  reported  from 

moist  meadows  along  the  border  of  Williams  Lake,  McLean  County;  and 

Smoky  Lake,  McHenry  County. 
Epilobium  adenocaulon  Haussknecht:  Willow-weed.     Frequent  throughout  the 

State  in  springy  places  and  moist  meadows  bordering  lakes  and  sloughs. 
Oenothera  biennis  Linnaeus:  Common  evening-primrose.     Rare;  reported  only 

from  Goolcys  Slough,  Ricliland  County.    Another  form  approaching  0.  mun'cnta 

var.  cancscens  was  reported  from  Crooked  Lake,  McLean  County;  and  McDon- 

ough  Lake,  McHenry  County. 


WILD-DUCK  FOODS  OF  NORTH  DAKOTA  LAKES        59 

Oenothera    serrulata    Nuttall:  Evening-primrose.     Rare;    reported    only    from 

vicinity  of  Elsie  Lake,  Richland  County. 
Gaura  coccinea  Pursh:  Scarlet  gaura.     Rare;  reported  only  from  the  vicinity  of 

Elsie  Lake,  Richland  County;  frequent  on  the  prairie. 

HALORAGIDACEAE:  WATER  MILFOIL;  MARE'S-TAIL 

Myriophyllum  spicatum  Linnaeus:  Water  milfoil.  Abundant  throughout  the 
State  in  shallow,  slightly  alkaline  lakes. 

Hippuris  vulgaris  Linnaeus:  Mare's-tail.  Frequent  throughout  the  State,  occur- 
ring in  small  patches  in  shallow  water  or  on  mud  flats  of  fresh-water  lakes; 
never  common. 

ARALIACEAE:  SARSAPARILLA;  GINSENG 

Aralia  nudicaulis  Linnaeus:  Wild-sarsaparilla.  Rare;  reported  only  from  woody 
borders  of  Upsilon  Lake,  Bottineau  County,  in  the  Turtle  Mountains. 

UMBELLIFERAE:  PARSLEY;  WATERHEMLOCK;  WATER  PARSNIP;  ETC. 

Cicuta  maculata  Linnaeus:  Spotted  waterhemlock.  Frequent  throughout  the 
State  in  marshy  meadows  on  the  edge  of  fresh-water  or  slightly  alkaline-saline 
lakes;  only  a  few  plants  in  a  place. 

Cicuta  bulbifera  Linnaeus:  Waterhemlock.  Rare;  reported  only  from  the 
marshy,  boggy  border  of  Camp  Lake,  McLean  County. 

Sium  suave  Walter:  Water  parsnip.  Frequent  throughout  the  central  and  west- 
ern parts  of  the  State  in  marshy  ground  bordering  lakes  and  sloughs;  otherwise 
reported  only  from  Richland  County. 

Zizia  aurea  (Linnaeus)  Koch:  Golden  Alexanders.  Rare;  found  only  in  marshy 
meadows  of  Mud  and  Round  Lakes,  Richland  County. 

Zizia  cordata  (Walter)  De  Candolle:  Golden  Alexanders.  Rare;  found  only  in 
marshy  meadows  of  Sink  Lake,  Kidder  County. 

CORNACEAE:  DOGWOODS 

Cornus  canadensis  Linnaeus:    Bunchberry.     Rare;   reported  only  from  woods 

bordering  Metigoshe  Lake,  Bottineau  County,  in  the  Turtle  Mountains. 
Cornus  amomum  Miller:  Silky  dogwood.     Rather  rare;  reported  from  the  wooded 

border  of  Strawberry  Lake,  McLean  County;  and  Riverside  Marsh,  Morton 

County. 
Cornus   stolonifera   Michaux:    Red-osier   dogwood.     Frequent  throughout   the 

State  on  wooded  slopes  in  vicinity  of  the  larger  lakes;   very  common  in  the 

Turtle  Mountains. 

ERICACEAE:  PYROLA;  BEARBERRY;  ETC. 

Pyrola  secunda  Linnaeus:   Sidebells  pyrola.     Rare;   reported  only  from  woods 

bordering  lakes  in  Dalen  Township,  Bottineau  County,  in  the  Turtle  Mountains. 
Pyrola  asarifolia  Michaux:  Pyrola.     Rare;  reported  from  woods  bordering  lakes 

in  Dalen,  Homen,  and  Roland  Townships,  Bottineau  County,  in  the  Turtle 

Mountains. 
Arctostaphylos  uva-ursi  (Linnaeus)  Sprengel:  Bearberry.     Rare;  found  only  on 

sandy  hillsides  near  Lake  George,  McHenry  County. 

PRIMULACEAE:  PRIMROSES;  SEA  MILKWORT 

Steironema  ciliatum  (Linnaeus)  Rafinesque-Schmaltz :  Fringed  loosestrife.  Rare; 
reported  only  from  marshy  meadows  along  the  Missouri  River  south  of  River- 
side Marsh  near  Rice  Creek,  Morton  County. 

Glaux  maritima  Linnaeus:  Sea  milkwort.  Rare;  reported  from  saline  meadows 
and  flats  of  Miller  and  North  Lakes,  Divide  County;  Riga  Lake,  McHenry 
County;  and  Salt  Lake,  Walsh  County. 

OLEACEAE:  ASHES 

Fraxinus  lanceolata  Borkhausen:  Green  ash.  Fairly  common  throughout  the 
State  on  wooded  slopes  and  borders  of  lakes  and  streams;  very  common  in 
the  Turtle  Mountains. 


60         TECHNICAL  BCJLLETIN   221,   U.  S.  DEPT.   OF  AGRICULTURE 


GENTIANACEAE:  GENTIANS 


Gentiana  amarella  Linnaeus,  var.  acuta  (Michaux)  Herder:  Grentian.  Rare^* 
reported  from  grassy  meadow  along  the  border  of  Gravel  Lake,  Rolette  County; 
and  at  Johnson  Lake,  Divide  County. 


APOCYNACEAE:  HEMP  DOGBANE 

Apocynum  cannabinum  Linnaeus,  var.  hypericifolium  (Aiton)  Gray:  Hemp  dog- 
bane. Frequent  throughout  the  State  in  grassy  meadows  and  on  hillsides 
bordering  lakes  and  sloughs. 

ASCLEPIADACEAE:  MILKWEEDS 

Asclepias  incarnata  Linnaeus:  Swamp  milkweed.     Rare;  reported  from  marshy 

meadows  of  Mud  and  Moran  Lakes,  Richland  County;   and  Isabel  Slough, 

Kidder  County. 
Asclepias  speciosa   Torrey:    Showy   milkweed.     Common  in   grassy   meadows 

bordering  Big  Alkali,  Isabel,  and  Sink  Lakes,   Kidder   County;  not  reported 

elsewhere. 
Asclepias    syriaca    Linnaeus:    Common    milkweed.     Frequent   throughout  the 

State  in  moist  meadows  in  the  vicinity  of  lakes  and  sloughs. 
Asclepias   verticillata  Linnaeus:    Whorled   milkweed.     Rare;    found  in   grassy 

meadows  along  the  border  of  Robinson  Lake,  Emmons  County,  and  Addie 

Lake,  Griggs  County. 
Acerates  viridiflora  Eliott:  Green  milkweed.     Rare;  found  only  in  meadow  along 

the  border  of  Robinson  Lake,  Emmons  County.     A.  viridiflora  var.  linearis 

Gray  also  found  in  small  quantities  near  this  lake. 

CONVOLVULACEAE:  MORNING-GLORY;  BINDWEED;  DODDER 

Convolvulus  sepium  Linnaeus:  Hedge  bindweed.  Rather  rare;  reported  from 
grassy  meadows  and  hillside  slopes  of  Mud  Lake,  Richland  County;  Rock 
Lake,  Towner  County;  and  the  three  Jim  River  Lakes,  Stutsman  County. 

Cuscuta  cephalanthi  Engelmann:  Dodder.  Rare;  reported  growing  on  herbs  and 
shrubs  along  the  border  of  Arrowood  Lake,  Stutsman  County. 

BORAGINACEAE:  BORAGE;  HEUOTROPE;  FALSE  GROMWELL 

Heliotropium  curassavicum  Linnaeus:  Seaside  heliotrope.     Frequent  on  alkali  or 

mud  fiats  along  the  borders  of  lakes  in  Logan,  Kidder,  Burleigh,  Dunn,  and 

McLean  Counties. 
Lappula  echinata  Gilibert:  Beggar-lice.     Rare;  reported  only  from  sandy,  waste 

ground  along  the  border  of  Waterloo-Roaches  Lakes,  Ward  County. 
Onosmodium  occidentale   Mackenzie:    False  gromwell.     Rare;    reported  from 

barren  hillsides  bordering  Crooked  Lake,  McLean  County;  and  Moon,  Hobart, 

Eckelson,  and  Sweetwater  Lakes,  Barnes  County. 

VERBENACEAE: VERVAIN 

Verbena  urticaefolia  Linnaeus:  White  vervain.  Uncommon;  reported  from 
grassy  meadow  and  open  woods  along  the  borders  of  Mud,  Gooleys,  and  Moran 
Lakes,  Richland  County;  Moon  Lake,  Barnes  County;  and  Jim  Lake,  Stuts- 
man County. 

Verbena  hastata  Linnaeus:  Blue  vervain.  Frequent  throughout  the  State  in 
grassy  meadows  and  open  woods  bordering  lakes  and  sloughs. 

Verbena  bracteosa  Michaux:  Vervain.  Rare;  found  on  waste  ground  in  the 
vicinity  of  John  Wilde  Lake,  Emmons  County,  and  along  the  Missouri  River 
near  Bismarck,  Burleigh  County. 

LABIATAE:  MINTS;  GERMANDER;  SKULLCAP;  BUGLEWEED 

Teucrium  occidentale  Gray:  Germander.  Frequent  throughout  the  State  in 
marshy  ground  along  the  borders  of  lakes  and  sloughs. 

Scutellaria  galericulata  Linnaeus:  Skullcap.  Rare;  reported  from  springy  bor- 
ders of  Hobart  Lake,  Barnes  County;  and  Red  Willow  Lake,  Griggs  County. 

Dracocephalum  nuttallii  Britton:  False-dragon  head.  Rare;  found  onlv  on 
sandy  alluvial  bottoms  along  the  Missouri  River,  south  of  Riverside  Marsh, 
Morton  County. 

Monarda  fistulosa  Linnaeus:  Wildbergamot.  Rare;  found  in  grassy  meadows 
and  open  woods  along  the  border  of  Lake  Wanitah,  Foster  County;  and  Spirit- 
wood,  Jim,  and  Arrowood  Lakes,  Stutsman  County. 
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Lycopus  lucidulus  Turczaninow,  var.  americanus  Gray:  Bugleweed.  Frequent  on 
moist  meadows,  mud  and  alkali  flats,  and  low  places  bordering  lakes  and 
sloughs  in  Richland,  McLean,  Barnes,  and  Stutsman  Counties;  reported  also 
from  Metigoshe  Lake,  Bottineau  County,  in  the  Turtle  Mountains. 

Lycopus  americanus  Muhlenberg:  Bugleweed.  Frequent  throughout  the  State 
in  about  the  same  situations  as  the  preceding  species. 

Mentha  arvensis  Linnaeus,  var.  canadensis  (Linnaeus)  Briquet:  Field  mint. 
Fairly  common  throughout  the  State  along  sandy  shores,  alkali  flats,  and 
moist  meadows  of  fresh-water  or  slightly  alkaline  lakes. 

SOLANACEAE:  NIGHTSHADE;  GROUNDCHERRY 

Solanum  nigrum  Linnaeus:   Black  nightshade.    Rare;  reported  only  from  sandy 

shores  of  Jim  Lake,  Stutsman  County. 
Physalis  lanceolata  Michaux:    Groundcherry.     Rare;   reported  only  from  waste 

places  along  the  Missouri  River,  near  Bismarck,  Burleigh  County. 

SCROPHULARIACEAE:  FIGWORT;  GERARDIA;  LOUSEWORT 

Agalinis  tenuifolia   (Vahl)    Rafinesque-Schmaltz :    Slender  gerardia.     Frequent 

in    moist    sandy  meadows  along  the  border  of  lakes  in   Kidder,    McLean, 

Barnes,  Griggs,  and  McHenry  Counties. 
Orthocarpus  luteus  Nuttall.     Rare;    reported  from  grassy  meadow  along  the 

border  of  Anna  Township,  Sections  8-9  Lake,  Ward  County,  and  at  Eckelson 

Lake,  Barnes  County. 
Pedicularis  lanceolata   Michaux:    Swamp  woodbetony.     Rare;    reported  only 

from  meadow  along  the  border  of  Elsie  Lake,  Richland  County. 

LENTIBULARIACEAE:  BLADDERWORT 

Utricularia   vulgaris   Linnaeus,    var.    americana  Gray:     Common  bladderwort. 

Common  to   abundant   throughout  the   State   in   quiet  bays   and  stagnant 

sloughs. 
Utricularia  minor  Linnaeus:    Smaller  bladderwort.     Rare;    reported  only  from 

Dawson  Slough,  Kidder  County. 

PLANTAGINACEAE:  PLANTAIN 

Plantago   major   Linnaeus:     Common  plantain.      Rare;    reported  from   grassy 

borders  and  waste  ground  near  Elsie  and  Swan  Lakes,  Richland  County;  and 

Brush  Lake,  McLean  County. 
Plantago  rugelii  Decaisne:    Plantain.    Frequent  on  waste  ground  in  the  vicinity 

of  lakes  in  Stutsman  and  Barnes  Counties;  otherwise  reported  only  from  Long 

Lake,  Griggs  County;  and  Upsilon  Lake,  Rolette  County. 
Plantago   elongata   Pursh:   Plantain.     Rare;   found  only  on  sandy  beaches  of 

Swan  Lake,  Nelson  County. 

RUBIACEAE:  MADDER;  BEDSTRAW 

Galium  boreale  Linnaeus:  Northern  bedstraw.  Rare;  found  only  in  grassy 
meadow  along  the  border  of  Anna  Township,  Sections  17-20  Lake,  Ward 
County. 

Galium  trifidum  Linnaeus:  Bedstraw.  Rather  rare;  reported  from  springy 
grassy  meadows  bordering  Elsie  Lake,  Richland  County;  at  Louise  Lake, 
Stutsman  County;  Hobart  Lake,  Barnes  County;  and  Mill  and  Upsilon 
Lakes,  Rolette  County. 

CAPRIFOLIACEAE:  HONEYSUCKLE;  SNOWBERRY;  NANNYBERRY 

Symphoricarpos  occidentalis  Hooker:  Western  snowberry.  Abundant  through- 
out the  State  on  dry  barren  hillsides,  wooded  slopes,  and  prairies  in  the  vicinity 
of  lakes  and  sloughs. 

Symphoricarpos  albus  (Robbins)  Blake:  Dwarf  snowberry.  Fairly  common 
around  Upsilon  Lake,  Rolette  County,  in  the  Turtle  Mountains;  not  found 
elsewhere. 

Viburnum  trilobum  Marshall:  American  cranberry  bush.  Rare;  found  on 
wooded  slopes  of  Red  Willow  Lake,  Griggs  County;  and  Upsilon  Lake,  Rolette 
County. 

Viburnum  lentago  Linnaeus:  Nannyberry.  Frequent  throughout  the  State  on 
wooded  slopes  of  the  larger  lakes. 
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CUCURBITACEAE:  GOURDS;  MOCK-CUCUMBER 

Micrampelis  lobata  (Michaux)  Greene:  Mock-cucumber.  Rare;  reported  from 
the  borders  of  Spiritwood  and  Arrowood  Lakes,  Stutsman  County. 

CAMPANULACEAE:  BLUEBELLS 

Campanula  rotundifolia  Linnaeus:  Harebell.  Rare;  found  in  the  vicinity  of 
Ranch  Lake,  Kidder  County;  and  Blue  Lake,  McLean  County. 

LOBELIACEAE:  LOBEUAS 

Lobelia  spicata  Lamarck:  Lobelia.  Rare;  reported  from  grassy  meadows  along 
the  borders  of  Mud  Lake  and  Buckhouse  Slough,  Richland  County;  and 
Sibley  Lake,  Kidder  County. 

Lobelia  kalmii  Linnaeus:  Ontario  lobelia.  Rare;  reported  only  from  boggy 
meadow  along  the  southwest  end  of  Elsie  Lake,  Richland  County. 

COMPOSITAE:  ASTERS;  GOLDENRODS;  SUNFLOWERS;  THISTLES 

Yernonia  fasciculata  Michaux:    Western  ironweed.     Rare;    reported  only  from 

marshy  meadow  and  low  ground  along  the  Missouri  River,  near  Bismarck, 

Burleigh  County. 
Eupatorium  purpureum  Linnaeus:    Joe-pye-weed.     Rare;    reported  only  from 

meadow  bordering  Upsilon  Lake,  Rolette  County. 
Eupatorium  perfoliatum  Linnaeus:   Boneset.    Rare;  found  only  in  moist  meadow 

along  the  border  of  Mud  Lake,  Richland  County. 
Lacinaria  punctata  (Hooker)  Kuntze:    Dotted  gayfeather.     Rather  rare  in  the 

vicinity  of  lakes,  frequent  elsewhere;  reported  from  Turtle  and  Williams  Lakes, 

McLean  County;  and  Rice  Lake,  Ward  County. 
Lacinaria  scariosa  (Linnaeus)  Hill:    Gayfeather.     Rare  in  the  vicinity  of  lakes, 

frequent  to  common  elsewhere;  reported  from  Bird  and  Deer  Lakes,  Kidder 

County. 
Lacinaria  pycnostachya  (Michaux)  Kuntze:   Cattail  gayfeather.    Rare;  reported 

only  from  meadow  bordering  Buckhouse  Slough,  Richland  County. 
Grindelia  squarrosa  (Pursh)  Dunal:   Gum  plant.    Common  throughout  the  State 

on  dry  sandy  or  gravelly  slopes  and  prairies  in  the  vicinity  of  lakes  and  sloughs. 
Gutierrezia  sarothrae  (Pursh)  Britton  and  Rusby:   Broomweed.    Fairly  common 

throughout  the  State  on  dry  barren  hillsides  in  the  vicinity  of  lakes  and  sloughs; 

common  on  the  prairie. 
Chrysopsis  villosa  (Pursh)  Nuttall :  Hairy  golden-aster.    Fairly  common  through- 
out the  State  on  dry,  barren  hillsides  in  the  vicinity  of  lakes  and  sloughs; 

common  on  the  prairie. 
Chrysothamnus  graveolens  (Nuttall)  Greene.     Fetid  rayless  goldenrod.     Rare; 

reported  only  from  a  high  dry  butte  along  the  Missouri  River,  south  of  River- 
side Marsh,  Morton  County. 
Solidago  nemoralis  Aiton:    Oldfield  goldenrod.     Rare;  found  on  dry  meadows 

along  the  border  of  Holmes  Lake,  McLean  County,  and  Anna  Township,  sec- 
tion 33,  Ward  County. 
Solidago  canadensis  Linnaeus:    Canada  goldenrod.     Common  throughout  the 

State  on  sandy,  gravelly  meadows,  and  dry  hillsides  bordering  lakes    and 

sloughs. 
Solidago  serotina  Aiton:  November  goldenrod.    Rare;  found  in  open  woods  along 

the   border  of   Cherry   Lake,    Kidder  County;   John   Wilde   Lake,   Emmons 

County;  and  Rock  Lake,  Towner  County. 
Solidago  rigida  Linnaeus:  Stiff  goldenrod.    Fairly  common  throughout  the  State 

on  dry  hillsides  in  the  vicinity  of  lakes  and  sloughs. 
Solidago  graminifolia  (Linnaeus)  Salisbury:  Goldenrod.     Frequent   throughout 

the  State  in  grassy  meadows  and  open  woods  bordering  lakes;  fairly  common 

in  Bottineau  and  Rolette  Counties. 
Aplopappus  spinulosus  (Pursh)   De  Candolle.     Fairly  common  throughout  the 

State  on  dry  barren  hillsides  in  the  vicinity  of  lakes  and  sloughs;  common  on 

the  prairie. 
Aster  novae-angliae  Linnaeus:  New  England  aster.    Rare;  found  only  along  the 

border  of  Camp  Lake,  McLean  County. 
Aster  lae vis  Linnaeus :  Smooth  aster.     Common  in  the  open  woods  bordering  lakes 

throughout    the    Turtle    Mountains,    Rolette    and    Bottineau    Counties;  not 

reported  elsewhere.     Some  specimens  were  very  variable  and  dissimilar  to  the 

typical  A.  laevis,  one  approaching  var.  amplifolius  Porter. 
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Aster  multiflorus  Alton:  Wreath  aster.  Fairly  common  throughout  the  State  In 
moist  meadows  and  on  alkali  flats  bordeiing  fresh-water  and  slightly  alkaline- 
saline  lakes. 

Aster  commutatus  (Torrey  and  Gray)  Gray :  Aster.  Rare,  a  low  prostrate,  few- 
flowered  form  being  found  in  small  quantities  on  dry,  barren  hillsides  along  the 
Middle  Des  Lacs  Lake,  Ward  County,  and  also  in  a  grassy  meadow  near  Anna 
Township,  Sections  8-9  Lake,  Ward  County. 

Aster  paniculatus  Lamarck:  Panicled  aster.  Frequent  throughout  the  State  on 
sandy  meadows,  mud  flats,  and  dry  hillsides  bordering  fresh-water  lakes. 

Aster  salicifolius  Alton:  Aster.  Rare;  reported  from  the  borders  of  Jones  Lake, 
Sheridan  County;  and  Waterloo-Roaches  Lakes,  Ward  County. 

Aster  paucifolius  Nuttall:  Aster.  Rare;  reported  from  dry  flats  along  the  border 
of  Cherry  Lake,  McLean  County,  and  Johnson  Lake,  Divide  County. 

Aster  brachyactis  Blake:  Rayless  aster.  Common  throughout  the  State  on  sandy 
meadows  and  alkaline  flats  bordering  lakes  and  sloughs. 

Erigeron  annuus  (Linnaeus)  Persoon:  Fleabane.  Rare;  reported  only  from 
meadow  along  border  of  Elsie  Lake,  Richland  County. 

Erigeron  canadensis  Linnaeus:  Horseweed.  Fairly  common  throughout  the 
State  in  waste  ground  and  sandy  soil  along  the  border  of  lakes  and  sloughs. 

Antennaria  microphylla  Rydberg:  Pussytoes.  Rare;  reported  from  dry  meadow 
along  the  border  of  Lostwood,  Sections  21-28  Lake,  Burke  County;  and  John- 
son Lake,  Divide  County. 

Iva  xanthifolia  Nuttall:  Marsh-elder.  Rather  rare;  reported  from  dry,  barren 
hillsides  and  sandy  meadows  bordering  Buffalo  Lake,  Kidder  County;  Camp 
and  Max  Lakes,  McLean  County;  Red  Willow  Lake,  Griggs  County;  Lake 
Wanitah,  Foster  County;  and  Rush  Lake,  Cavalier  County. 

Iva  axillaris  Pursh:  Marsh-elder.  Rare;  found  only  on  dry  alkaline  flats  border- 
ing McKensies  Slough,  Burleigh  County. 

Ambrosia  trifida  Linnaeus:  Great  ragweed.  Rare;  reported  only  from  marshy 
border  of  Elsie  Lake,  Richland  County. 

Ambrosia  psilostachya  De  CandoUe :  Ragweed.  Frequent  throughout  the  State  in 
sandy  meadows,  waste  places,  and  dry  flats  bordering  lakes  and  sloughs. 

Xanthium  italicum  Moretti:  Cocklebur.  Common  throughout  the  State  on 
sandy  meadows,  waste  ground  and  flats  along  the  borders  of  lakes  and  sloughs. 

Xanthium  echinatum  Murray  {X.  glanduliferum  Greene):  Cocklebur.  Rare; 
reported  only  from  sandy,  low  ground  along  the  Missouri  River,  near  Bismarck, 
Burleigh  County. 

Xanthium  speciosum  Kearney:  Cocklebur.  Rare;  found  only  in  sandy  low  places 
along  the  Missouri  River,  near  Bismarck,  Burleigh  County. 

Heliopsis  scabra  Dunal:  Rough  heliopsis.  Rare;  found  along  border  of  Mud 
Lake  and  Buckhouse  Slough,  Richland  County. 

Rudbeckia  hirta  Linnaeus:  Black-eyed-susan.  Frequent  throughout  the  State  on 
sandy  meadows  and  dry  hillsides  in  the  vicinity  of  lakes  and  sloughs. 

Ratibida  columnaris  (Sims)  D.  Don:  Prairie-coneflower.  Frequent  throughout 
the  State  in  meadows  and  along  the  edge  of  the  prairie  in  the  vicinity  of  lakes 
and  sloughs. 

Helianthus  maximiliani  Schrader;  Maximilian  sunflower.  Rare  in  the  vicinity 
of  lakes  and  sloughs,  frequent  on  the  prairie;  reported  from  Turtle  Lake, 
McLean  County;  Long  Lake,  Griggs  County;  and  Lake  Wanitah,  Foster 
County. 

Helianthus  tuberosus  Linnaeus:  Jerusalem-artichoke.  Fairly  common  through- 
out the  State  in  meadows  along  the  borders  of  lakes. 

Bidens  frondosa  Linnaeus:  Beggar-ticks.  Frequent  throughout  the  State  in 
meadows  and  low  places  along  the  borders  of  fresh-water  lakes. 

Bidens  vulgata  Greene:  Sticktight.  Rare;  reported  from  meadow  borders  of 
Coal  Lake,  McLean  County;  and  Nelson-Cameron  Lakes,  Ward  County. 

Bidens  comosa  (Gray)  Wiegand:  Beggar-ticks.  Frequent  along  the  borders  of 
lakes  throughout  Rolette,  Ramsey,  Towner,  and  Cavalier  Counties. 

Bidens  cernua  Linnaeus:  Bur-marigold.  Rare;  reported  from  moist  rich  soil 
along  the  border  of  Florence  Lake,  Burleigh  County;  and  Waterloo-Roaches 
Lakes,  Ward  County. 

Gaillardia  aristata  Pursh:  Common  perennial  gaillardia.  Rare;  only  a  few  plants 
being  seen  along  the  border  of  Moon  Lake,  Barnes  County. 

Achillea  millefolium  Linnaeus:  Common  yarrow.  Frequent  throughout  the  State 
in  grassy  meadows,  near  lakes  and  sloughs;  apparently  never  common. 

Artemisia  caudata  Michaux:  Wormwood.  Rare;  reported  from  dry  hillsides  and 
sandy  meadows  along  the  border  of  Isabel  Lake,  Kidder  County;  Eckelson 
Lake,  Barnes  County;  and  Addie  Lake,  Griggs  County. 
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Artemisia  dracunculoides  Pursh:  Wormwood.  Frequent  throughout  the  State  on 
dry  hillsides  and  meadows  along  the  borders  of  lakes  and  sloughs. 

Artemisia  ludoviciana  Nuttall:  White  sage.  Fairly  common  throughout  the 
State  on  dry  hillsides  in  the  vicinity  of  lakes  and  sloughs. 

Artemisia  biennis  Willdenow:  Wormwood.  Rare;  reported  only  from  Jones 
Lake,  Sheridan  County. 

Artemisia  frigida  Willdenow:  Fringed  wormwood.  Abundant  throughout  the 
State  on  dry  hillsides  along  the  borders  of  lakes  and  sloughs. 

Artemisia  cana  Pursh:  Hoary  sagebrush.  Rare;  found  on  dry  hillsides  in  the 
vicinity  of  Big  Slough,  Dunn  County;  and  along  the  Missouri  River. 

Arctium  minus  Bernhardi:  Common  burdock.  Rare;  reported  only  from  Jim 
Lake,  Stutsman  County. 

Cirsium  undulatum  (Nuttall)  Sprengel:  Prairie  thistle.  Fairly  common  through- 
out the  State  in  sandy  meadows  and  on  the  prairie  in  the  vicinity  of  lakes  and 
sloughs.  Very  variable,  a  number  of  forms  and  possibly  species,  as  C.  flodmanni 
Rydberg,  have  been  here  placed  under  this  single  name  since  insufficient  mate- 
rial was  collected  to  justify  a  discussion  of  the  relative  importance  and  distribu- 
tion of  these  forms  or  species. 

Cirsium  arvense  (Linnaeus)  Scopoli:  Canada  thistle.  Frequent  throughout  the 
southeastern  and  northeastern  parts  of  the  State;  not  found  west  of  Bottineau, 
McHenry,  and  Ramsey  Counties. 

Sonchus  arvensis  Linnaeus:  Corn  sowthistle.  Rare;  reported  from  waste  ground 
along  the  borders  of  Long  Lake,  Griggs  County;  Kellys  Slough,  Grand  Forks 
County;  Brush  Lake,  McHenry  County;  and  Salt  Lake,  Walsh  County. 

Lactuca  ludoyiciana  (Nuttall)  Riddell:  Lettuce.  Rare;  reported  only  from 
McDonough  Lake,  McHenry  County. 

Lactuca  pulchella  (Pursh)  De  Candolle:  Blue  lettuce.  Frequent  in  grassy  mead- 
ows along  the  borders  of  lakes  in  Kidder,  McLean,  Barnes,  and  Griggs  Counties. 

Lygodesmia  juncea  (Pursh)  D.  Don:  Skeletonfiower.  Rare;  found  only  in  dry 
ground  along  the  border  of  Middle  Des  Lacs  Lake,  Ward  County;  frequent  on 
the  prairie. 

Crepis  runcinata  (James)  Torrey  and  Gray:  Hawks-beard.  Rare;  reported  only 
from  Waterloo-Roaches  Lakes,  Ward  County. 

Hieracium  scabriusculum  Schweinitz:  Narrow-leaf  hawkweed.  Rare;  reported 
only  from  border  of  Addie  Lake,  Griggs  County. 


COMMON  AND  SCIENTIFIC  NAMES  OF  PLANTS  OF  NORTH  DAKOTA 
MENTIONED  IN  THIS  REPORT 

Common  name  Scientific  name 

Agrimony Agrimonia  gryposepala. 

Alexanders,  golden Zizia  aurea. 

Do Zizia  cordata. 

Algae Anabaena. 

Do Chaetomorpha. 

Do Cladophora. 

Do Clathrocysiis. 

Do Enteromorpha. 

Do Spirogyra. 

Do ^ Synechococciis. 

Amaranth,  prostrate Amaranthus  hlitoides. 

Anemone,  meadow Anemone  canadensis. 

Aplopappus Aplopappus  spinulosus. 

Arrowgrass Triglochin  palustris. 

Seaside Triglochin  maritima. 

Ash,  green Fraxinus  lanceolata. 

Aspen,  quaking Populus  tremuloides. 

Aster Aster  commutatus. 

Do Aster  paucifolius. 

Do Aster  salicifolius. 

Aster,  New  England Aster  novae-angliae. 

Panicled Aster  paniculatus. 

Rayless Aster  brachyactis. 

Smooth Aster  laevis. 

Wreath Aster  multijlorus. 

Avens Geum  strictum. 

Baneberry,  red Actaea  rubra  var.  neglecia. 

Bearberry Arctostaphylos  uva-ursi. 

Beardgrass Andropogon  furcatus. 

Bedstraw Galium  trifidum. 

Northern Galium  boreale. 

Beggar-lice Lappula  echinata. 

Beggar-ticks Bidens  comosa. 

Do Bidens  frondosa. 

Bin dweed,  black Polygonum  convolvulus. 

Hedge Convolvulus  sepium. 

Birch,  canoe Betula  papyrifera. 

Bittersweet,  American Celastrus  scandens. 

Black-eyed-susan Rudbeckia  hirta. 

Bladderwort,  common Utricidaria  vulgaris  var.  americana. 

Smaller Utricilaria  minor. 

Blite,  sea ^ Dondia  depressa. 

Do Dondia  sp. 

Bluegrass Poa  triflora. 

Bluejoint Calamagrostis  canadensis. 

Boneset Eupatorium  perfoliatum. 

Boxelder Acer  negundo. 

Bromegrass,  common Bromus  inermis. 

Fringed Bromus  ciliatus. 

Broom  weed Gutierrezia  sarothrae. 

Buff aloberry,  russet Lepargyrea  canadensis. 

Silver Lepargyrea  argentea. 

Bugleweed Lycopus  lucidus  var.  americanus. 

American Lycopus  americanus. 

Bulrush Scirpus  occidentalis. 

Green Scirpus  atrovirens. 

Nevada Scirpus  nevadensis. 

River Scirpus  fluviatilis. 

Soft Scirpus  validus. 
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Bunchberry Cornus  canadensis. 

Burdock,  common Arctium  minus. 

Bur-marigold Bidens  cernua. 

Bur- reed Sparganium  americanum. 

Do Sparganium  eurycarpum. 

Buttercup _ Ranunculus  purshii. 

Common  white  water Ranunculus  aquatilis  var.  capillaceus . 

Cursed Ranunculus  sceleratus. 

Seaside Ranunculus  cymbalaria. 

Butterfly  wort Ricciella  fluitans. 

Cactus,  purple Coryphantha  vivipara. 

Carrion-flower Smilax  herbacea. 

Cattail,  common Typha  laiifolia. 

Cherry,  Bessey Prunus  besseyi. 

Pin Prunus  pennsylvanica. 

Chokecherry Prunus  virginiana. 

Cinquefoil,  bushy Polentilla  paradoxa. 

Prairie Polentilla  bipinnatifida. 

Clammy-weed _  Polanisia  trachysperma. 

Clover,  red Trifolium  pratense. 

Cocklebur Xanthium  echinalum. 

Do Xanthium  italicUm. 

Do Xanthium  speciosum. 

Coontail Ceratophyllum  demersum. 

Cottonwood,  southern Populus  deltoides. 

Cranberrybush,  American Viburnum  trilobum. 

Creeper,  Virginia Parthenocissus  quinquefolia. 

Currant,  American  black Ribes  americanum. 

Dispornum,  rough-fruited Disporum  trachycarpum. 

Dock,  golden Rumex  persicarioides. 

Great  water Rumex  britannica. 

Western Rumex  occidentalis. 

Willow-leaf Rumex  mexicanus. 

Dodder Cuscuta  cephalanthi. 

Dogbane,  hemp Apocynum    cannabinum    var.    hyperici' 

folium. 
Dogwood,  red-osier Cornus  stolonifera. 

Silky Cornus  amomum. 

Dropseed Sporobolus  richardsoni. 

Rough-leaf Sporobolus  asperifolius. 

Sand Sporobolus  cryptandrus. 

Duckweed,  small Lemna  minor. 

Star Lemna  trisulca. 

Eelgrass ___ Vallisneria  spiralis. 

Elm,  American Ulmus  americana. 

Evening-primrose Oenothera  serrulata. 

Common Oenothera  biennis. 

False-dragonhead Dracocephalum  nuttallii. 

Feathergrass Stipa  comata. 

Fireweed Epilobium  anguslifolium. 

Flat-sedge Cyperus  erythrorhizos. 

Do Cyperus  schweinitzii. 

Flax,  prairie Linum  lewisii. 

Fleabane Erigeron  annuus. 

Four-o'clock Oxybaphus  nyctagineus. 

Foxtail,  green __  Setaia  viridis 

Gaillardia,  common  perennial _._ Gaillardia  aristata 

Gaura,  scarlet Gaura  cocdnea. 

Gay  feather Lacinaria  scariosa. 

Cattail Lacinaria  pycnostachya. 

Dotted Lacinaria  punctata. 

Gentian Gentiana  amarella  var.  acuta. 

Gerardia,  slender ___  A galinis  tenuifolia. 

Germander Teucrium  occidentale. 

Golden-aster,  hairy Chryopsis  villosa. 
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Goldenrod Solidago  graminifolia. 

Canada Solidago  canadensis. 

Fetid  rayless Chrysothamnus  graveolens. 

November Solidago  serotina. 

Oldfield Solidago  nemoralis. 

Stiff Solidago  rigida. 

Gooseberry,  Missouri Ribes  missouriense. 

Smooth Ribes  oxyacanthoides. 

Goosefoot,  narrow-leaf Chenopodium  leptophyllum. 

Oak-leaf Chenopodium  glaucum. 

Red Chenopodium  rubrum. 

Grape,  ri verbank Vitis  vulpina. 

Grass,  barnyard Echinochloa  crusgalli. 

Bayonet Scirpus  paludosus. 

Bog  reed Calamagrostis  inexpansa. 

Cord Spartina  michauxiana. 

Early  bunch Sphenopholis  obtusata  var.  lobata. 

False  buffalo Munroa  squarrosa. 

Giant  reed Phragmites  communis. 

Hair Agrostis  hyemalis. 

Hairy  wood Bromus  purgans. 

Inland  cord Spartina  gracilis. 

June Koeleria  cristata. 

Little  bluestem A  ndropogon  scoparius. 

Meadow Panicularia  nervata. 

Mesquite Bouteloua  oligostachya. 

Old  witch Panicum  capillare. 

Porcupine Stipa  spartea. 

Quack Agropyron  repens. 

Reed  canary Phalaris  arundinacea. 

Reed  meadow Panicularia  grandis . 

Salt Distichlis  spicata. 

Slender  meadow . Puccinellia  nuttalliana. 

Slough Beckmannia  erucaeformis. 

Spear Poa  buckleyana. 

Squirreltail Hordeum  jubatum. 

Stink Eragrostis  megastachya. 

Switch Panicum  virgaium. 

Widgeon Ruppia  maritima. 

Gromwell,  false Onosmodium  occidentale. 

Groundcherry Physalis  lanceolata. 

Gum  plant Grindelia  squarrosa. 

Hackberry Celtis  occidentalis. 

Harebell Campanula  rotundifolia. 

Hawk's-beard Crepis  runcinata. 

Hawkweed,  narrow-leaf Hieracium  scabriusculum. 

Hawthorn Crataegus  chrysocarpa. 

Fleshy Crataegus  succulenta. 

Hazelnut,  American Corylus  americana. 

Beaked Corylus  rostrata. 

Heliopsis,  rough Heliopsis  scabra. 

Heliotrope,  seaside Heliotropium  currassavicum. 

Horsetail,  common Equisetum  arvense. 

Horseweed Erigeron  canadensis. 

Indigobush A  morpha  fruticosa. 

Ironweed,  western Vernoniafasdculata. 

Jerusalem-artichoke Helianthus  tuberosus. 

Joe-pye-weed Eupatorium  purpureum. 

Knotgrass Polygonum  aviculare. 

Do Polygonum  erectum. 

Knotgrass,  bushy Polygonum  ramosissimum. 

Ladies-tresses Ibidium  romanzoffianum. 

Lady 's-thumb Polygonum  persicaria. 

Lamb's-quarters Chenopodium  album. 

Leadplant Amorpha  canescens. 
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Lettuce Lactuca  ludoviciana. 

Blue Lactuca  pulchella. 

Licorice Glycyrrhiza  lepidota. 

Linden,  American Tilia  americana. 

Liverwort Marchaniia  polymorpha. 

Do Riccia. 

Lobelia Lobelia  spicata. 

Ontario Lobelia  kalmii. 

Loosestrife,  fringed Steironema  cilialum. 

Mare's-tail Hippuris  vulgaris. 

Marsh-elder Iva  axillaris. 

Do Iva  xanthifolia. 

Meadowrue,  purple Thalictrum  dasycarpum. 

Milfoil,  water Myriophyllum  spicatum. 

Milkvetch Astragalus  canadensis. 

Milkweed,  common Asclepias  syriaca. 

Green A  cerates  viridiflora. 

Showy Asclepias  speciosa. 

Swamp A  sclepias  incarnata. 

Whorled Asclepias  vertidllata. 

Milkwort,  sea Glaux  maritima. 

Mint,  field Mentha  arvensis  var.  canadensis. 

Mock-cucumber Micrampelis  lobata. 

Moss Amblystegium  riparium. 

Do Sphagnum. 

Muhlenbergia Muhlenbergia  foliosa. 

Mustard Brassica  juncea. 

Do Stanleya  pinnata. 

Do Thelypodium  integrifolium. 

Naiad Naias  marina. 

Nannyberry Viburnum  lentago. 

Nettle Urtica  gracilis. 

Do Urtica  lyallii. 

Nightshade,  black Solanum  nigrum. 

Nut-grass,  low Cyperus  diandrus. 

Oak,  mossycup Ouercus  macrocarpa. 

Onion,  prairie  wild A  Ilium  stellatum. 

Orach Atriplex  patula  var.  ha^tata. 

Silvery Atriplex  argentea. 

Orthocarpus Orthocarpus  luteus. 

Parnassia Parnassia  palustris. 

Parosela Parosela  dalea. 

Parsnip,  water Sium  suave. 

Peanut,  hog Falcata  pitcheri. 

Penny-cress Thlaspi  arvense. 

Peppergrass Lepidium  apetalum. 

Pigweed,  winged Cycloloma  atriplicifolium. 

Plantain Plantago  elongata. 

Do Plantago  rugelii. 

Plantain,  common Plantago  major. 

Plum,  American Prunus  americana. 

Poison  ivy Rhus  radicans. 

Small Rhus  rydbergii. 

Pondweed,  clasping-leaf Potamogeton  perfoliatus. 

Eelgrass Potamogeton  zosterif alius . 

Floating Potamogeton  natans. 

Fries's Potamogeton  friesii. 

H orned Zannichellia  palustris. 

Leafy Potamogeton  folios  us. 

Sago Potamogeton  pectinatus. 

Variable Potamogeton  heterophyllus. 

White-stemmed Potamogeton  praelongus. 

Poplar,  balsam Populus  tacamahacca. 

Prairieclover_ Petalostemum  purpureum. 

White Petalostemum  candidum. 
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Prairie-coneflower Ratihida  columnaris. 

Pricklypear Opuntia  fragilis. 

Do Opuntia  polyacantha. 

Purslane,  common Poriulaca  oleracea. 

Pussy  toes Antennaria  microphylla. 

Pyrola Pyrola  asarifolia. 

Sidebells Pyrola  secunda. 

Ragweed Ambrosia  psilostachya. 

Great Ambrosia  trifida. 

Raspberry,  common  red Rubus  strigosus. 

Redtop Agrostis  alba. 

Rose,  meadow Rosa  blanda. 

Woods's .--  Rosa  woodsii. 

Rush Juncus  alpinus. 

Do Juncus  dudleyi. 

Do Juncus  longistylis. 

Rush,  Baltic Juncus  balticus  var.  littoralis. 

Bog Eleocharis  palustris. 

Knotted Juncus  nodosus. 

Needle Eleocharis  acicularis. 

Toad Juncus  bufonius  var.  halophilus. 

Torrey's Juncus  torreyi. 

Sagebrush,  hoary Artemisia  cana. 

Sage,  white Artemisia  ludoviciana. 

Saltbush Atriplex  nuttallii. 

Saltwort,  common Salsola  kali. 

Samphire Salicornia  rubra. 

Sandbur Cenchrus  carolinianus. 

Scouring-rush Equisetum  hyemale. 

Scurf-pea Psoralen  argophylla. 

Sedge Carex  aquatilis. 

Do Carex  aurea. 

Do Carex  cristata. 

Do Carex  diandra  var.  ramosa. 

Do Carex  hystricina. 

Do Carex  lanuginosa. 

Do Carex  laxiflora. 

Do Carex  riparia. 

Do 1 Carex  rostrata  var.  ambigens. 

Do Carex  rostrata  var.  utriculata. 

Do Carex  scirpoides. 

Do Carex  stipata. 

Do Carex  sychnocephala. 

Do Carex  trichocarpa  var.  aristata. 

Do Carex  vulpinoidea. 

Shadblow Amelanchier  fiorida. 

Silverberry Elaeagnus  commutata. 

Silverweed Potentilla  anserina. 

Skeletonflower :__  Lygodesmia  juncea. 

Skullcap Scutellaria  galericulata. 

Smartweed,  pale Polygonum  lapathifolium. 

Water Polygonum  amphibium. 

Snapweed,  spotted Impatiens  biflora. 

Snowberry,  dwarf Symphoricarpos  albus. 

Western Symphoricarpos  occidentalis. 

Solomonseal,  starry  false Vagnera  stellata. 

Sowthistle,  corn Sonchus  arvensis. 

Spurge Euphorbia  serpyllifolia. 

Spurry,  sand Tissa  marina. 

Sticktight Bidens  vulgata. 

Stinking-clover Cleome  serrulata. 

Stonewort Char  a. 

Sunflower,  Maximilian Helianthus  maximiliani. 

Sweetclo ver,  white Melilotus  alba. 
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Thistle,  Canada Cirsium  arvense. 

Prairie Cirsium  undulatum. 

Three-square Scirpus  americanua. 

Tickclover,  hoary Meibomia  canadensis. 

Timothy Phleum  pratense. 

Wild Muhlenbergia  racemosa. 

Trefoil,  birdsfoot ^  Lotus  americanus. 

Tumblemustard Norta  aliissima. 

Tumble  weed A  maranthus  graecizans. 

Vervain Verbena  bracieosa. 

Blue Verbena  hastata. 

White Verbena  urticaefolia. 

Violet,  butterfly Viola  papilionacea. 

Virgins-bower Clematis  virginiana. 

Wapato Sagittaria  latifolia. 

Western Sagittaria  arifolia. 

Watercress Radicula  palustris. 

Waterhemlock Cicuta  bulbifera. 

Spotted Cicuta  maculata. 

Waterlily ,  yellow Nymphaea  advena. 

Waterplantain A  lisma  plantago-aquatica. 

Geyer's Alisma  geyeri. 

Waterweed Elodea  canadensis. 

Wheatgrass,  slender Agropyron  tenerum. 

Whitetop Fluminea  festucacea. 

Wildbergamot Monarda  fistulosa. 

Wildcelery Vallisneria  spiralis. 

Wildrice,  northern Zizania  aquatica. 

Wild-rye,  nodding Ely mus  canadensis. 

Short-awned Ely  mus  virginicus  var.  submuticua. 

Wild-sarsaparilla Aralia  nudicaulis. 

Willow,  autumn Salix  serissima. 

Beak Salix  bebbiana. 

Dwarf  pussy Salix  tristis. 

Glaucous Salix  prinoides. 

Heartleaf Salix  cordata. 

Hoary Salix  Candida. 

Peachleaf Salix  amygdaloides. 

Pussy Salix  discolor. 

Sand-bar Salix  interior. 

Slender Salix  petiolaris. 

Willow-weed Epilobium  adenocaulon. 

Do Epilobium  densum. 

Woodbetony ,  swamp Pedicularis  lanceolaia. 

Wormwood Artemisia  biennis. 

Do ---  Artemisia  caudata. 

Do Artemisia  dracunculoides* 

Wormwood,  fringed Artemisia  frigida. 

Yarrow,  common __  A chillea  millefolium. 
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OUTLINE  OF  THE  INVESTIGATION 

In  the  genetics  investigations  carried  on  by  the  Bureau  of  Animal 
Industry  five  distinct  families  of  guinea  pigs  have  been  developed 
by  systematic  inbreeding  without  selection.  During  the  course  of 
t&e  experiments  marked  differentiation  has  taken  place,  so  that  the 
families  show  average  differences  in  weight,  size  and  frequency  of 
litter,  mortality,  color,  resistance  to  tuberculosis,  and  tendency  to 
produce  abnormalities  of  a  certain  type.  The  data  pertaining  to  the 
effects  of  inbreeding  on  these  characteristics  and  the  result  of  cross- 
ing highly  inbred  lines  have  been  reported  by  Wright  (i/,  18)  ^  It 
was  shown  that  there  was  a  general  lack  of  correlation  between  the 
different  elements  of  vigor,  a  fact  which  indicates  that  the  present 
vigor  of  the  families  is  due  to  chance  fixation  of  the  various  elements 
which  contribute  to  general  vigor. 

In  a  later  publication  Wright  and  Eaton  {19)  show  that  there  is  a 
persistency  of  the  effects  of  inbreeding.  During  the  first  nine  years 
of  systematic  inbreeding  by  brother-sister  mating  there  was  a  dis- 
tinct decline  in  weight  and  fecundity  and  in  the  vitality  of  the  young, 
when  compared  with  the  noninbred  control  stock.     It  was  during 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  35. 
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this  period  that  the  five  families  became  differentiated  from  one  an- 
other in  these  respects.  During  a  second  9-year  period  of  inbreed- 
ing there  was  no  further  decline,  and  although  there  were  changes 
in  the  levels  of  weight  and  fecundity  these  changes  were  in  parallel 
for  the  different  families  and  the  control  stock.  It  was  evident  that 
practically  complete  homozygosis  had  been  reached  at  the  end  of  the 
first  9-year  period  and  the  differentiation  which  had  been  attained 
persisted  through  later  generations  of  inbreeding.  In  these  earlier 
publications,  however,  only  rather  brief  consideration  was  given  to 
weight  and  it  seems  desirable,  therefore,  that  a  further  study  of 
growth  should  be  made  particularly  with  reference  to  growth  varia- 
tions in  relation  to  differentiation  which  has  taken  place  in  other 
respects  among  the  inbred  families.  It  is  this  phase  of  the  investi- 
gation which  is  reported  in  this  bulletin. 

The  data  for  this  study  include  animals  from  five  inbred  families, 
a  control  stock,  and  also  animals  from  crosses  between  inbred  fam- 
ilies born  during  the  period  1916-1925.  The  year  1916  marks  the 
end  of  the  first  nine  and  the  beginning  of  the  second  nine  years  of 
inbreeding  reported  by  Wright  and  Eaton  (19).  Apparently  there 
was  no  further  differentiation  in  weight  after  this  point,  due  to  the 
attainment  of  a  high  degree  of  homozygosity  and  it  would  seem  that 
the  growth  data  during  the  period  1916-1925  should  be  practically 
free  from  variations  which  are  due  to  segregation  of  genetic  factors 
and  are  exceptional  material  for  study  in  this  respect.  Only  males 
have  been  used  in  the  study  because  of  the  fact  that  the  effects  of 
pregnancy  greatly  influence  the  weight  of  females  and  give  rise 
to  wide  variations  from  month  to  month. 

The  data  upon  which  the  study  is  based  include  weight  at  birth, 
on  the  third,  thirteenth,  twenty-third,  thirty-third,  fifty-third  day, 
and  every  30  days  thereafter  as  long  as  the  animal  was  in  the  col- 
ony. Since  June,  1923,  however,  the  weights  between  birth  and 
33  days  of  age  have  been  omitted. 

The  conditions  under  which  the  animals  were  kept  with  respect 
to  food,  temperature,  and  exercise  were  as  nearly  uniform  as  it  is 
possible  to  have  them  in  a  large  colony  where  feeding  is  done  from  an 
economical  standpoint.  The  feed  has  consisted  of  oats,  alfalfa  hay, 
green  feed,  water,  and  salt.  There  have  been  variations  in  green 
feed  from  time  to  time,  because  of  seasonal  conditions,  but  the  whole 
colony  has  always  been  fed  the  same. 

PREVIOUS  WORK 

An  extensive  literature  concerning  growth  in  both  the  lower  and 
higher  forms  of  animal  life,  including  man,  has  developed  during 
the  last  half  century.  It  has  dealt  with  growth  in  its  several  aspects, 
from  simple  data  showing  the  periodic  weights,  to  dissertations  on 
the  size  relationships  of  various  parts  of  the  organism,  including 

frowth,  weight,  ana  mathematical  formulas  for  expressing  growth, 
t  is  not  the  writers'  purpose  to  present  a  review  of  such  literature. 


GENETIC   GROWTH   DIFFERENTIATION    IN    GUINEA   PIGS  3 

Only  a  few  papers,  particularly  those  which  present  results  having 
a  rather  direct  relation  to  the  experiment,  will  be  mentioned.  The 
work  of  Minot  (i^),  dealing  with  the  growth  of  guinea  pigs,  is  one 
of  the  most  noteworthy  of  the  earlier  works  treating  growth  mathe- 
matically. King  (i^,  11)  has  made  growth  studies  on  rats  in  con- 
nection with  her  extensive  inbreeding  experiments.  Castle  (5,  6) 
has  studied  growth  in  several  races  of  guinea  pigs  in  connection  with 
other  studies  in  inheritance.  Numerous  investigators  at  the  different 
experiment  stations  have  studied  growth  in  poultry,  swine,  cattle, 
and  sheep.  Among  the  most  notable  of  recent  works  dealing  with 
growth  are  those  of  Brody  (/,  ^,  J,  ^,  16).  In  the  second  bulletin 
of  the  series,  comparisons  and  criticisms  of  some  of  the  mathematical 
measurements  of  growth  as  found  by  various  investigators  are  made. 
Brody  has  assembled  data  on  various  animals  and  plants  and  has 
shown  that  growth  is  essentially  the  same  in  all  organisms.  There 
is  a  self-accelerating  and  a  self -inhibiting  period  of  growth.  There 
is  also  a  period  in  the  physiological  development  of  animals  which 
serves  as  a  common  point  for  age  and  growth  comparison — ^the 
period  of  puberty.  Growth  rates  and  growth  curves  of  the  various 
animals  are  presented  and  discussed.  Additional  reference  will  be 
made  to  this  work  at  various  points  in  this  bulletin  as  well  as  to  other 
investigations  where  the  results  have  a  relation  to  the  discussion. 

GROWTH  DATA 
THE  GROWTH  CURVES 

Several  methods  of  fitting  curves  to  the  data  have  been  tried.  The 
method  described  by  Brody  (^),  using  the  formula  W=A  —  Be-^\ 
gave  a  reasonably  close  agreement  with  the  actual  data  except  during 
the  first  three  months  of  age.  In  this  formula  W  is  the  weight  at 
time  ^,  A  is  the  mature  weight,  B  and  h  are  constants  and  e  is  the 
base  of  the  natural  system  of  logarithms.  Birth  weight  is  consid- 
ered to  be  zero  and  age  is  reckoned  from  conception.  Thus  A  —  W=A 
at  birth.  The  x"  test  for  goodness  of  fit  gave  values  of  P  ranging 
from  0.57  to  0.94  for  the  different  families,  thus  showing  that  the 
agreement  was  within  the  limits  of  expectation  for  the  curves  as  a 
whole.  The  fit  was  obviously  far  off,  however,  at  birth  and  during 
the  first  few  months.  Since  this  portion  of  the  growth  curve  is  one 
of  very  rapid  growth,  it  is  important  that  a  fitted  curve  agrees  well 
with  the  actual  data  in  order  that  family  differences  may  be  observed. 

For  the  purpose  of  illustrating  the  family  differences,  curves 
drawn  through  the  actual  data  points  are  about  as  satisfactory  as 
fitted  curves  except  for  a  few  irregularities  which  occur  at  certain 
points.  In  order  to  smooth  these  out,  the  writers  have  used  a  para- 
bola (y=a-\-hx+cx^)  for  the  period  from  birth  to  113  days  and  a 
logarithmic  equation  of  the  form  y=a+'bx+G  log  x  for  the  period 
from  113  to  713  days.  The  fit  as  indicated  by  a  value  of  1  for  P  in 
the  x^  test  is  practically  perfect.    Such  a  method  is  not,  of  course, 


a  standard  one  for  fitting  curves  of  the  nature  shown  in  Figure  1, 
being  empirical  in  nature  and  having  the  further  disadvantage  of 
dividing  the  growth  curve  into  two  parts.  What  has  really  been 
accomplished  in  Figure  1  is  to  smooth  out  certain  minor  irregular- 
ities, leaving  the  individual  curves  in  agreement  all  the  way  with 
the  actual  data  points.  These  points  have  been  omitted  to  avoid 
confusion  owing  to  the  closeness  of  some  of  the  curves. 

Constants  for  the  Brody-type  curve  have  been  calculated  for  each 
of  the  families  and  the  B  stock.  These  will  be  discussed  in  connec- 
tion with  rate  of  growth  and  maturity. 
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Figure  1. — Growth  curves  of  the  five  inbred  families  and  the  control  stock  B,  from 
birth  to  720  days  of  age.  The  data  from  which  these  curves  have  l)een  drawn 
were  obtained  from  males  only 


HEREDITARY  DIFFERENCES 


The  growth  curves  in  Figure  1  show  some  important  differences 
in  gains  and  mature  weights  which  have  become  established  in  the 
inbred  families.  The  unadjusted  data  from  which' these  curves  have 
been  plotted  are  given  in  Table  1.  In  Table  2  the  same  data  are 
shown  after  adjustment  to  constant  30-day  intervals  and  correction 
for  variation  in  litter  size  have  been  made.  It  will  be  noted  that  at 
birth  the  weights  are  rather  close  together  even  in  strains  which 
differ  greatly  at  maturity,  the  maximum  difference  being,  for  in- 
.stance,  only  15.7  grams  between  family  2  and  the  B  stock.  At  30 
days  of  age  the  difference  has  increased  to  70.6  grams  and  at  720 
days  amounts  to  249.1  grams.  Weight  differences  with  their  prob- 
able errors  for  all  the  families  at  birth,  30,  60,  and  90  days,  and  at 
90-day  periods  thereafter  up  to  720  days  are  given  in  Table  3. 
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Table  1. — Mean  weight  and  standard  deviation  at   different  ages  of  inbred 
families  and  control  stock  B,  of  guinea  pigs.    Uncorrected  for  litter  size 

[Number  of  animals  in  each  family  is  given  in  parentheses] 


Age  (days) 


Family  2 
(112) 


Mean 


Family  13 
(102) 


Mean 


Family  32 
(98) 


Mean 


Family  35 
(61) 


Mean 


Family  39 
(67) 


Mean 


B  stock  (con- 
trol) (68) 


Mean 


Birth 
33—. 
63.... 
83—. 
113... 
143--- 
173... 
203.-. 
233... 
263... 
293. - 
323... 
353.-- 
383  -. 
413... 
443... 
473.  , 
503... 
633. - 
663... 
693... 
623... 
653.  _ 
683... 
713.-. 


Grams 
77.36 
192. 13 
266. 37 
381. 33 
473.  69 
539.  77 
585.  04 
620.  56 
647.70 
667.  35 
688.  78 
700.  20 
709. 13 
720.20 
729. 49 
738.24 
743.  87 
747.  31 
758.  55 
755.  74 
764.18 
770.  74 
774.  80 
774.  80 
778.24 


Grams 
11.48 
39.02 
50.41 
70.  65 
69.07 
66.96 
65.20 
66.96 
66.38 
62.61 
66.68 
66.04 
64.16 
66.74 
66.20 
62.37 
66.23 
66.80 
64.25 
68.07 
60.86 
62.14 
64.04 
61.42 
60.56 


Grams 
84.40 
246.70 
341.66 
485.  53 
603.  03 
682.00 
729.  65 
769.  79 
799.  20 
829.50 
850.  38 
864.  35 
878.  47 
893.  03 
900.  48 
907.  83 
914.  79 
918. 32 
928.52 
934.  30 
940.48 
948.  32 
957.  64 
954.50 
961.  95 


Grams 
14.17 
50.08 
63.66 
76.23 
79.66 
82.98 
81.45 
82.17 
82.17 
78.98 
77.62 
79.16 
75.78 
76.72 
75.80 
74.88 
74.64 
72.20 
68, 
72.60 
77.44 
78.16 
76. 32 
76.84 
71.64 


Grams 
83.89 
224.76 
298.68 
401. 64 
485.  21 
536.  23 
668.  89 
604.  09 
638.  68 
662.  05 
680.  62 
696.  23 
717. 71 
727. 06 
733.  58 
742. 46 
744.60 
747.  71 
751.  64 
757.00 
759.  85 
763.  78 
766. 44 
767.  20 
767. 86 


Grams 
12.70 
39.04 
46.79 
50.49 
50.30 
49.44 
48.44 
50.91 
50.22 
56. 37 
67.56 
61.75 
60.28 
69.52 
66.82 
67.62 
64.91 
58.84 
61.07 
65.82 


77.01 
80.69 
83.92 


Grams 
84.16 
236.36 
320.40 
461.  75 
672. 12 
644.40 
686.  34 
732.  03 
751. 01 
779. 68 
787.66 
803.54 
824.03 
832.  63 
839.  73 
854.40 
855.  80 
870.  76 
875.  52 
886.  67 
893.  55 
895.  78 
905. 16 
907. 12 
905.  52 


Grams 
14.63 
40.66 
66.44 
78.89 
83.61 
74.82 
77.62 
81.76 
74.94 
70.38 
68.98 
80.62 
63.21 
62.20 
72.70 
69.99 
62.05 
71.66 
59.63 
57.34 
61.85 
66.67 
60.71 
69.75 
67.47 


Grams 
77.93 
219.64 
290.02 
406.63 
618.  30 
678. 42 
623.  38 
662.  66 
681. 10 
706.10 
732.04 
737.  46 
746. 17 
757. 62 
766.  81 
772.63 
769.  68 
769.84 
776. 10 
768.94 
772. 19 
776. 14 
780. 96 
782.00 
792. 46 


Grams 
12.43 
42.32 
67.74 
67.65 
71.85 
70.19 
64.44 
62.85 
71.14 
66.37 
66.60 
78.30 
74.40 
69.14 
77.29 
69.66 
69.81 
82.20 
69.72 
80.47 
73.60 
66.77 
67.65 
74.11 
73.62 


Grams 
93.62 

■267.74 
346.24 
465.  68 
670. 82 
658.  32 
718. 62 
767.88 
813.47 
845. 
871.  66 
894. 36 
909.79 
934.  79 
937.  74 
968.  62 
952. 44 
975. 


Grams 
19.47 
47.86 
66.84 
88.32 
90.94 
98.62 
96.62 
102.  92 
107.26 
107.  75 
102. 38 
111.72 
111.  67 
116.83 
112.29 
104.26 
105.03 
117.  56 


986.381  103.80 


988.  91 
991.  56 
998.  03 

1,000.68 
992.1 

1,021.66 


110.63 
108.  82 
108.  34 
97.89 
89.46 
120.91 


Table  2. — Weights  at  Mrth  and  every  30  days  thereafter  of  inbred  and  control 
stocks  of  guinea  pigs  as  observed  and  calculated  for  curve  after  correction  of 
observed  litter  size  to  2.6866  has  been  made 

First  four  points  are  fitted  to  formula  y^a+hce+ca^,  remaining  points  are  fitted  to 
l/  =  a+6a;+o  log  tv.  Number  of  animals  and  average  size  of  litter  in  each  family  shown 
in  parentheses. 


Age  (days) 


Family  2 
(112)  (2.5804) 


Ob- 
served 


Calcu- 
lated 


Family  13 
(102)  (2.9400) 


Ob- 
served 


Calcu- 
lated 


Family  32 
(98)  (2.5600) 


Ob- 
served 


Calcu- 
lated 


Family  36 
(61)  (2.7880) 


Ob- 
served 


Calcu- 
lated 


Family  39 
(67)  (2.7160) 


Ob- 
served 


Calcu- 
lated 


B  stock 
(68)  (2.6440) 


Ob- 
served 


Calcu- 
lated 


Birth 
30.-. 
60.-.. 
90.-. 
120... 
150... 
180... 
210... 
240... 
270... 
300... 
330... 
360... 
390— 
420— 
450... 
480... 
510... 
640... 
570... 
600... 
630... 
660... 
690... 
720... 


Grams 
76.26 
179.28 
290.88 
400.  64 
487.  65 

648.  57 
591.  34 
624.  17 

649.  70 
669.  93 
689.31 
700.26 
710 
720.  40 
729. 94 
737.  89 
742. 
748. 10 
756 
756.  66 
764.  55 
770.  31 

773.  79 

774.  95 
77^57 


Grams 
75.73 
180. 84 
289.32 
401. 16 
479.  76 
564.91 

598. 10 
628. 19 
651.  12 
669.  50 
684.76 
697.  73 
708.  95 
718.79 
727.  51 
735.  31 
742.  33 
748.  69 
754.49 
769. 
764.  66 
769.  14 
773.28 

777. 11 
780. 66 


Grams 
86.90 
237. 89 
381.  50 
617.80 
625.  48 
697.  73 
743.  09 
781.  92 
810. 47 
837.  27 
856.  96 
871.  78 
884.47 
897.  22 
903.  61 
912.  34 
919.  74 
926.  63 
934.  76 
940.  45 
945.  71 
953.06 
960.  02 
956.  76 
965. 41 


Grams 
86.90 
237. 88 
38L  61 
617.80 
616.  79 
702.  93 
752.  63 
787. 19 
813.  66 
834. 95 
852. 66 
867.75 
880.84 
892.  35 
902.  59 
911. 78 
920.  08 
927.  63 
934.  53 
940.  86 
946.70 
962. 10 
957. 10 
961.  76 


Grams 
82.49 
208. 43 
319. 29 
419. 17 
495. 12 
642.  18 
575.44 
610.  49 
642.  42 
664.32 
682. 60 
697.46 
709. 40 
722.  27 
733.  38 
740.  21 
741. 99 
746.  30 
749.  79 
754.  69 
767.  77 
760.  87 
763.  67 
764.52 
765.  67 


Grams 
82.70 
207. 82 
319. 90 
418.  96 
475. 60 
551. 17 
594.48 
624.  67 
647. 42 
666.  69 
680.80 
693.  60 
704.64 
714.28 
722.  79 
730.  37 
737.  17 
743.31 
748.87 
753.  93 
758.  65 
762.  78 
766.  67 
770.  24 
773.64 


Grams' 
85.13 
223.77 
352. 25 
479.  76 
.589.  66 
654.33 
697.  27 
736.  61 
758. 03 
781.99 
791.  79 
808. 51 
826.  62 
834.  89 

843. 14 

855. 15 
859. 17 
872.  53 
878.  25 
889.82 
895.  86 
899.  46 
909.22 
908.  13 


Grams 
85.59 
222.  39 
353.  63 
479.  29 
584.  49 
659.  30 
703. 14 
734.  29 
758.  50 
778.  31 
795.  09 
809.64 
822.  51 
834. 03 
844.  47 
854. 02 
862.82 
870. 98 
878.  59 
885.72 
892. 43 
898.  76 
904.77 
910. 47 
915.91 


Grams 
78.12 
197.54 
317. 62 
432.32 
532.  25 
589.  05 
632.  65 
667. 14 
687. 12 
712.88 
733.  91 
739.  39 
748.  31 
759.85 

768.  37 
772.  26 
770. 11 
771. 19 
774. 01 

769.  71 
773. 16 
776.  53 
781.  07 
784.  53 
794.  92 


Grains 
77.82 
198. 45 
316.  71 
432.  62 
520.00 
598.96 
642.98 
672.  71 
694.60 
711.63 
726.  06 
736.06 
745.  15 
762.  74 
759. 11 
764.47 
768.  99 
772.  78 
775.  96 
778.  69 
780.  76 
782.  48 
783.84 
784.87 
785. 89 


Grams 
91.99 
249.84 
368.50 
480.  19 
588.93 
671. 10 
727.  77 
775.  74 
818.  65 
849. 40 
874.  90 
896. 05 
913.  49 
933. 19 
940.80 
966.  26 
957.  74 
976. 
984. 14 
988.45 
992.40 
997.77 
998.64 
998.64 

1027.  681 


Grams 
93.60 
245.01 
373.  33 
478.  58 
571. 42 
680.92 
744,11 
788. 34 
822. 17 
849.44 
872.17 
891.58 
908.45 
923.  33 
936.  68 
948.50 
959.  30 
969.15 
978. 16 
986.47 
994.14 
1001.  25 
1007.  87 
1014.  04 
1019. 81 
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It  is  clear  from  the  growth  curves  (fig.  1)  that  there  are  two 
rather  distinct  groups  with  respect  to  weight.  Families  13  and  35, 
together  with  the  B  stock,  constitute  a  group  characterized  by  rapid 
growth  and  heavy  pigs  at  maturity.  Families  2,  32,  and  39  consti- 
tute a  second  group  which  has  pigs  of  slower  growth  and  lighter 
weight  at  maturity.  The  separation  between  the  two  groups  is 
apparent  on  the  curves  as  early  as  1  month  of  age.  Within  the 
groups  there  are  many  points  at  which  the  families  do  not  differ 
significantly  in  weight.  For  instance,  in  the  lightweight  group, 
family  2  does  not  show  significant  weight  differences  with  family 
32  after  6  months  of  a^e  and  with  family  39  at  birth  and  after 
15  months  of  age.  Families  2  and  32  have  practically  the  same  weight 
from  5  months  of  age  to  maturity.  Family  39  appears  to  have  a 
slightly  higher  growth  rate  during  the  first  few  months  following 
birth,  with  the  result  that  a  greater  weight  is  attained  at  6  months 
than  in  either  family  2  or  32.  The  decrease  in  the  growth  rate  is  such, 
however,  that  at  24  months  all  three  families  show  about  the  same 
weight,  the  advantage  being  in  favor  of  family  39.  The  outstanding 
advantage  in  growth  occurs  prior  to  scA^en  months,  however,  due  to 
the  higher  rate  in  39.  Pigs  in  this  family  make  practically  as  much 
gain  during  the  first  five  months  as  family  2  pigs  make  during  the 
first  six  months.  The  practical  possibilities  of  this  will  be  discussed 
later. 

Table  3. — Difference  and  vro'bable  error  of  welffKt  at  different  periods  hetvoeen 
lines  of  guinea  pigs  after  correcting  for  difference  in  litter  size 


Birth 

30  days 

60  days 

90  days 

180  days 

270  days 

Stock  (family) 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

2  and  13 

2  and  32 

2  and  35 

2  and  39. 

2andB. 

13  and  32 

13  and  35 

13  and  39.. 

13  and  B.. 

32  and  35 

32  and  39 

32  and  B 

35  and  39.. 

35  and  B 

39  and  B 

Grams 
10.7 
6.3 
8.9 
1.9 
15.8 
4.4 
1.8 
8.8 
5.1 
2.6 
4.4 
9.5 
7.0 
6.9 
13.9 

Grams 
1.20 
1.13 
1.46 
1.26 
1.75 
1.28 
1.58 
1.39 
1.85 
1.53 
1.34 
1.81 
1.63 
2.03 
1.89 

GroTAW 
58.6 
29.1 
44.5 
18.2 
70.5 
29.5 
14.1 
40.4 
11.9 
15.4 
10.9 
41.4 
26.3 
26.0 
62.3 

Grams 
4.17 
3.64 
4.30 
4.28 
4.64 
4.27 
4.32 
4.83 
5.15 
4.40 
4.39 
4.73 
4.94- 
4.11 
6.24 

Grams 
90.6 
28.4 
61.3 
26.75 
77.6 
62.2 
29.3 
63.9 
13.0 
32.9 
1.7 
49.2 
34.6 
16.3 
50.9 

Grams 
5.33 
4.53 
6.58 
5.74 
6.34 
5.31 
7.14 
6.38 
6.93 
6.56 
5.86 
6.33 
7.45 
7.92 
7.25 

Gram,s 
117.2 
18.6 
79.2 
31.7 
79.6 
98.6 
38.0 
85.5 
37.6 
60.6 
13.1 
61.0 
47.5 
.4 
47.9 

Grams 
6.80 
5.67 
8.17 
7.16 
8.51 
5.48 
8.50 
7.55 
8.84 
7.03 
6.55 
8.00 
8.80 
9.93 
9.12 

Grams 
151.8 

15.9 
106.0 

41.3 
136.5 
167.7 

45.8 
110.5 

15.3 
121.9 

57.2 
152.4 

64.7 

30.5 

95.  2 

GroTTw 
6.85 
5.31 
7.89 
6.74 
7.90 
6.36 
8.63 
7.60 
8.64 
7.47 
6.25 
7.48 
&55 
9.49 

a56 

Grams 

167.4 

5.6 

112.1 

43.0 
179.5 
173.0 

55.3 
124.4 

12.1 
117.7 

48.6 
185.1 

69.1 

67.4 
136.5 

Grama 
6.61 
5.64 
7.27 
6.77 
9.67 
6.52 

ao5 

7.60 
10.27 
7.19 
6.68 
9.61 
8.18 

ia7i 

10.37 
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Table  3. — Difference  and  probable  error  of  weight  at  different  periods — Contd. 


360  days 

450  days 

640  days 

630  days 

720  days 

stock  (famUy) 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

Dif- 
fer- 
ence 

Prob- 
able 
error 

2  and  13 

Grams 

174.5 

.6 

116.5 

38.3 
203.5 
175.1 

58.0 
136.2 

29.0 
117.1 

38.9 
204.1 

78.2 

87.0 
165.2 

Grams 
6.51 
5.80 
6.82 
7.37 

10.01 
6.52 
7.53 
7.95 

10.44 
6.83 
7.38 

10.01 
8.21 

10.64 

11.00 

Grams 

174.4 

2.3 

117.3 

34.4 
217.4 
172.1 

57.1 
140.0 

43.0 
115.0 

32.1 
215.1 

82.9 
100.1 
183.0 

Grams 
6.39 
5.59 
6.53 
6.98 
9.41 
6.36 
7.20 
7.61 
9.89 
6.50 
6.95 
9.39 
7.73 
9.98 
10.28 

Grams 

178.8 

6.2 

122.2 

18.0 
228.1 
185.0 

56.6 
160.8 

49.3 
128.4 

24.2 
234.3 
104.2 
105.  9 
210.1 

Grams 
6.15 
5.84 
6.58 
7.06 
9.43 
5.36 
6.90 
7.35 
9.65 
6.62 
7.09 
9.46 
7.71 
9.93 
10.25 

Grams 
182.8 
9.4 
129.2 
6.2 
227.5 
192.2 

53.6 
176.6 

44.7 
138.6 

15.6 
236.9 
123.0 

98.3 
221.3 

Grams 
6.55 
6.15 
6.23 
6.78 
9.71 
7.02 
7.10 
7.58 

10.28 
6.72 
7.24 

10.03 
7.31 

10.08 

10.43 

Grams 
186.8 

12.9 
130.1 

16.3 
249.1 
199.7 

56.7 
170.5 

62.3 
143.0 

29.2 
262.0 
113.8 
119.0 
232.8 

0ram3 
6.15 

2  and  32 

6.90 

2  and  35 

2  and  39 

6.99 
7.19 

2  and  B  . 

10.62 

13  and  32 

7  46 

13  and  35 

7.54 

13  and  39 

13  and  B 

7.73 
10.98 

32  and  35 

32  and  39 

8.16 
8.34 

32  and  B 

11  42 

35  and  39 

35  and  B 

39  and  B 

8.40 
11.48 
11.60 

In  the  heavy  group  there  are  some  significant  and  important 
weight  differences  also.  Family  35  is  the  slowest  gainer  of  the  three, 
although  up  to  four  months  it  does  not  differ  significantly  from  B. 
At  24  months  B  is  119  grams  in  the  lead,  however,  owing  to  a 
difference  in  the  length  of  the  period  of  high  rate  of  growth.  The 
pigs  of  family  13  are  outstanding,  in  that  they  are  the  heaviest  of 
all  inbred  and  noninbred  pigs  up  to  7  months  of  age.  At  that 
point  they  are  surpassed  by  the  B  stock,  which  continues  to  lead, 
until  a  62.3-gram  advantage  is  attained  at  24  months.  Thus  B  pigs 
are  easily  superior  in  24-month  weight  to  all  inbred  families.  This 
lead  is  not  so  important,  however,  as  the  advantage  held  by  inbred 
family  13  up  to  7  months  of  age,  particularly  when  the  practical 
possibilities  are  considered. 

A  brief  history  of  the  development  of  some  of  the  inbred  families 
adds  information  of  value  at  this  point.  Family  13  pigs  have  been 
rather  consistently  the  heaviest  of  the  inbreds  from  the  beginning  of 
the  inbreeding  studies.  Family  35,  on  the  other  hand,  has  shown 
some  marked  fluctuations  during  the  course  of  its  development.  In 
the  early  period  of  inbreeding  this  family  made  a  relatively  poor 
showing  in  the  birth  weight  and  33-day  weight.  There  was  a  single 
mating  in  the  first  generation,  and  from  it  came  four  matings  in 
the  second  generation.  These  four  matings  formed  four  subfamilies, 
one  of  which  expanded  to  such  an  extent  that  it  produced  65  per  cent 
of  the  matings  made  in  this  family  between  the  eighth  and  twelfth 
generations.  By  the  year  1917  the  family  was  entirely  descended 
from  a  single  mating  in  the  twelfth  generation,  and  had  become  the 
largest  and  most  inbred  of  the  families.  Birth  weight  and  gains 
had  improved  so  much  that  the  family  was  close  to  the  top  in  these 
respects.  Segregation  of  lightweight  animals  occurred  all  along 
the  line,  but  it  so  happened  for  some  reason,  doubtless  other  than 
mere  weight,  that  they  did  not  survive.  There  was  no  selection  for 
weight  at  any  point. 
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The  development  of  family  2  with  respect  to  weight  has  been  some- 
what similar  to  that  of  family  36.  Many  sublines  split  off  during  its 
early  history  and  improvements  occurred  in  percentage  born  alive, 
percentage  raised,  and  frequency  of  litter,  but  gains  and  weights 
seem  to  have  been  consistently  low.  In  spite  of  the  low  weight, 
however,  it  has  been  one  of  the  easiest  inbred  families  to  propagate 
for  the  reason  that  frequency  of  litter  and  percentage  raised  are 
so  high. 

It  is  apparent  that  consistent  inbreeding  has  resulted  in  the  segre- 
gation and  fixation  of  inherited  factors  which  affect  growth  in 
guinea  pigs.  Both  rate  and  the  length  of  the  growth  period  have 
been  differentiated.  Of  course,  rate-of-gain  differences  extend  back 
of  birth,  but  it  does  not  necessarily  follow  that  the  order  of  weight 
at  maturity  will  be  the  same  as  order  of  weight  at  birth.  This 
point  is  well  illustrated  by  families  13  and  32.  Measured  on  the 
basis  of  gain  from  conception  to  birth  the  growth  rates  are  about 
the  same  but  following  birth  the  period  over  which  the  high  rate 
of  growth  extends  is  shorter  in  32  than  in  13  and  there  results  a 
rather  great  difference  in  mature  weight  in  favor  of  family  13. 
Rate  of  growth  is  not  the  whole  story,  however,  and  before  a  correct 
estimate  of  the  value  of  the  differences  in  growth  can  be  made,  other 
characters  such  as  maturity,  variability,  and  fecundity  must  be 
given  careful  consideration. 

MATURITY 

The  age  at  which  maturity  is  reached  depends  to  a  certain  extent 
on  the  definition  of  maturity.  In  a  previous  publication  Wright 
(17)  has  referred  to  the  age  at  maturity  as  measured  by  sexual  ma- 
turity. In  this  bulletin  the  writers  are  dealing  with  maturity  as 
measured  by  weight,  and  all  references  to  maturity  in  this  bulletin 
are  to  be  interpreted  on  this  basis. 

Differences  m  the  age  at  which  maturity  is  reached  have  been 
shown  to  exist  by  Castle  and  Wright  (6)  working  with  various  races 
and  species  of  guinea  pigs.  Oavia  cutleri  females,  for  instance,  had 
a  mature  weight  of  about  333  grams,  while  the  hybrid  Arequipa 
X  race  B  males  attained  a  weight  of  1,300  grams.  It  took  the 
latter  approximately  twice  as  long  to  reach  their  mature  weight 
as  it  did  the  former.  Of  course,  this  is  an  extreme  case  and  the 
differences  are  much  greater  than  would  be  found  in  any  single 
strain  of  guinea  pigs  where  perhaps  a  difference  of  300  grams  in 
mature  weight  would  be  considered  great.  As  mature  weight  in- 
creases, the  period  from  birth  to  maturity  also  becomes  longer, 
as  may  be  expected  when  maturity  is  based  on  the  time  required 
to  reach  a  certain  percentage  of  the  mature  weight.  This  cnange 
is  not  in  proportion  to  the  increase  in  weight  but  is  affected  also 
by  changes  in  rate  of  growth.  It  appears  that,  in  general,  size  dif- 
ferences among  animals  of  a  given  species  are  attributable  to  dif- 
ferences in  the  duration  of  the  period  of  growth. 

In  the  writers'  data  on  the  growth  of  the  five  inbred  families  and 
the  control  stock,  differences  were  found  in  maturity  although  they 
were  not  so  extreme  as  those  reported  above.    In  Table  4  is  shown 
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the  age  at  which  a  certain  percentage  of  the  2-year  weight  is  reached 
in  each  of  the  families.  It  is  at  once  apparent  that  the  pigs  in  fam- 
ily 39  mature  much  earlier  than  those  of  any  other  family  or  of  the 
control  stock  B.  It  takes  the  noninbred  stock  B  113  days  longer  to 
reach  90  per  cent  of  its  mature  weight  than  it  does  family  39  to 
reach  the  same  percentage  of  its  mature  weight.  This  relatively 
great  difference  is  somewhat  misleading  because  of  the  differences 
in  actual  mature  weights  in  the  two  groups.  The  B  stock  grows  for 
a  longer  period  of  time  and  reaches  the  larger  size,  while  pigs  of 
family  39  taper  off  early  in  their  growth  and  are  considerably  lighter 
at  maturity.  At  all  times  from  birth  to  weaning,  however,  the  B 
stock  is  heavier  (Table  2)  and  although  the  family  39  pigs  do 
mature  much  earlier,  they  are  at  all  times  considerably  lower  in 
weight.  They  owe  some  of  their  superiority  in  early  maturity  to 
their  low  mature  weight,  but  it  is  the  possession  of  a  rapid  growth 
rate  in  early  life  (Table  10),  together  with  a  fairly  low  mature 
weight,  which  puts  them  in  their  place  as  early  maturing  pigs. 
Pigs  of  family  2,  for  instance,  are  smaller  at  both  birth  and  at 
maturity  than  those  in  family  39,  but  it  takes  them  71  days  longer 
to  reach  90  per  cent  of  their  mature  weight  than  it  does  family  39 
pigs.  It  follows  directly  that  family  2  pigs  grow  slower  than  the 
family  39  pigs.  The  data  given  in  Table  10  and  the  groups  in  Fig- 
ure 1  show  that  this  is  true.  Particularly  during  the  early  part  of 
the  growth  period,  there  is  a  noticeable  difference  in  the  rate  of 
gain.  Rate  of  maturity  is  not,  therefore,  merely  a  function  of  mature 
Weight,  but  is  determined  by  the  combined  effect  of  birth  weight, 
rate  of  gain,  and  length  of  growth  period.  Mature  weight  is  com- 
pletely determined  by  the  interaction  of  these  three  factors.  Addi- 
tional evidence  is  seen  in  the  case  of  family  13,  in  which  the  mature 
weight  is  nearly  as  great  as  in  the  B  stock,  yet  family  13  pigs  mature 
considerably  earlier  than  the  B  pigs.  It  follows  that  growth  rate 
must  be  greater  in  family  13  than  it  is  in  B  at  some  part  of  the 
growth  period.  The  data  (fig.  1)  show  that  this  is  the  case  particu- 
larly between  2  and  5  months  of  age.  In  fact,  the  growth  rate  in 
family  13  during  the  period  appears  to  be  higher  than  in  any  of 
the  other  families  and  the  B  stock  itself. 


Table  4, — Age  in  daps  at  which  a  certain  percentage  of  2-year  weight  is  reached 
in  various  stocks  of  guinea  pigs 


Age  at  which  percentage  of  weight  stated  is  reached — 

Stock 

10  per 
cent 

20  per 
cent 

30  per 
cent 

40  per 
cent 

50  per 
cent 

60  per 
cent 

70  per 
cent 

80  per 
cent 

90  per 
cent 

FamUy: 

2 

Days 
3 
4 

«a 

3 
2 

Days 
22 
22 
18 
22 
21 
22 

Days 
44 
41 
37 
42 
38 

44 

Days 
65 
61 
67 
63 
58 
69 

Days 
87 
83 
82 
85 
80 
97 

Days 
liO 
104 
106 
105 
99 
123 

Days 
li3 
138 
142 
U2 
124 
162 

Days 
207 
201 
2U7 
208 
170 
237 

Days 
333 

13 

327 

32 

339 

35. 

346 

39     

262 

B  stock 

375 

1  In  family  32,  10  per  cent  of  the  2-year  weight  is  reached  before  birth:  birth  weight  is  10.77  per  cent  of 
2-year  weight. 

20021''— 31 2 
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These  different  rates  of  maturity  bring  out  the  fact  that  heredity 
does  have  an  influence  on  rate  of  gain  and  mature  weight.  Family 
2  pigs,  which  gain  slowly  and  grow  for  a  relatively  short  time,  con- 
sequently are  the  smallest  pigs  at  maturity.  They  mature  fairly 
early  but  are  exceeded  in  this  respect  by  families  39  and  13.  Thus 
there  appears  to  have  been  fixed  in  family  2  the  heredity  for  low 
rate  of  gain  and  a  short  growth  period.  In  family  39,  on  the  other 
hand,  there  is  a  much  higher  rate  of  gain  during  the  first  30  days 
following  birth.  The  situation  in  family  32  is  about  the  same.  It 
is  evident  that  in  these  three  families  which  compose  the  lightweight 
group  certain  inherited  factors  affecting  rate  of  gain  and  length  of 
growth  period  have  become  definitely  fixed.  The  heavy  families,  13 
and  35,  differ  from  the  light  families  mainly  in  having  a  longer 
period  of  growth  and  a  slightly  higher  growth  rate  during  early 
life.  In  family  13  the  rate  of  growth  is  so  high  that  the  pigs  reach 
90  per  cent  of  their  mature  weight  sooner  than  do  the  pigs  in  family 
2.  Thus  the  pigs  in  the  heaviest,  inbred  family  mature  before  the 
pigs  in  the  lightest  family.  This  is  an  exception  to  the  idea  that 
the  smaller  animals  of  a  species  mature  the  earlier  and  shows  that 
it  is  possible  to  fix  hereditary  factors  for  a  rate  of  gain  and  for  a 
length  of  growth  period  which  will  give  a  large  animal  at  a  young 
age.  It  so  happens  that  the  age  at  which  family  13  pigs  excel  all 
others  in  a  combined  weight-maturity  basis  is  about  comparable  with 
that  at  which  our  larger  domestic  animals  are  slaughtered  for 
market.  It  can  be  seen,  therefore,  that  the  result  may  have  important 
practical  possibilities  in  animal  breeding,  as  will  be  discussed  later. 

VARIABILITY 

There  are  many  factors  which  influence  the  rate  of  gain  in 
guinea  pigs.  Condition  of  the  dam,  size  of  litter,  position  in  the 
uterus,  and  genetic,  nutritional,  and  environmental  factors  have  an 
influence  during  the  life  of  the  animal ;  and  since  these  agents  are 
not  constant  in  the  usual  stock  there  are  wide  variations  in  weight 
at  all  ages.  At  one  extreme  the  unfertilized  ovum  shows  the  least 
variation  in  actual  weight  and  the  mature  animal  at  the  other  end 
of  the  range  shows  the  greatest  weight  variation.  How  soon  the 
variations  begin  to  appear  is  not  settled  by  experimental  evidence  but 
from  other  forms,  especially  swine,  there  is  evidence  of  differences 
either  before  or  soon  after  fertilization.  In  a  litter  of  several  swine 
ova  in  the  early  blastula  stage  rather  remarkable  differences  in 
stage  of  development  shown  by  the  individuals  of  the  litter  have  been 
observed  (9).  Whether  such  differences  persist  to  birth  is  open  to 
question,  of  course,  but  at  least  there  are  indications  of  differences 
in  size  at  a  very  early  embryological  stage.  In  the  guinea  pig  timed 
material  to  throw  light  upon  this  point  is  lacking.  Tlie  birth  weights 
(Table  2),  however,  indicate  that  the  differences  up  to  birth  are 
slight  compared  with  the  differences  at  maturity.  At  birth  the 
heaviest  inbred  family  (family  13)  is  14.7  per  cent  heavier  than 
the  lightest,  family  2.  At  2  years  of  age,  however,  the  difference  is 
much  greater,  family  13  pigs  being  23.7  per  cent  heavier  than  fani- 
ily  2  pigs.  In  both  cases  correction  was  made  for  differences  in  size 
01  litter.    Of  course,  with  the  control  of  all  the  contributing  factors 
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as  great  as  is  humanly  possible,  there  will  still  be  weight  variations 
at  all  ages.  In  the  present  case  the  data  are  for  a  group  of  guinea 
pigs  in  which  the  effect  of  sex  has  been  eliminated,  fed  the  same, 
and  in  which  litter  size  has  been  adjusted  to  a  constant.  The  data 
are,  therefore,  very  favorable  material  for  studying  the  effect  of 
genetic  factors  on  growth. 

In  conformity  with  the  results  of  other  investigators  who  have 
studied  inbreeding  in  mammals,  the  writers  have  observed  that  the 
inbred  animals  are  less  variable  in  weight  than  the  noninbred  ani- 
mals. (Table  5.)  The  measure  used  is  the  coefficient  of  variability 
for  the  weights  at  different  ages  from  birth  to  about  24  months. 
(Fig.  2.)  There  is  considerable  difference  in  the  variation  at  birth, 
even  among  the  inbred  lines,  but  in  none  is  it  so  great  as  in  the  con- 
trol stock,  B.  In  most  cases  the  control  stock  shows  less  variability 
at  weaning  than  the  inbred  stock,  possibly  due  to  selection.  Among 
the  inbreds,  matings  are  made  between  brother  and  sister  largely  re- 
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Figure  2. — Coeflacients  of  variability  in  the  different  lines  of  guinea  pigs  at  dif- 
ferent ages  from  birth  to  713  days.     These  have  been  calculated  by  the  usual 

method  c.  v.== ^>  which  gives  the  percentage  variation  of  the  mean 


gardless  of  their  vigor,  except  when  they  are  so  small  and  weak  as 
to  be  obviously  useless.  On  the  other  hand,  animals  from  stock  B 
that  show  no  closer  relationship  than  second  cousins  are  selected 
and  unconsciously  there  is  a  tendency  to  save  the  better  animals,  thus 
approaching  a  greater  degree  of  uniformity  than  the  inbreds  would 
show.  At  53  days  the  variation  is  nearly  the  same  in  all  groups, 
with  a  tendency  tor  the  inbreds  to  show  less  than  the  control  stock. 
Family  35  continues  with  greater  variability  than  the  other  inbred 
lines  until  about  11  months  of  age,  then  drops  below  the  other  fam- 
ilies. All  lines  have  a  maximum  variability  at  about  53  days  of  age, 
then  gradually  drop  to  a  fairly  constant  variability  from  about  9 
months  of  age  to  maturity.     (Fig.  2.) 

Since  the  variability  is  so  nearly  constant  after  9  months,  the  per- 
centage variability  of  each  inbred  family  as  compared  with  B  was 
calculated  by  getting  the  percentage  variability  at  each  age  from 
9  months  and  averaging  them.  (Table  5.)  These  results  show  that 
the  coefficients  of  variability  for  families  2, 13, 32, 35,  and  39  are  77.02, 
73.40,  77.59,  66.60,  and  84.05  per  cent,  respectively,  of  the  variability 
of  B.     By  squaring  these,  the  variance  of  these  families  is  59.32, 
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53.88,  60.20,  44.36,  and  70.64  per  cent,  respectively,  of  that  of  B, 
with  an  average  of  57.9  per  cent,  weighting  each  family  by  the  num- 
ber of  individuals  it  contains.  This  means,  then,  that  there  is  an 
average  of  57.9  per  cent  variation  in  the  inbred  lines,  which  is  non- 
genetic  and  probably  can  not  be  bred  out.  It  also  shows  that  42.1 
per  cent  of  the  variation  of  B  is  probably  genetic  and  may  be  bred 
out  by  inbreeding.  In  other  words,  42  per  cent,  or  nearly  one-half 
of  the  variability  of  the  stock  has  been  eliminated  by  inbreeding. 
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FiGURH  3. — Growth  curve  (solid  line)  of  the  first-generation  crosses  among  the 
lightweight  inbrod  families  2,  32,  and  39.  The  growth  curves  of  the  three 
Inbred  families  are  given  for  comparison.  From  birth  to  353  days  the  curve  of 
the  crossbreda  includes  25  animals  but  only  2  from  353  to  713  days  of  age 

Table  5. — Coefficients  of  variation  in  weight  of  inhred  families  cmd  control 

stock  of  guinea  pigs 


Age  (days) 

FamUy2 

Family  13 

Family  32 

Family  36 

FamUy39 

B  stock 

Birth     

Per  cent 
14. 84 
20.31 
18.92 
18.37 
14.68 
12.40 
11.14 
10.79 
10.25 
9.  .38 
9.68 
9.43 

ao.") 

9.27 
9.37 
8.45 
H.90 
8.80 
8.47 
9.  01 
7.96 
8.06 
8.26 
7.93 
7.78 

Per  cent 
16.79 
20.30 
18.64 
15.70 
13.19 
12.17 
11.16 
10.67 
10.28 
9.62 
9.13 
9.16 
8.6;i 
8.69 
8.42 
8.26 
8.16 
7.86 
7.40 
7.77 
8.23 
8.24 
7.97 
8.06 
7.46 

Per  cent 
15.14 
17.37 
15.66 
12.  67 
10. 37 
9.22 
8.51 
8.43 
7.86 
8.51 
8.46 
8.87 
8.40 
8.19 
7.74 
7.76 
7.37 
7.87 
8.12 
8.70 
8.78 
9.03 

iao4 

10.62 

iao3 

Per  cent 
17.38 
17.16 
20.74 
17.46 
14.61 
11.61 
11.31 
11.17 
9.98 
9.03 
8.76 
10.08 
7.67 
7.47 
8.66 
7.02 
7.26 
8.23 
6.81 
6.46 
6.92 
6.21 
6.70 
6.68 
7.42 

Percent 
15.95 
19.28 
19.91 
16.64 
13.86 
12.13 
10.34 
9.48 
10.44 
9.40 
9.08 
ia62 
9.98 
9.13 
10.08 
9.02 
9.07 
10.68 
8.99 
10.46 
9.63 
8.61 
8.66 
9.48 
9.28 

Percent 
20.80 

33 

17.88 

63 

19.36 

83 

19.38 

113 

16.83 

143..-., 

14.88 

173 

13.43 

208 

13.40 

238 

13.18 

263-... : 

12.76 

293 

11.76 

323 

12.49 

363 

12.27 

883 - 

12.50 

413 

11.97 

443 

ia88 

473 

11.03 

603  ..  .. 

12.06 

638 

ia63 

863 

11.19 

683 

ia97 

623 

ia86 

653 

y.78 

883 

9.02 

713 

11.84 
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Since  the  data  included  in  this  study  were  collected  during  the 
period  1916-1924  after  the  families  had  become  rather  highly  inbred, 
the  differences  in  variability  between  the  inbred  and  control  stock 
may  be  said  to  be  due  largely  to  genetic  homozygosis  which  has  been 
reached  in  the  respective  families.  Of  course,  if  the  data  for  the 
entire  life  history  of  each  of  the  families  were  considered,  it  is  prob- 
able that  the  results  might  be  much  different  owing  to  the  increase 
in  variability  brought  about  by  the  segregation  of  subfamilies.  It 
would  also  be  interesting  to  examine  the  variability  from  generation 
to  generation,  but  unfortunately  the  data  do  not  yet  include  large 
enough  numbers  to  permit  this. 

It  is  clear  that  inbreeding  has  resulted  in  a  decrease  in  the  average 
variability  in  weight.  In  all  the  families  the  decrease  due  to  the 
fixation  of  genetic  factors  affecting  growth  has  doubtless  reached  its 
limit  and,  barring  mutations,  any  further  changes  that  may  occur 
will  be  the  result  of  nongenetic  factors.  It  is  of  importance  that  a 
decrease  in  variability  of  the  magnitude  shown  here  has  been  possible 
and  it  is  of  equal  if  not  of  greater  importance  that  such  a  large  pro- 
portion of  weight  variations  has  been  shown  to  be  not  genetic  in 
nature  and  can  not  therefore  be  controlled  by  breeding  methods. 


Table  6.- 


•Variation  in  the  mbred  families  expressed  as  percentages  of  the 
variutimi  in  the  control  stock  B 


Age  (days) 

Family  2 

Family  13 

Family  32 

Family  35 

Family  39 

263 

Per  cent 
73.57 
82.38 
75.50 
73.  76 
74. 16 
75.77 
77.26 
80.69 
72.97 
80.44 
80.52 
72.56 
74.22 
84.46 
87.92 
65.71 

Per  cent 
74.67 
77.70 
73.34 
70.33 
68.72 
70.34 
75.83 
73.98 
65.17 
70.28 
69.44 
75.02 
75.87 
81.49 
89.25 
62.92 

Per  cent 
66.74 
72.00 
71.02 
68.46 
65.52 
64.66 
71.32 
66.82 
65.26 
77.11 
77.75 
80.04 
83.15 
102.  66 
116.63 
92.31 

Per  cent 
70.82 
74.55 
80.  30 
62.51 
59.76 
72.35 
64.52 
65.73 
68.24 
64.67 
57.73 
63.08 
57.18 
68.51 
72.95 
62.67 

Per  cent 
73.72 

293 

77.28 

323 

85.03 

353 

81.34 

383  -             - 

73.04 

413 

84.21 

443.    

82.90 

473       -                

82.23 

603 

88.56 

533 --     

84.80 

563 

93.48 

593 

86.87 

623                  .            -  -       

79.28 

653 --- 

88.55 

683         

105. 10 

713                                                                

78.46 

Total         -- --- 

1,232.29 
77.02 
59.32 

1, 174. 35 
73.40 
63.88 

1,241.45 
77.59 
60.20 

1, 065. 57 
66.60 
44.36 

1, 344. 85 

Average 

84.05 

Average  1...  -. 

70.64 

^Average  of  variants,  see  pp.  11  and  12. 

CROSSES   BETWEEN   INBRED    LINES 

In  a  previous  publication  Wright  (18)  showed  by  several  meas- 
ures of  vigor  that  crosses  between  the  inbred  lines  were  superior  to 
the  inbreds.  Among  the  criteria  of  superiority  were  weight  at  birth 
and  weaning,  litter  size,  frequency  of  litters,  and  mortality  both 
before  and  after  birth.  Weights  beyond  weaning  were  touched  on 
only  briefl}^ 

It  has  been  shown  in  this  bulletin  that  the  inbred  families  are 
divided  on  the  basis  of  weight  into  a  heavy  and  a  light  group.  In 
the  crosses  which  are  to  be  discussed,  it  is  these  groups,  rather  than 
the  lines  composing  them  that  have  to  be  considered,  because  there 
are  but  few  animals  of  each  family  entering  into  these  crosses,  thus 
making  it  impossible  to  draw  any  definite  conclusions  otherwise. 


14        TECHNICAL  BULLETIN  2  22,  U.  S.  DEPT.  OF  AGRICULTUEE 

However,  the  results  may  indicate  the  trend  of  conditions  as  they 
would  be  if  larger  numbers  were  concerned.  It  is  highly  desirable 
that  the  crosses  be  studied  with  regard  to  the  origin  of  the  sire  and 
dam,  whether  the  greater  influence  on  the  growth  of  the  young  is 
exerted  by  one  parent  or  the  other,  and  by  one  family  more  than 
another,  but  this  is  possible  only  to  a  limited  extent  because  of  the 
small  number  of  reciprocal  crosses  which  were  made. 

Considering  first  the  crosses  among  the  light  families  2,  32,  and 
39,  it  is  found  that  the  crossbreds  show  rather  remarkable  improve- 
ment in  growth  over  the  average  of  the  parental  families.     There 
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FiGUKB  4. — Growth  curves  of  hybrids  between  families  35  and  13  of  the  heavy 
group,  separated  as  to  dam.  The  young  which  have  a  family  13  dam  (35  X  13) 
appear  to  be  considerably  heavier  than  those  which  have  family  35  dams.  The 
number  of  animals  was  14  up  to  353  days  of  age  and  7  up  to  713  days  in  the 
family  35  X  13  cross.  The  corresponding  numbers  for  the  family  13  X  35 
cross  were  4  and  2.  In  neither  of  the  crosses  are  the  young  superior  to  the 
family  13  inbreds  in  weight  up  to  about  1  year.  Beyond  this  point  the  number 
of  animals  is  too  small  for  the  weights  to  have  significance 

were  25  of  these  animals  on  which  weights  to  1  year  of  age  were  re- 
corded but  only  2  on  which  weights  to  24  months  were  obtained. 
(Table  7.)  The  growth  curve  (fig.  3)  is  fairly  smooth  to  one  year 
but  after  that  point  there  is  considerable  irregularity,  as  mav  be 
expected  from  the  small  number  of  animals.  It  continues  to  show, 
however,  the  superiority  of  the  crossbreds  over  the  parent  lines  in 
weight  at  all  ages.  At  a  year  of  age  the  crossbreds  are  from  100 
to  140  grams,  or  about  16  per  cent,  heavier  than  their  parent  lines. 
In  comparison  with  the  noninbred  control,  stock  B,  they  are  about 
8  per  cent  lower  in  weight  at  one  year.  A  similar  situation  was 
found  to  a  lesser  degree  in  the  second  generation  from  these  crosses. 
Owing  to  the  small  number  of  animals,  it  was  not  possible  to  sepa- 
rate the  crosses  on  the  basis  of  the  dam's  family,  that  is,  family  2 
male  X  family  32  female  and  vice  versa,    (Table  7.) 
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Tablej  7. — Weight,  at  different  ages,  of  crosses  'between  different  inhred  families 
and  groups  of  guinea  pigs 


[In  the  designation  of  the  cross 

the  male  is  first  in  all  cases.    N  umber  of  animals 
parentheses] 

m  each  cross 

is  given  in 

Age  (day<?) 

Family  2 

X 
family  13 

Family  13 

X 
family  2 

All  light 
heavy 

All  heavy 

X 

light 

Light 

X 
light 

Family  35 

X 
family  13 

Family  13 

X 
family  35 

(17) 

(16) 

(36) 

(34) 

(25) 

(14) 

(4) 

Birth 

Grams 
89.6 
242.4 
360.4 
517.5 
625.9 
691.6 
739.1 
783.5 
794.7 
830.6 
853.2 
874.6 
877.6 

Grams 
74.2 
210.6 
316.8 
464.8 
573.0 
656.8 
704.8 
747.8 
782.9 
815.2 
829.0 
835.1 
852.2 

Grams 
86.0 
248.9 
350.8 
506.6 
624.0 
692.9 
742.0 
788.7 
818.2 
845.7 
872.4 
894.7 
912.5 

Grams 
77.4 
212.8 
314.1 
445.3 
560.1 
640.8 
691.5 
736.5 
769.8 
798.9 
816.8 
826.6 
839.7 

Grams 
81.4 
235.9 
319.2 
446.6 
552.6 
626.3 
666.3 
714.8 
752.3 
786.0 
810.5 
821.8 
835.5 

Grams 
87.1 
241.9 
324.5 
458.2 
564.3 
645.0 
706.9 
753.9 
796.1 
822.9 
855.2 
873.7 
886.6 

Grams 
76.0 

33  --.     

204.8 

53 

277  8 

83 

113_     

384.2 
490.8 

143 

577  0 

173 

630.5 

203       .. 

698  5 

233 

752  2 

263-    

780.2 

293 

819.5 

323 

839  0 

353 

869.0 

(11) 

(7) 

(14) 

(11) 

(2) 

(7) 

(2) 

353 

Grams 
882.1 
904.6 
902.8 
921.6 
927.1 

938^6 
954.4 
966.7 
958.6 
963.1 
968.6 
967.8 

Gram^ 

837.7 
844.6 
856.4 
865.7 
874.4 
875.7 
905.4 
897.7 
904.6 
916.3 
904.1 
898.0 
903.3 

Grams 
877.4 
905.2 
897.9 
918.3 
928.2 
937.5 
945.3 
958.7 
972.7 
968.4 
972.5 
979.3 
981.5 

Grams 
816.7 
828.7 
844.8 
850.4 
860.6 
871.7 
889.0 
890.5 
895.5 
907.5 
908.8 
899.8 
904.6 

Grams 
743.5 
774.5 
769.5 
805.5 
832.0 
838.0 
862.0 
862.0 
921.0 
915.5 
920.0 
941.5 
907.0 

Grams 

949.7 

966.0 

963.4 

975.6 

963.3 

985.6 

986.7 

979.1 

985.4 

998.4 

1,034.4 

1,  024.  3 

1,058.0 

Grams 
974.5 

383 

962.0 

413 

956  0 

443 

1,012.0 
1, 037. 0 
1,048.0 
1,004.5 
1,022  0 

473 

503 

533 

563           

593 

1, 063. 0 

623 

1,029.5 
1,  016.  0 
1, 015.  0 

653 

683-    

713         

1,015  0 

The  cross  involving  the  heavy  families  13  and  35  was  separated 
into  two  groups,  one  in  which  females  from  family  13  were  the  dams, 
the  other  in  which  females  from  family  35  were  the  dams.  The 
former  group  contained  14  animals  having  weights  to  1  year,  the 
other  consisted  of  but  4  animals.  Beyond  a  year  the  former  group 
contained  seven  animals,  the  latter  two.  Animals  in  which  the  dam 
was  from  family  13  were  superior  in  weight  to  those  whose  dam  was 
from  family  35,  but  the  cross  was  not  superior  to  family  13  animals 
until  about  a  year  of  age,  and  the  numbers  are  so  small  from  a  year 
to  2  years  that  the  superiority  indicated  in  the  growth  curve  (fig.  4) 
may  not  be  real. 

The  hybrids  whose  dams  were  from  family  35  were  inferior  to 
family  35  until  about  8  months  of  age,  and  after  a  year  the  results 
were  uncertain  because  of  the  few  animals  involved.  From  these 
results  it  appears  then  that  no  advance  is  obtained  in  weight  by  cross- 
ing two  heavy  breeds  or  lines,  but  it  is  more  advantageous  to  have  a 
heavy  dam  than  a  heavy  sire.  This  latter  point  is  brought  out  more 
forcibly  in  the  crosses  between  light  and  heavy  families. 

Crosses  between  families  2  and  13  were  separated  according  to  the 
dam's  ancestry  as  in  the  crosses  just  previously  discussed,  with  the 
result  that  those  whose  dam  was  of  family  13  ancestry  were  from  30 
to  40  grams  heavier  from  33  days  to  a  year  of  age  than  those  whose 
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Figure  5. — Crosses  between  the  heavy  family  13  and  the  light  family  2  separated 
as  to  dam.  The  young  having  family  13  dams  are  considerably  heavier  than  those 
having  family  2  dams  even  up  to  about  2  years  of  age.  No  increase  in  weight 
is  shown  by  the  crossbrods  over  that  of  family  13  but  a  relatively  great  increase  is 
shown  over  the  weight  of  family  2  pigs.  The  number  of  pigs  in  the  family 
2  X  13  cross  was  17  and  11  respectively  at  353  and  713  days  of  age.  In  the 
family  13  X  2  cross  the  corresponding  numbers  were  16  and  7 
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PiGUBB  0. — Growth  curves  of  all  crosses  between  the  heavyweight  families  (13,  35) 
and  the  lightweight  familios,  separated  as  to  dam.  All  those  young  which  had  a 
dam  from  either  family  13  or  35  show  a  distinct  advantage  in  weight  over 
those  which  had  a  dam  from  one  of  the  lightweight  families.  In  the  light  X 
heavy  cross  the  numbers  of  pigs  at  353  and  713  days  of  age  were  30  and  14 
respectively.  The  corresponding  numbers  In  the  heavy  X  light  cross  were  34 
and  11 
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dams  were  from  family  2.  (Fig..  5.)  The  weight  followed  very 
closely  that  of  family  13  at  all  ages  except  at  3  and  4  months,  when 
the  hybrids  are  about  15  grams  heavier.  The  crossbreds  with  family 
2  as  the  dam  are  30  to  40  grams  lighter  than  the  reciprocal  cross  and 
family  13  at  all  ages  from  weaning  to  a  year,  but  much  superior  to 
family  2,  being  more  than  50  grams  heavier  at  53  days  of  age  and 
nearly  150  grams  heavier  at  a  year.  The  same  relationships  and 
differences  hold  from  a  year  to  2  years,  although  the  numbers  are 
somewhat  smaller.  Combining  the  hybrids  which  have  either 
family  13  or  family  35  sires  and  dams  from  any  one  of  the  three 
light  families,  the  growth  curve  is  lower  than  the  one  for  those  ani- 


,__jL_i?y»*i?    S3    //.y   /'^  /73  £03  Z33  Z63Z93  323  3J3  383  4/3  443  473  S03  ,f33  Se3  S93  623  6S3  603  7/3 

Figure  7. — Growth  curves  for  family  2  inbreds  separated  as  to  size  of  littei-. 
Young  born  in  litters  of  1  sliow  a  considerable  increase  over  tbe  weights  shown 
by  young  in  litters  of  2,  3,  and  4.  The  number  of  young  is  not  constant  through- 
out the  period.  In  litters  of  1,  2,  .3,  and  4  the  numbers  are  respectively,  at 
))irth,  13,  92,  102,  and  23;  at  353  days,  5,  70,  70,  and  15;  at  533  days,  3,  56, 
39,  and  13 

mals  having  a  sire  from  one  of  the  light  families  and  the  dam  from 
either  family  13  or  family  35.  The  difference  gradually  increases  from 
nearly  10  grams  at  birth  to  nearly  75  grams  at  a  year.  From  a  year 
to  2  years  the  curves  are  nearly  concentric,  being  about  75  grams 
apart.  (Fig.  6.)  In  the  case  of  all  animals  it  is  probably  true  that 
the  vigor  of  the  dam  has  a  greater  influence  on  the  young  than  that 
of  the  sire.  Obviously  the  condition  of  the  dam  will  determine  their 
prenatal  growth  and  a  vigorous  dam  is  better  able  to  produce  nour- 
ishment for  the  young  after  birth  than  one  less  vigorous.  The  size 
of  the  young  seems  then  to  be  dependent  on  both  heredity  and  the 
ability  of  the  dam  to  furnish  sufficient  nourishment  during  the 
prenatal  and  nursing  periods. 

Crosses  between  a  lightweight  and  a  heavyweight  famil}^  bring  out 
the  interesting  fact  that  no  increase  is  shown  by  the  hybrids  over 
the  weights  of  the  heavier  family.     (Fig.  5.)     In  the  cross  of  family 

2(X)21°— 31 3 
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13  X  family  2,  the  hybrids  follow  the  average  of  the  heavy  family  13 
so  closely  that  there  is  no  significant  difference  except  during  the  first 
three  months,  and  here  it  is  in  favor  of  the  family  13  pigs.  It  fol- 
lows that  the  advantage  shown  by  the  hybrids  is  the  same  as  that 
shown  by  family  13  over  family  2.  This  is  relatively  great,  amount- 
ing to  24  per  cent  at  6  months  and  23.7  per  cent  at  2  years  of  age. 
The  crosses  of  family  2  X  family  35  and  family  13  X  family  39  show 
similar  results,  the  hybrid  weights  following  very  closely  the  weights 
of  the  heavier  family.  On  a  percentage  basis,  the  cross  light  family  X 
light  family,  shows  an  increase  of  15  per  cent  at  6  months  and  12  per 
cent  at  12  months  over  the  average  weights  of  the  inbred  parent 
stocks  at  these  ages.  The  cross,  light  X  heavy,  results  in  an  increase  of 
20.8  per  cent  at  6  months  and  19.8  per  cent  at  12  months  over  the 
average  weight  of  the  lightweight  families,  but  only  a  1  per  cent 
increase  at  6  months  and  less  than  1  per  cent  increase  at  12  months 
over  the  average  weight  of  the  heavy  parental  families.  The  cross, 
heavy  X  heavy,  results  in  a  2.8  per  cent  decrease  at  6  months  and  a 
2.8  per  cent  increase  at  12  months  over  the  average  weight  of  the 
heavy  families,  13  and  35,  at  those  ages.  The  hybrids  in  this  cross 
also  show  a  2.9  per  cent  decrease  at  6  months  and  a  2.5  per  cent  de- 
crease at  12  months  when  compared  with  the  average  weight  of  the 
noninbred  B  stock  at  these  ages. 

On  a  Mendelian  basis  of  definite  factors  for  growth,  it  w^ould  ap- 
pear that  family  13  and  family  35  do  not  differ  appreciably.  The 
cross,  therefore,  would  bring  together  only  a  very  few  new  factors 
and  the  growth  of  the  hybrid  remains  essentially  unchanged.  In 
the  family  2  X  family  13  cross  it  would  be  necessary  to  postulate  that 
there  was  essentially  a  dominance  of  the  family  13  factors.  Such  spec- 
ulation is  hardly  warranted  with  the  available  evidence,  however, 
and  until  more  data  have  been  collected  not  much  can  be  done  in  ex- 
plaining the  results  on  a  Mendelian  basis. 

It  is  noteworthy  that,  with  the  group  of  families  available,  no 
cross  between  them  has  given  hybrids  w^hich  make  faster  gains  than 
family  13  itself.  At  first  sight  this  result  may  appear  to  be  contra- 
dictory to  the  theory  that  the  crossing  of  inbred  lines  results  in  im- 
provement. This  is  not  true.  Weight  is  only  one  of  the  characters 
which  are  of  importance,  although  no  distinct  improvement  in  this 
respect  has  resulted  from  crossing. 

These  results  are  in  agreement  with  those  reported  by  AVright 
(IS)  which  w^ere  based  on  somewhat  smaller  numbers.  His  com- 
parison was  made  on  the  average  of  several  crosses  Avhereas  those 
described  here  are  separated  into  the  definite  crosses  between  fami- 
lies. The  writers  are  able  to  draw  the  conclusion  that  although  on 
the  average  the  crosses  between  the  inbred  families  are  superior  in 
weight  to  the  parents  there  are  cases  in  which  no  improvement  is 
noticeable.  This  is  particularly  true  of  the  family  2  X  family  13 
cross  in  which  the  growth  curve  of  the  hybrids  practically  coincides 
with  that  for  family  13.  For  a  large  portion  of  the  curve  the  same  is 
true  of  the  family  13  X  family  35  cross.  It  would  appear  that 
family  13  is  homozygous  for  a  large  number  of  tlie  favorable  factors 
for  growth  and  that  family  35  has  many  of  the  same  factors. 

The  evidence  shows  rather  conclusively  that  in  none  of  the  crosses 
between  the  five  inbred  families  is  there  an  increase  in  average 
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weight  over  the  control  stock  during  the  entire  period  from  birth 
to  2  years,  as  a  whole.  There  are  periods  in  this  growth  period  in 
which  the  hybrids  are  heavier,  but  the  differences  are  rather  slight 
and  do  not  indicate  any  distinct  superiority  over  the  noninbred  stock. 
There  are  also  cases  of  individual  hybrids  exceeding  the  B  stock 
but  they  must  be  considered  as  only  individual  cases.  The  conclu- 
sions are  that  increase  in  weight  has  resulted  from  crossing  the 
highly  inbred  light  families;  relatively  large  increase  in  weight  has 
resulted  from  crossing  a  light  and  a  heavy  family  but  such  a  cross 
shows  no  distinct  increase  over  the  heavy  family  average;  no  gain 


FiGUKB  8. — Growth  curves  for  family  13  on  the  basis  of  litter  size.  The  numbers 
of  pigs  concerned  in  litters  of  1,  2,  3,  4,  and  5,  respectively,  are  as  follows  :  At 
birth,  8,  62,  101,  34,  and  8  ;  at  353  days  of  age,  5,  42,  70,  18,  and  8 ;  at  533 
days  of  age,  5,  27,  48,  14,  and  7.  Pigs  born  in  litters  of  2  appear  to  make 
greater  gains  than  the  pigs  born  in  other  litter  sizes.  Family  13  pigs  which 
are  born  in  litters  of  1  do  not,  like  family  2  pigs,  make  greater  gains  than  pigs 
born  in  other  litter  sizes.     (Fig.  7.) 

in  average  weight  results  from  crossing  heavy  by  heavy  families; 
and  none  of  the  crosses  give  pigs  which  are  heavier  than  the  non- 
inbred stock  during  the  entire  growth  period. 

EFFECT  OF  LITTER  SIZE  ON  GROWTH 

The  size  of  litter  in  which  a  guinea  pig  is  born  has  a  significant 
.effect  on  the  birth  and  weaning  weights.  The  reason  is  readily  ap- 
parent because  both  the  prenatal  and  the  postnatal  development  up 
to  the  time  of  weaning  are  largely  dependent  on  the  condition  of 
the  dam,  and  the  larger  the  number  of  young  drawing  on  her  energy 
the  smaller  quantity  of  nourishment  each  would  receive.  After 
weaning  age  is  passed,  however,  the  young  are  independent  of  the 
mother  for  food  supply,  and  it  is  to  be  expected  that  the  effect  of 
litter  size  on  weight  would  gradually  decrease. 
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Figure  9, — Growth  curves  for  family  32  on  the  basis  of  litter  size.  The  numbers 
of  young  concerned  in  litters  of  1,  2,  3,  and  4,  respectively,  are  as  follows :  At 
birth,  11,  85,  72,  and  17  ;  at  353  days,  8,  61,  55,  and  9  ;  at  533  days,  6,  43,  40, 
and  7 


Figure  10. — Growth  curves  for  family  35  on  the  basis  of  size,  of  litter  in  which 
the  pigs  were  born.  The  numl^crs  of  pigs  concernHl  in  litters  of  1,  2,  3.  and  4, 
respectively,  are  as  follows :  At  birth,  9.  63,  86,  and  24 ;  at  353  days  of  ajf<%  7, 
38,  45.  and  13 :  at  533  days  of  ace,  2,  21,  27,  and  10.  In  family  35  it  appears 
that  the  size  of  litter  has  little,  if  any,  effect  on  weight  at  later  periods 
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Figure  11. — Growth  curves  for  family  39  on  the  basis  of  litter  size.  Pigs  born  in 
litters  of  4  are  lighter  in  weight  at  practically  all  points  on  the  curve.  The 
numbers  of  animals  concerned  in  litters  of  1,  2,  3,  and  4,  respectively,  are  as 
follows:  At  birth,  11,  41,  51,  and  16;  at  353  days,  6,  32,  35,  and  14;  at  533 
days,  5,  25,  25,  and  8 
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FiGURB  12. — Growth  curves  for  the  B  stock  on  the  basis  of  litter  size.  Young  born 
in  litters  of  1  are  slightly  heavier  than  other  young  up  to  about  3  months  of 
age,  at  which  point  pigs  born  in  litters  of  2  take  the  lead.  The  differences  are 
relatively  slight 
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Among  the  inbred  families  there  are  some  differences  in  the  effect 
of -litter  size  on  growth.  In  family  2  (fig.  7),  pigs  born  in  litters  of 
1  are  heavier  at  2  years  of  age  than  those  born  in  litters  of  2,  3,  or  4, 
but  there  is  no  difference  in  weight  between  pigs  born  in  litters  of 

3  and  those  born  in  litters  of  4.  In  family  13  (fig.  8),  pigs  born  in 
litters  of  2  or  3  are  heavier  after  3  months  than  litters  of  1,  while 
the  latter  ranks  with  those  of  4  or  5.  Family  32  (fig.  9)  shows 
about  the  same  situation  as  family  2  with  the  exception  that  the  dif- 
ference between  litters  of  1  and  2  is  very  small.  In  family  35  (fig. 
10),  weight  of  the  young  up  to  53  days  of  age  is  in  the  order  of 
litter  size  but  after  that  period,  pigs  from  litters  of  2  are  heaviest 
while  there  is  no  choice  between  pigs  from  litters  of  1,  3,  and  4. 
Litters  of  1  seem  to  have  a  slight  advantage  in  family  39  (fig.  11) 
during  early  life,  but  after  1  year  of  age  there  is  no  apparent  effect 
of  size  of  litter  on  the  weights.  In  the  control  stock  B  (fig.  12), 
the  weights  of  the  young  are  in  the  order  of  litter  size  up  to  about 

4  months  of  age,  and  from  that  point  on  to  1  year  young  from  litters 
of  2  are  heaviest  with  litters  of  1,  4,  and  3  following  in  the  order 
named.  Size  of  litter  appears  to  have  no  effect  on  the  mean  weights 
of  the  young  after  1  year  of  age. 

The  selection  of  a  satisfactory  measure  of  the  significance  of  the 
differences  shown  in  Figures  8  to  12,  inclusive,  has  offered  some  diffi- 
culties. Weight  at  any  age  is  composed  of  birth  weight  and  gains 
made  during  the  intervening  period.  There  is  a  correlation  between 
weight  at  one  age  and  weight  at  another,  especially  during  early  life. 
There  is  also  a  correlation  between  litter  size  and  weight,  which 
decreases  as  the  age  of  the  animal  increases.  The  age  at  which  the 
significance  of  differences  in  weight  among  the  different  sizes  of 
litter  is  tested  is,  therefore,  an  important  consideration.  During  the 
period  right  after  birth  when  nutrition  plays  such  an  important  role, 
it  is  to  be  expected  that  the  larger  litters  will  be  at  some  disadvan- 
tage. It  is  desirable,  however,  to  measure  the  persistence  of  the 
effect  of  litter  size  and  hence  a  test  at  some  later  age  is  necessary  to 
bring  this  out.  One  year  has  been  selected  as  the  median  age  at 
which  the  test  was  made.  The  significance  was  tested  by  the  usual 
formula  for  the  probable  error  of  a  difference,  Ed^^PE\  +  E\ 
where  Ex  and  E2  are  the  respective  probable  errors  of  the  two 
weights  at  1  year  and  Ej)  is  the  probable  error  of  the  difference.  In 
Table  8  the  weights,  differences,  and  their  probable  errors  in  each 
of  the  five  inbred  families  and  the  control  stock  for  the  various  litter 
sizes  at  1  year  of  age  are  shown.  It  will  be  seen  that  there  are  few 
significant  differences.  Apparently  in  family  2,  litters  of  1  have  an 
advantage  over  all  larger  litters.  In  all  the  other  families  litters  of 
2  and  3  show  greater  differences  than  exist  between  litters  of  1  and  2 
or  between  those  of  3  and  4, 
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Table  8. — Weight  at  1  year  of  age  in  different  Utter  sizes  and  standard  devia- 
tion and  probaUe  error  of  the  mean  weight  and  differences  and  probahle  error 
between  different  litter  sizes 


Litter  size 

Family  2 

Family  13 

Family  32 

Mean 

<r 

^M 

Litters 

Mean 

0- 

Em 

Litters 

Mean 

a- 

Em 

Litters 

1.-- 

2 

3 

Grams 
781.04 
721.  23 
702.  24 
710.  80 

Grams 
86.60 
67.04 
60.28 
70.88 

Grams 
16.23 
4.72 
3.99 
9.98 

No. 

13 

92 

102 

23 

Grams 
852. 00 
890. 47 
870.  26 
850.68 

Grams 
50.31 
90.45 
76.09 
7L14 

Grams 
12.03 
7.75 
5.11 
8.23 

No. 

8 

62 

101 

34 

Grams 
714.  73 
725.  89 
695.  27 
697.  88 

Grams 

65.83 

66.57 

51.31 

38.01 

Grams 
13.37 

4.87 
4.08 
6.22 

No. 
11 
85 

72 

4 

17 

Family  35 

Family  39 

B  stock 

Ivitter  siz3 

Mean 

a 

Em 

Litters 

Mean 

a 

^M 

Litters 

Mean 

ff 

Em 

Litters 

1 

Grams 
805.  06 
834.42 
832.  64 
814.08 

Grams 
80.00 
84.10 
73.80 
86.30 

Gravis 
17.99 
7.14 
5.37 
11.88 

No. 

9 

63 

86 

24 

Grams 
759.  50 
743. 89 
735.88 
709.  50 

Grams 
70.32 

57.12 
90.52 
81.88 

Grams 
14.29 
6.02 
8.55 
13.80 

No. 
11 
41 
51 
16 

Grams 
943. 50 
940.  41 
912.  76 

867.42 

Gram^ 
115.  26 
121. 80 
110.64 

78.48 

Grams 
24.60 
14.31 
10.66 
12.14 

No. 
10 

2 

33 

3 

4 

49 

18 

DIFFERENCES! 


Family  2 

FamJ 

lylS 

Family  32 

Differ- 
ence 

Probable 
error 

Differ- 
ence 

Probable 
error 

Differ- 
ence 

Probable 
error 

1  and  2 

Grams 
+59. 81 
+78. 80 
+70.24 
+18.99 
+10.43 
+8.56 

Grams 

2  16.  85 

2  16.  67 

2  19. 03 

2  6.16 

11.04 

10.72 

Grams 
-38. 47 
-18.26 
+1.32 
+20.21 
+39.  79 
+19.68 

Grams 
14.28 
13.03 
14.52 
9.27 
2  11.27 
9.64 

Grams 
-1L16 
+19. 46 
+16. 85 
+30.  62 
+28.01 
-2.61 

Grams 
14.25 

1  and  3      .         ..... .  .  ... 

14.00 

1  and  4 

14.76 

2  and  3         .......             .  . 

2  6.32 

2  and  4                                              .... 

2  7.87 

3  and  4  .  .  .  ..     -..  .     

7.42 

Family  35 

Family  39 

B  stock 

Differ- 
ence 

Probable 
error 

Differ- 
ence 

Probable 
error 

Differ- 
ence 

Probable 
error 

land2 

Grams 
-29.36 
-27.58 
-9.02 
+1.78 
+20.  34 
+18.56 

Grams 
19.36 
18.79 
2L56 
8.89 
13.86 
13.04 

Gram^ 
+15.  61 
+23.62 
+50.00 
+8.01 
+34.  39 
+26.  38 

Grams 
15.49 
16.64 
19.85 
10.44 
15.03 
16.22 

Grams 
+3.09 
+30.  74 
+76.  08 
+27.  65 
+72.99 
+45.  34 

Grams 
28.44 

1  and  3 

26.78 

1  and4 

2  27.40 

2  and  3                                       ..... 

17.77 

2  and  4 

2  18.  71 

3  and  4 -     ..     ..  ..        

2  16.06 

1  Plus  sign  indicates  greater  weight  in  smaller  litter  and  minus  sign  less  weight. 

2  Indicates  significant  differences. 

A  tabulation  of  the  number  of  pigs  raised  to  weaning  in  the  various 
litter  sizes  concerned  in  this  group  of  pigs  shows  that  in  litters  of 
2  an  average  of  1.9  were  raised  to  weaning,  in  litters  of  3,  2.7  were 
raised,  and  in  litters  of  4  and  5  only  3  and  3.3,  respectively,  were 
raised  to  weaning.  Thus  there  is  in  general  much  less  difference  be- 
tween litters  of  4  or  5  than  between  2  and  3  in  this  respect.  The 
growth  curves  (figs.  8  to  12)  for  the  different  litter  sizes  bear  this 
out. 
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The  net  advantage  of  being  born  in  a  litter  of  1,  considering  per- 
centage raised  and  the  weights  at  subsequent  periods,  is  not  so  great 
as  might  be  expected.  In  family  2  such  young  do  show  consistently 
higher  weights  than  the  young  born  in  larger  litters  but  in  the  other 
families  the  advantage  is  not  so  consistent.  In  fact  it  appears  that 
young  in  litters  of  1  make  less  gains  than  young  in  litters  of  2  and  3. 
The  reason  is  probably  to  be  found  in  the  series  of  events  which  are 
responsible  for  the  minimum  litter  size.  A  single  pig  at  birth  may 
be  the  result  of  two  causes :  (1)  only  a  single  ovum  was  fertilized  and 
developed,  and  (2)  of  a  larger  number  of  fertilized  ova  all  except 
one  may  have  been  resorbed  during  the  prenatal  period.  Evidence 
for  the  latter  contention  has  been  found  by  Haines  ^  who  found  16.6 
per  cent  of  corpora  lutea  which  were  not  represented  by  fetuses  at 
birth.  Wright  and  Eaton  {19)  have  reported  that,  in  litters  of  1, 
22.3  per  cent  were  dead  at  birth^,  while  in  litters  of  2  and  3  the 
percentages  of  dead  at  birth  were  14.4  and  17.5,  respectively.  This 
suggests  that  some  weakness  of  the  female  may  have  caused  her  either 
to  produce  but  a  single  ovum  or  to  be  unable  to  nourish  the  several 
embryos  which  began  developing.  Of  course,  the  weakened  condition 
may  have  been  present  in  the  ovum  itself  from  the  start  and  might 
be  expected  to  persist.  In  a  normal  female  a  single  normal  fetus 
would  have  an  advantage  over  the  young  in  a  larger  litter  so  far  as 
opportunity  to  grow  is  concerned,  but  if  the  size  attained  by  the  fetus 
was  too  great,  difficulties  of  parturition  would  enter  and  possibly 
result  in  the  death  of  young.' 

As  will  be  seen  in  Table  2,  the  maximum  difference  in  litter  size 
among  the  five  inbred  families  and  the  control  stock  is  0.4  which 
exists  between  family  13  and  the  B  stock.  The  average  for  all  taken 
together  was  2.69.  There  was  not,  therefore,  a  large  variation  in 
litter  size  and  the  effect  of  the  slight  variations  from  this  shown  by 
the  different  families  necessarily  is  small.  The  writers  have  cor- 
rected the  data  to  the  average  litter  size  of  2.69  by  means  of  a  regres- 
sion formula.  It  is  very  obvious  from  the  size  of  the  correlations 
between  size  of  litter  and  the  weight  at  various  ages  that  correction 
of  weights  after  a  few  months  of  age  can  not  have  much  significance. 
At  birth  this  correlation  averages  —0.61  for  the  five  inbred  families 
but  at  1  year  of  age  it  has  fallen  to  —0.11  and  continues  to  decrease 
slightly  thereafter.  The  weights  of  families  2  and  32  and  the  B 
stock  were  affected  alike,  their  litter  sizes  being  almost  identical. 
Weights  in  families  35,  39,  and  13  were  raised  slightly  but  in  no 
case  did  the  corrections  make  any  difference  in  the  conclusions  which 
could  have  been  drawn  before  the  corrections  were  applied. 

GROWTH  RATE 

The  mature  weight  of  an  animal  is  the  sum  of  birth  weight  and 
all  gains  between  birth  and  maturity.  The  total  gain  is,  ot  course, 
a  function  of  time  and  rate  of  gain.  Rates  vary  and  may  be 
expressed  in  two  ways :  as  an  absolute  change  such  as  15  grams  a  day 
or  on  a  percentage  basis  such  as  12  per  cent  a  week.  In  either  case 
the  weight  at  the  beginning  of  the  period  must  be  known  before  an 

2  Thesis  entitled  "A  Statistical  Study  of  the  Relation  between  Various  Expressions  of 
Fertility  and  Vigor  In  the  Guinea  Pig,"  submitted  in  1929  to  the  faculty  of  the  Uni- 
versity of  Maryland  in  partial  fulfillment  of  the  degree  of  doctor  of  philosophy. 


GENETIC  GROWTH   DIFFERENTIATION    IN   GUINEA  PIGS 


25 


accurate  idea  of  the  rate  of  increase  can  be  formed.  During  prenatal 
life  the  percentage  rate  is  very  high  but  the  actual  change  in  weight 
is,  of  course,  very  small.  As  development  goes  on  the  increase  in 
weight  for  a  given  unit  of  time  increases  but  the  percentage  that  this 
increase  is  of  the  weight  of  the  animal  becomes  less. 

Brody  (7,  ^,  ^,  -i,  16)  has  discussed  growth  rates  rather  fully  and 
has  given  formulas  for  their  calculation.  His  formula  for  the  rela- 
tive rate  per  cent,  which  is  the  one  used  in  this  bulletin,  is  100A?= 

( ^^ZTf ^ )  1^^  i^  which  InW^  and  InW^  are  the  natural  loga- 
rithms of  the  weights  at  ages  ^2  and  ^1,  respectively.  The  shorter  the 
time  interval  t^  —  tx^,  the  more  accurate  will  be  the  value  of  h  because 
the  actual  rate  of  growth  does  not  remain  constant  during  the  entire 

period.    A  derivation  from  this  formula,  ^=-77'  "^^7  be  used  to 

calculate  the  number  of  days  required  to  double  the  weight.  This 
formula  is  strictly  correct  only  if  h  remains  constant  throughout  the 
period.  This  is  rarely  true  since  the  usual  procedure  is  to  take  an 
average  value  for  h  and  it  follows  that  the  value  of  t  is  an  average 
value  which  frequently  disagrees  slightly  with  the  actual  data. 

PERIODS  CONSIDERED 

In  the  writer's  study  of  growth  rates,  the  data  have  been  analyzed 
by  periods  in  each  of  the  families.  The  first  period  was  the  three 
days  after  birth  followed  by  two  10-day  periods  and  thereafter  by 
30-day  intervals  or  multiples  thereof.  As  may  be  seen  in  Table  9  the 
rate  during  the  first  three  days  following  birth  was  particularly  low 
in  family  2  and  was  highest  in  the  B  stock.  During  the  10-day 
period  between  4  and  13  days  the  rates  became  equalized,  however, 
and  for  the  whole  period  from  birth  to  13  daj^s  of  age  the  family  2 
pigs  show  a  growth  rate  more  nearly  that  of  the  other  inbred  families. 
This  equalization  is  due  to  the  fact  that  during  the  period  3  to  13 
days  of  age  the  family  2  pigs  grew  at  a  rate  as  high  as  any  of  the 
other  stocks  including  B. 


Table  9.— Growth  rate  ^  far  different  farmlies  at  different  periods 

Period  (days) 

Interval 

Family  2 

Family  13 

Family  32 

Family  35 

Family  39 

B  stock 

0-3              

Days 
3 
10 

Per  cent 

0.  0139 

.0451 

Per  cent 

0.0281 

.0448 

Per  cent 

0.  0334 

.0426 

Per  cent 

0.0348 

.0435 

Per  cent 

0.  0201 

.0450 

Per  cent 
0  0462 

4-13 

.0445 

0-13          

13 
10 
60 
30 
60 
60 
120 

.0379 
.0264 
.0135 
.0078 
.0038 
.0018 
.0007 

.0410 
.0317 
.0151 
.0071 
.0032 
.0016 
.0008 

.0405 
.0275 
.0131 
.0064 
.0028 
.0018 
.0009 

.0415 
.0316 
.0137 
.0077 
.0031 
.0016 
.0008 

.0392 
.0299 
.0141 
.0080 
.0033 
.0017 
.0007 

.0449 

14^23 

.0303 

24-83           

.0131 

84-113 

.0074 

114-173 

.0039 

174-233                    

.0019 

234-353 

.0010 

0-353         

353 

.0063 

.0066 

.0061 

.0064 

.0064 

.0065 

354-713         

360 

.00026 

.00025 

.00019 

.00027 

.00017 

.00032 

1  Growth  rate  equals  k^^nWi-lnWt^ 

t2—tl 

After  13  days  of  age  there  is  a  rather  sharp  decline  in  the  percent- 
age rates  of  growth.    During  the  10-day  period  from  13  to  23  days 
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families  13  and  35  are  both  slightly  ahead  of  the  B  stock  in  rate  of 
gain.  The  other  families  are  somewhat  lower  and  variable,  family  2 
pigs  showing  the  lowest  rate  of  gain.  In  the  next  period,  which  is 
from  24  to  83  days  of  age,  it  is  important  to  note  that  all  the  inbred 
families  show  as  high  a  growth  rate  as  the  B  stock  or  higher.  The 
period  from  84  to  113  days  shows  about  one-half  the  growth  rate  that 
existed  in  the  preceding  period.  Families  13,  35,  and  B  are  lower 
than  families  39  and  2.  Family  32  shows  the  lowest  rate  of  gain  for 
this  period.  From  this  point  on  the  rates  in  all  the  families  decline 
rather  rapidly  and  the  differences  among  the  families  become  very 
small.  Of  course,  the  average  rate  for  a  long  period,  such  as  a  year, 
is  not  so  reliable  and  important  a  figure  as  the  rates  for  the  shorter 
periods  which  go  to  make  up  the  year.  There  is  still  some  variation 
in  growth  after  a  year,  B  having  the  highest  rate  and  family  35  next. 
Families  39  and  32  have  practically  ceased  while  family  13  still 
shows  some  growth. 

The  points  to  note  especially  in  these  growth  rates  are  that  all  the 
inbred  lines,  especially  family  2,  seem  to  be  slow  in  starting  growth 
during  the  first  three  days  after  birth.  From  4  to  13  days  all  are 
growing  at  about  an  equal  percentage  rate,  family  2  ahead  of  the 
others  apparently  recovering  the  loss  of  the  first  3  days.  From  14 
to  83  days  families  13  and  35  are  exceeding  B  in  growth  rate  and 
from  84  to  113  days  families  39  and  2  are  growing  fastest.  Beyond 
this  period  there  is  a  more  or  less  evening  .up  of  the  growth  rate  with 
B  stock  leading  and  maintaining  considerable  advantage  even  to 
2  years. 

EFFECT  OF  LITTER  SIZE  ON  GROWTH  RATE 

In  the  discussion  of  the  effect  of  litter  size  on  growth  it  was  shown 
that  pigs  born  in  different  litter  sizes  exhibited  some  interesting 
growth  characteristics.  Although  the  differences  were  so  slight  in 
some  instances  as  to  be  of  questionable  significance,  it  is  of  interest 
to  examine  the  growth  rates  for  the  different  litter  sizes.  The  results 
are  shown  in  Table  10.  Tables  9  and  10  may  appear  not  to  agree, 
the  average  of  the  rates  for  the  four  litter  sizes  given  not  checking 
with  the  family  average  in  Table  9.  This  disagreement  is  due  in 
part  to  the  inclusion  of  a  few  litters  of  5  and  6  in  the  averages  given 
in  Table  9  and  partly  to  the  weights  of  the  individual  litter  sizes  at 
13  and  23  days  being  extrapolated  from  the  growth  curves  for  differ- 
ence in  litter  size,  as  actual  figures  were  not  available  for  different 
litter  sizes  at  these  ages.  Therefore,  this  introduces  a  slightly  differ- 
ent figure  for  weight  at  these  ages  than  was  used  in  calculating 
Table  9,  with  a  consequent  change  in  the  growth  rates.  In  general, 
the  rate  rises  from  litters  of  1.  In  the  period  24  to  83  days  there  is 
an  increase  in  growth  rate  from  litters  of  1  upward  to  litters  of  4 
in  every  case.  This  indicates,  then,  that  there  is  a  difference  in  the 
growth  rates  with  a  tendency  for  the  larger  litters  to  catch  up  in 
weight  to  the  smaller  ones.  iJunn  (7)  found  that  rats  tend  to  main- 
tain their  original  weight  relations,  the  lighter  ones  having  a  less 
absolute  average  daily  gain,  but  a  greater  per  cent  gain  relative  to 
their  initial  weight.  The  actual  differences  in  weignt  at  successive 
periods  tend  to  increase,  and  these  facts  hold  for  litters  as  a  whole 
as  well  as  for  individuals. 


GENETIC   GROWTH    DIPPEEENTIATION    IN    GUINEA   PIGS 


27 


Table  10. — Grotvth  rate^  in  different  Utter  sizes  in  inbred  and  control  stocks 
of  guinea  pigs  during  different  periods  from  Urth  to  1  year  of  age 


Litter 
size 

Interval, 
13  days 

Interval, 
10  days 

Interval, 
60  days 

Interval, 
30  days 

Interval, 
60  days 

Interval, 
60  days 

Interval, 
120  days 

stock 

Age,  birth 
to  13  days 

Age,  14  to 
23  days 

Age,  24  to 
83  days 

Age,  84  to 
113  days 

Age,  114 
to  173  days 

Age,  174 
to  233  days 

Age,  234 
to  353  days 

Family: 

2.  

Number 
1 
2 
3 
4 
1 
2 
3 
1 
1 
2 
3 

t 

2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

Per  cent 
0. 0331 
.0345 
.0340 
.0371 
.0377 
.0419 
.0405 
.0422 
.0329 
.0366 
.0348 
.0364 
.0398 
.0407 
.0426 
.0376 
.0380 
.0415 
.0388 
.0438 
.0359 
.0417 
.0439 
.0162 

Per  cent 
0.0231 
.  0242 
.0237 
.0208 
.0276 
.0299 
.0298 
.0304 
.0268 
.0288 
.0292 
.0317 
.0273 
.0282 
.0279 
.0316 
.  0287 
.  0273 
.0271 
.0297 
.0242 
.0277 
.  0287 
.0289 

Per  cent 
0.  0135 
.0144 
.0158 
.0167 
.0114 
.0141 
.0157 
.0162 
.0113 
.0126 
.0146 
.0145 
.0107 
.0133 
.0145 
.0159 
.0^2 
.0133 
.0144 
.0149 
.0119 
.0126 
.0132 
.0134 

Per  cent 
0.  0072 
.0067 
.0078 
.0075 
.0069 
.0066 
.0073 
.0071 
.0064 
.0061 
.0067 
.0069 
.0073 
.0075 
.0076 
.0079 
.0082 
.0077 
.0079 
.0084 
.0048 
.0076 
.0075 
.0088 

Per  cent 
0. 0032 
.0035 
.0035 
.0030 
.0032 
.0031 
.0031 
.0035 
.0024 
.0026 
.0031 
.0029 
.0029 
.0029 
.0034 
.0029 
.0038 
.0031 
.0033 
.0031 
.0038 
.0039 
.0040 
.0039 

Per  cent 
0. 0012 
.0018 
.0017 
.0017 
.0012 
.0016 
.0016 
.0015 
.0016 
.0018 
.0018 
.0019 
.0016 
.0014 
.0017 
.0018 
.0016 
.0016 
.0017 
.0020 
.0019 
.0018 
.0020 
.0019 

Per  cent 
0.0008 

13 

.0008 
.0008 
.0010 
.0009 

32.- 

.0007 
.0008 
.0009 
.0009 

35 

.0009 
.0009 
.0010 
.0007 

39 

.0008 
.0009 
.0006 
.0007 

B  stock 

.0007 
.0007 
.0006 
.0010 

.0008 
.0011 
.0010 

1  Growth  rate  equals  K= 


In  Wi-ln  Wi 
t2-ti 


DOUBLING  OF  WEIGHTS 


The  rate  of  growth  during  the  earlier  periods  is  shown  in  a  dif- 
ferent way  by  the  number  of  days  necessary  for  the  animal  to  double 
its  weight.  With  the  growth  rates  for  the  period  from  birth  to  13 
days,  B  stock  doubles  its  weight  in  15.4  days  while  family  2  requires 
18.3  days.  The  other  families  fall  in  between  these  values,  averaging 
about  IT  days.  These  values  agree  well  with  those  taken  from  the 
growth  curves.  The  next  and  succeeding  periods  do  not  agree  so 
well,  however,  with  the  actual  data,  owing  to  the  fact  that  several 
days  are  covered  by  the  period  in  question.  The  growth  rate  as 
expressed  is  only  the  average  for  the  whole  period,  and  this  does  not 
represent  the  actual  condition,  because  of  the  fact  that  during  the 
first  few  days  the  rate  is  much  greater  than  during  the  last  few  days 
of  the  period.  This  makes  the  actual  time  for  doubling  the  weight 
greater  than  the  calculated  time,  varying  as  greatly  as  from  7  to  20 
days  for  the  period  from  13  to  23  days  and  much  more  for  later 
periods. 

In  spite  of  the  varying  birth  weights  and  the  varying  rates  of 
growth,  there  seems  to  be  a  limit  to  the  w^eight  which  an  animal  can 
attain.  This  limit  may  be  expressed  as  the  number  of  doublings  in 
weight.  Maligonov  (i^),  quoting  from  Rubner,  has  given  interest- 
ing data  on  the  number  of  prenatal  and  postnatal  doublings  of  weight 
in  several  animals.  For  the  guinea  pig  he  gives  3.58  doublings  in 
weight  during  post-embryonic  life  agreeing  well  with  the  results 
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S resented  from  the  present  data  which  show  an  average  of  3.31 
oublings.  (Table  11.)  The  apparent  reason  for  the  larger  figure 
found  by  Kubner  seems  to  be  in  the  fact  that  his  average  birth 
weights  were  only  50  grams  while  those  of  the  present  data  are  over 
77  grams  for  all  families  taken  together.  He  gives  the  adult  weight 
as  600  grams  while  the  pigs  in  the  present  data  reach  600  grams 
weight  at  from  4  to  6  months  of  age  and  make  at  least  100  grams 
greater  growth  by  the  time  they  have  reached  a  year  of  age.  The 
gestation  period  is  given  as  1.97  months,  which  is  only  59  days,  while 
the  present  records  give  67  days  as  the  average  gestation  period  with 
no  young  born  alive  under  62  days.  In  the  data  here  presented 
family  13  shows  the  greatest  adult  weight  in  proportion  to  birth 
weight,  doubling  its  birth  weight  3.43  times,  while  B  stock  comes  next 
with  3.39  doublings.  Family  35  comes  close  behind  B  stock,  then 
families  39  and  2,  about  equal,  and  family  32  much  lower,  doubling 
only  3.15  times. 

Table  11. — Days  to  double  the  'birth  weight  and  number  of  doublings  in  weight 
from  Mrth  to  maturity  in  lines  of  guinea  pigs 


Item 

Family  2 

Family  13 

Family  32 

Family  35 

Family  39 

B  Steele 

Days  to  double  birth  weight 

Number  of  doublings  to  maturity.  1.-- 

18.3 
3.26 

16.9 
3.43 

17.1 
3.16 

16.7 
3.34 

17.7 
3.29 

15.4 
3.39 

It  is  a  question  just  what  to  regard  as  adult  weight  as  all  families 
show  growth  to  2  years  of  age.  In  this  bulletin  the  data  have  been 
expressed  as  percentage  of  the  2-year  weight.  Whatever  age  is 
selected,  the  weight  at  that  time  is  practically  a  constant  percentage 
of  the  2-year  weight  for  all  the  families.  Thus  at  23  days  20  per 
cent  of  the  2-year  weight  is  reached,  at  33  days,  25  per  cent,  at  3 
months  50  per  cent,  and  so  on.  At  a  year  all  families  have  reached 
practically  91  per  cent  of  their  2-year  weight.  These  data  are  shown 
in  Table  12. 

Table  12. — Percentage  of  2-year  weight  reached  at  certain  ages  in  different 
lines  of  guinea  pigs  after  correcting  for  size  of  litter 


Age  (days) 

Approxi- 

imate 

fraction 

of  2-year 
weight 

Family  2 

Family  13 

Family  32 

Family  36 

Family  39 

B  Stock 

Birth                      

Ho 

y* 

n 

Ho 

Per  cent 
9.79 
23.02 
37.36 
61.44 
75.93 
86.02 
91.17 
94.74 
97.07 
98.91 

Per  cent 
9.00 
24.64 
39.  52 
63.64 
76.98 
86.74 
91.63 
94.62 
96.84 
98.74 

Per  cent 
10.77 
27.22 
41.70 
64.74 
76.16 
86.76 
92.66 
96.67 
97.92 
99.37 

Per  cent 
9.36 
24.61 
38.  7f 
62.77 
76.70 
86.02 
90.92 
94.07 
96.61 
98.94 

Per  cent 
9.83 
24.85 
39.96 
64.38 
79.59 
89.68 
94.14 
97.15 
97.37 
97.69 

Percent 
8.05 

33 

24.31 

53 

35.86 

83 

46.73 

173 

70.81 

263 

82.65 

353 

88.88 

443. 

92.05 

633 

96.76 

623 

97.06 
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Families  32  and  39  show  a  higher  percentage  of  their  2-year 
weight  at  all  ages  than  do  the  other  families.  This  is  perhaps 
shown  better  in  Table  4.  From  the  very  beginning  it  is  seen  that 
at  18  and  21  days  families  32  and  39,  respectively,  have  reached  20 
per  cent  of  their  2-year  weight,  while  the  other  families  reached  it 
at  22  days.  These  continued  ahead  of  the  other  families  up  to  60 
per  cent  of  their  2-year  weight. 

This  seems  to  contradict  the  fact  that  these  lightweight  families 
have  slower  growth  rates  than  the  heavyweight  families.  The  ex- 
planation lies  in  the  fact  that  there  is  less  variation  in  the  birth 
weight  among  the  different  lines  than  there  is  in  their  2-year 
weight.  The  birth  weight  in  the  light  lines,  while  a  few  grams  less 
than  the  birth  weight  in  the  heavy  lines,  therefore,  represents  a 
larger  percentage  of  the  2-year  weight,  which  varies  from  200  to  300 
grams  lower  than  the  corresponding  weight  in  the  heavy  families. 
The  actual  gain  in  grams  between  definite  day  periods  may  be  much 
smaller  than  for  the  corresponding  period  in  a  heavy  family,  but 
the  weight  at  the  close  of  the  period  is  a  higher  percentage  of  the 
small-adult  weight  than  the  slightly  higher  weight  of  the  heavy 
family  is  at  this  time  of  its  higher  adult  weight. 

DISCUSSION   OF   RESULTS   AND   THEIR   APPLICATION 

The  separation  and  control  of  growth  rate  by  genetic  method 
is  an  accomplishment  of  importance  not  only  because  of  the  contri- 
bution to  knowledge  concerning  a  particular  species  but  also  because 
of  the  possible  applications  which  may  be  made  with  other  species. 
The  differences  in  percentage  of  monthly  decline  in  growth  (Table 
9)  which  have  been  brought  out  represents  what  can  be  expected  to 
happen  when  long-continued  inbreeding  without  selection  is  prac- 
ticed with  ordinary  guinea  pigs.  The  word  "  ordinary "  is  used 
because  the  original  stock  from  which  the  first  matings  were  made 
was  a  mixture  so  far  as  genetic  constitution  was  concerned.  It  is 
quite  possible  that  much  greater  differences  than  the  writers  have 
found  could  be  easily  obtained,  especially  if  the  stock  were  carefully 
selected.  There  are  much  greater  differences  in  mature  weight 
among  guinea  pigs  than  the  writer's  data  have  shown.  Brody 
(3),  working  with  Castle's  figures,  compared  several  strains  and 
some  species  and  showed  that  the  mature  weight  may  vary  from 
333  to  1,300  grams  and  the  value  of  k  from  0.198  to  0.434,  the  larger 
individuals  having  the  smaller  values  of  k.  This  means  relatively 
large  differences  in  rate  of  maturity.  In  the  present  study  the 
mature  weights  varied  from  690  to  910  grams  and  the  values  of  k 
from  0.1980  to  0.2705.  (Table  13.)  Brody  (S)  found,  from  data 
furnished  by  Wright,  the  following  values:  Mature  weight,  810 
grams,  Z?=0.249  and  t=2.1.  These  values  agree  very  well  with 
similar  data  for  the  five  inbred  families  and  control  stock  used  in 
the  present  study.  (Table  13.)  The  writers'  value  of  t  is  slightly 
greater  because  of  the  fact  that  the  period  between  conception  and 
birth  was  67  days  in  the  present  data  whereas  it  was  63  days  in  the 
data  used  by  Brody.  It  will  be  noted  that  in  general  the  larger 
the  value  of  k  the  lower  is  the  mature  weight. 
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Table  13. — Constanta  ^for  Brody's  curves  {after  correcti(m  for  litter  size) 


Stock 

Mature 
weight 

t 

B 

k 

Stock 

Mature 
weight 

t 

B 

k 

Family: 
2 

Or  aim 
690 
850 

685 

2.23 
2.23 
2.23 

1,  110 
1,449 
1,107 

0.2141 
.2399 
.2158 

Family: 

35._ 

39 

Grams 
800 
700 
910 

2.23 
2.23 
2.23 

1,364 
1,277 
1,413 

a2367 

13 

.2706 

32 

B  stock 

.1980 

PRACTICAL  ASPECTS 


These  results  have  a  practical  aspect  if  it  can  be  assumed  that 
similar  differences  could  be  obtained  in  other  animals  by  inbreeding. 
The  advantage  would  be  largely  one  of  early  maturity.  For  pur- 
poses of  illustration  one  may  take  the  extreme  cases  relative  to  ma- 
turity in  the  foregoing  data.  Family  39  pigs  reached  90  per  cent  of 
their  mature  weight  in  262  days  whereas  the  control  stock  B  pigs 
required  375  days  to  reach  the  same  percentage  of  their  mature 
weight.  This  is  a  great  difference,  but  not  of  so  much  interest  in  a 
practical  way  as  is  the  difference  in  time  required  to  reach  one-half 
the  mature  weight  for  the  reason  that  modern  market  demands  are 
for  animals  which  have  reached  only  a  fraction  of  their  potential 
mature  weight.  Beef  steers,  for  instance,  go  to  the  slaughterhouse 
when  they  have  reached  only  about  one-half  or  less  of  the  2,435 
pounds  which  Brody  (5),  working  with  a  group  of  Missouri  steers, 
has  shown  as  the  mature  weight.  Hence  it  is  advisable  to  center 
attention  on  the  differences  between  extreme  groups  at  the  time  they 
reach  about  one-half  of  their  mature  weights.  In  Table  4  it  is  seen 
that  family  39  pigs  reach  50  per  cent  of  their  mature  weight  in  80 
days  from  birth  whereas  it  takes  B-stock  pigs  97  days  to  reach  50 
per  cent  of  their  mature  weight.  This  is  an  advantage  of  17  days. 
By  means  of  a  graph  with  the  proper  age  equivalents,  it  can  be  shown 
that  this  would  amount  to  much  more  in  the  case  of  beef  steers. 

Before  attempting  this  comparison,  which  is  open  to  some  ques- 
tion with  the  present  stage  of  knowledge  of  the  genetics  of  beef 
animals,  there  is  another  point  to  be  considered,  namely,  that  of 
weight.  Although  the  family  39  pigs  do  have  an  advantage  in  reach- 
ing half  their  mature  weight  17  days  earlier  than  the  B-stock  pigs, 
the  same  can  not  be  said  of  the  weights.  Family  39  pigs  have  a 
2-year  weight  of  about  700  grams  as  compared  to  about  910  grams 
for  the  B-stock  pigs.  (Table  2.)  Furthermore,  the  B-stock  pigs  at 
40  per  cent  of  their  mature  weight  are  actually  heavier  than  are  the 
family  39  pigs  at  50  per  cent  of  their  mature  weight.  Thus  the 
B-stock  pigs  reach  a  weight  of  about  364  grams  at  69  days  whereas 
family  39  pigs  reach  a  weight  of  about  350  grams  at  80  days.  From 
the  standpoint  of  both  weight  and  time,  therefore,  it  is  apparent 
that  the  B-stock  pigs  are  very  much  superior.  Assuming  that  two 
strains  of  beef  steers  comparable  in  their  growth  characteristics  to 
these  two  lines  of  guinea  pigs  were  available,  a  similar  situation 
would  probably  be  true  although  the  time  and  weight  differences 
would  be  much  greater  in  actual  units. 

The  value  of  the  differences  which  have  been  brought  out  lies  in 
the  value  which  differences  in  rate  of  maturity  can  have  rather  than 
in  actual  pounds  of  gain  during  a  unit  of  time.    A  family  39  guinea 
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pig  of  500  grams  weight  is  not  comparable,  from  the  meat  stand- 
point, with  a  B-stock  pig  of  the  same  weight,  because  they  are  of 
different  ages.  The  train  of  physiological  changes  which  go  with  the 
attainment  of  maturity  is  different  in  the  two.  The  one  has  passed 
through  its  period  of  most  rapid  growth  and  is  slowly  going  through 
changes  which  are  to  result  in  the  finish  of  the  mature  animal  while 
the  other  is  still  growing  very  rapidly  and  is  still  far  from  the  ma- 
ture weight.  With  the  modern  market  trends  toward  smaller  and 
smaller  cuts,  however,  it  is  open  to  question  whether  the  animal 
which  is  nearer  maturity  at  low  weight  may  not  be  the  more  desir- 
able one  after  all.  Condition  and  finish  have  an  important  influence 
in  determining  the  quality  of  meat,  and,  of  course,  the  price  that 
it  will  command  on  the  market.  An  animal  of  slow  maturity  but  of 
large  size  is  not  so  desirable  as  one  of  smaller  size  but  of  more  rapid 
maturity  when  the  demand  is*  for  small  cuts.  The  slow-maturing, 
larger  animal  will  probably  make  the  greater  gains  to  all  ages  but 
the  difficulty  of  obtaining  the  proper  finish  on  an  animal  which  is 
still  growing  very  rapidly  is  one  which  works  to  its  disadvantage. 

If  all  the  different  rates  of  maturity  in  beef  cattle  could  be  iso- 
lated by  breeding,  it  is  probable  that  neither  the  most  rapid  nor  the 
least  rapid  maturing  strains  would  best  meet  the  needs.  The  one 
would  probably  be  too  small  while  the  other  would  be  difficult  to 
finish  at  the  desired  weight.  It  is  still  unknown  just  what  magni- 
tude of  potential  differences  in  rate  of  maturity  exists  among  our 
beef  stock,  but  there  is  no  doubt  that  there  are  differences.  Data 
are  lacking,  but  it  is  well  known  among  livestock  men  that  there 
have  existed  strains  of  stock  which  were  characterized  by  early 
maturity.  These  animals  made  very  satisfactory  gains  up  to  a 
certain  age  and  then  slowed  down  and  did  not  reach  a  great  weight 
no  matter  how  long  they  were  kept.  Such  a  characteristic  was 
observed  among  some  of  the  descendants  of  the  Shorthorn  sire, 
Cumberlands  Last.  It  does  not  seem  illogical  to  assume,  therefore, 
that  similar  accomplishments  to  what  have  been  demonstrated  with 
guinea  pigs  can  be  obtained  with  some  of  the  classes  of  livestock. 
The  method  of  close  breeding,  selection,  and  ruthless  discarding 
which  is  necessary  to  accomplish  the  desired  end  is  so  expensive 
and  time  consuming  that  with  cattle  it  appears  to  be  almost  pro- 
hibitive in  a  system  of  economic  animal  husbandry.  The  decrease 
in  vigor  which  usually  follows  extensive  use  of  inbreeding  may  and 
probably  will  in  most  cases  result  in  stock  less  able  to  put  on  gains 
than  the  noninbred  stock.  The  foregoing  data  have  shown,  how- 
ever, that  it  is  possible  to  have  an  intensely  inbred  line  of  guinea 
pigs  which  are  superior  in  gains  at  an  important  period  of  their 
life  to  either  outbred  stock  or  to  the  crosses  between  inbred  lines. 
How  great  is  the  possibility  of  the  same  beiiig  true  in  other  species 
is  largely  a  speculation  at  the  present  time. 

GENETIC  COMPLEXITY  OF  GROWTH 

The  fact  that  rate  of  gain  and  rate  of  maturity  are  probably 
controlled  in  their  genetic  aspect  by  a  large  number  of  factors  or 
genes  which  are  independent  of  other  factors  which  affect  different 
characters  of  the  animal  makes  the  situation  very  complex.  Litter 
size  in  polytocous  animals,  frequency  of  litter,  mortality  both  before 
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and  after  weaning,  and  abnormalities  have  been  shown  by  Wright 
(17)  to  be  affected  by  genetic  factors  and  to  be  independent  of 
gains.  Thus  there  is  about  as  much  chance  of  getting:  the  factors 
for  high  rate  of  gain  associated  with  low  as  with  high  fertility. 
The  data  give  a  very  good  illustration  of  this  point.  The  most 
rapid-maturing  family  39  is,  from  the  economic  standpoint,  a  very 
undesirable  group.  Those  pigs  have  large  litters  but  nave  them  so 
seldom  and  raise  so  few  of  the  young  that  propagation  is  attained 
only  with  the  greatest  difficulty.  Economically  a  strain  of  cattle 
witn  these  characteristics  would  be  almost  a  total  loss.  Family  13, 
which  has  the  highest  growth  rate  of  all  the  lines  up  to  4  months, 
is  afflicted  with  the  production  of  a  high  percentage  of  young  which 
possess  an  abnormality  (otocephaly)  of  the  lower  jaw  and  head  and 
generally  are  born  dead.  Familv  2,  gn  the  other  hand,  has  frequent 
although  small  litters,  raises  a  large  percentage  of  the  young,  and 
is  therefore  easy  to  propagate.  In  size  of  the  mature  animals  and 
in  rate  of  maturity  it  ranks  fourth  among  the  inbred  families.  It 
represents,  therefore,  the  most  desirable  of  the  families  from  the 
economic  point  of  view.  Whether  through  crossing  and  subse- 
quent selection  of  segregates,  a  higher  rate  of  gain  and  greater  ma- 
ture weight  could  be  combined  with  the  fertility  of  family  2  has 
not  been  proved  experimentally.  Theoretically  it  could  be  done, 
since,  so  far  as  is  known,  there  is  no  linkage  between  the  factors 
affecting  fertility  and  those  which  are  responsible  for  the  differences 
in  rate  of  gain  which  have  been  observed.  With  several  factors 
affecting  each  of  the  characters  and  their  recognition  rather  obscure, 
the  problem  of  combining  the  desirable  and  eliminating  the  unde- 
sirable ones  is  one  which  can  be  solved  only  by  the  use  of  large 
numbers  of  individuals.  Man  has  no  control  over  the  segregation 
and  recombination  of  the  genes  in  the  germ  cells  and  must  resort 
to  the  selection  of  the  good  and  the  avoidance  of  the  poor 
combinations. 

The  data  dealing  with  crosses  between  families  having  different 
rates  of  growth  are  too  scanty  to  allow  the  formulation  oi  a  genetic 
explanation  of  the  results.  It  appears  at  first  sight  as  though  family 
13  may  be  carrying  several  dominant  factors  and  family  2  several 
recessive  factors  for  growth  since  the  growth  curve  of  the  first- 
generation  hybrids  between  these  two  families  practically  coincides 
with  that  of  family  13.  In  the  second  generation,  however,  there  has 
not  been  observed  yet  any  indication  of  segregation  although  the 
number  of  Fg  pigs  has  been  small.  It  seems  probable  that  multiple 
factors  are  concerned,  as  has  been  suggested  in  size  inheritance  in 
rabbits  by  MacDowell  (J2)  and  Phillips  (16)  in  ducks.  Castle  and 
Wright  (6)  believe  that  general  factors  rather  than  special-size 
factors  are  responsible  for  size  inheritance  in  rabbits.  Eckles  and 
Swett  (8)  regard  the  growth  impulse  as  being  imparted  with  the 
union  of  the  germ  cells.  This  inherent  growth  impulse  makes  it 
possible  for  the  organism  to  attain  a  certain  average  maximum  size 
beyond  which  it  can  not  grow.  However,  the  size  which  the  animal 
does  attain  within  this  limit  is  influenced  by  environment  and  nutri- 
tion during  the  growth  period.   This  point  is  well  illustrated  by  the 
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writers'  inbred  families  of  guinea  pigs  each  of  which  has  a  certain 
mean  2-year  weight.  There  are  marked  fluctuations  from  this  mean 
due  to  variations  in  the  environment  and  the  nutrition  during  the 
growth  period.  This  will  always  be  so  regardless  of  how  extensive 
our  knowledge  of  the  genetics  of  growth  becomes  because  variations 
in  the  complex  character  which  we  call  growth  are  determined  only 
to  a  relatively  slight  degree  by  genetic  factors.  The  control  of  these 
factors  brings  about  a  decrease  in  weight  variations  however  and  is 
therefore  a  matter  of  considerable  importance  in  the  breeding 
program. 

The  writers  have  observed  that  in  crossing  inbred  strains  which 
differ  greatly  in  weight  there  is  a  distinct  advantage  to  be  gained 
by  selecting  the  females  from  the  heavier  strain.  Birth  and  weaning 
weights  are  greatly  influenced  by  the  dam  and  it  appears  from  results 
in  crossing  heavy  and  light  strains  of  guinea  pigs  that  this  influence 
persists  even  to  2  years  of  age.  As  is  shown  in  Figure  5,  the  pigs 
from  the  family  13  X  family  2  cross  which  had  a  family  13  dam  are 
from  30  to  40  grams  heavier  from  33  days  to  1  year  than  the  young 
which  had  a  family  2  dam.  This  is  a  practical  breeding  point  of  con- 
siderable importance  when  one  considers  that  the  advantage  might 
amount  to  between  10  and  15  per  cent  increase  in  weight. 

There  is  one  very  important  aspect  of  animal  breeding  which  the 
writer's  data  do  not  throw  any  light  upon,  namely,  the  correlated 
changes  which  go  to  make  up  conformation,  or  the  proportions  of 
the  different  parts  of  the  body.  The  writer's  data  consist  only  of 
weight  and  do  not  tell  anything  of  the  proportions  which  go  to  make 
up  this  weight.  No  matter  how  great  the  weight  differences  which 
are  segregated  by  genetic  means,  the  accomplishment  may  not  be  an 
important  one  from  the  economic  standpoint  because  the  value  of 
an  animal  for  meat  may  be  independent  of  the  size.  Furthermore, 
size  is  a  quantitative  character  which  changes  with  age  and  this 
change  is  accompanied  by  many  correlated  changes  of  the  different 
parts.  Early  maturity  means  not  only  weight  for  age  but  a  rapid 
change  in  proportion  of  bone,  muscle,  and  fat  between  birth  and 
the  age  at  which  the  animal  is  considered  to  have  reached  market 
maturity. 

It  is  not  especially  surprising  that  the  accumulated  data  dealing 
with  the  genetic  basis  for  size  and  maturity  strongly  indicate  a 
multiple-factor  condition.  In  fact,  there  appear  to  be  so  many  fac- 
tors involved  that  in  crosses  there  appears  to  be  continuous  varia- 
tion with  no  sharp  segregation.  The  present  data  are  not  extensive 
enough  to  give  indications  of  the  possibilities  of  progress  by  Men- 
delian  recombinations,  but  on  the  basis  of  what  is  known  it  seems 
certain  that  progress  must  be  exceedingly  slow  until  a  means  of  de- 
tecting the  presence  of  genetic  factors  which  influence  growth  and 
conformation  is  developed.  With  our  present  knowledge  of  the 
subject,  the  best  plan  of  progress  appears  to  be  selection  in  the 
optimum  environment,  not  only  as  regards  nutrition  but  management 
as  well,  with  particular  emphasis  upon  the  sex  in  which  the  char- 
acter is  best  developed,  followed  by  inbreeding  to  the  parent  in 
which  the  character  is  most  pronounced. 
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SUMMARY  AND  CONCLUSIONS 

In  studies  of  five  inbred  families  and  a  control  stock  of  guinea 
pigs,  family  differences  in  the  weights  from  birth  to  2  years  of  age 
have  been  observed. 

The  growth  of  guinea  pigs  from  birth  to  maturity  may  be  divided 
into  several  periods  determined  by  varying  growth  rates.  The  rates 
differ  among  families  and  are  affected  by  size  of  litter.  One  inbred 
family  has  a  more  rapid  rate  of  growth  up  to  4  months  of  age  than 
any  of  the  other  families  and  the  control  stock. 

Some  of  the  lines  show  considerable  difference  in  the  age  at  which 
a  certain  percentage  of  the  mature  weight  is  reached.  In  general, 
the  greater  the  mature  weight  the  longer  is  the  time  required  to  reach 
a  given  percentage  of  this  weight. 

The  six  lines  divide  themselves  roughly  into  two  groups  on  the 
basis  of  mature  weight.  The  control  stock  B  is  heaviest  and  is  closely 
followed  by  families  13  and  35  to  form  the  heavy  group.  Families 
2,  32,  and  39  form  the  lightweight  group. 

Crosses  between  the  lightweight  families  result  in  marked  increase 
in  growth  and  weight  among  the  young.  Crosses  between  heavy- 
weight and  lightweight  families  result  in  young  whose  growth  curve 
approaches  or  coincides  with  that  of  the  heavyweight  family. 
Crosses  between  two  heavyweight  families  do  not  result  in  any  sig- 
nificant improvement  in  growth  up  to  1  year  over  that  shown  by 
the  parent  lines.  It  is  significant  that  the  pigs  in  the  heaviest  inbred 
family  are  superior  in  weight  up  to  4  months  of  age  to  the  young 
either  from  crosses  between  inbred  lines  or  the  control  stock.  The 
effect  of  crossing  seems  to  persist  into  the  second  generation  with 
no  clear  indication  of  segregation. 

In  crosses  between  heavyweight  and  lightweight  families,  there  is 
a  noticeable  difference  in  the  weight  or  the  young,  depending  on 
whether  the  dam  belongs  to  the  heavyweight  or  to  the  lightweight 
family.  Pigs  from  the  heavy-family  dams  are  considerably  heavier, 
even  to  2  years  of  age,  than  those  from  the  light-family  dams  crossed 
with  heavy  family  males. 

Variations  in  weight  at  different  ages  have  been  shown  to  be  lower 
among  the  homozygous  inbred  lines  than  in  the  control  stock.  The 
decrease  brought  about  by  inbreeding  was  about  40  per  cent. 

With  relation  to  the  possible  economic  value  of  the  results,  if 
applied  in  livestock  breeding,  it  appears  that  rate  of  maturity  can  be 
altered  by  breeding.  The  fast-maturing  animal  is  usually  much 
smaller  than  the  slow-maturing  one.  In  order  to  attain  early  ma- 
turity some  weight  has  to  be  sacrificed.  It  appears,  however,  that 
the  ease  with  which  the  early  maturing  animal  would  put  on  finish 
would  more  than  compensate  for  the  decrease  in  actual  weight. 

Genetic  factors  which  affect  growth  are  probably  independent  of 
genetic  factors  affecting  fertility,  mortality,  and  monstrosities,  and 
the  problem  of  selecting  and  fixing  rate  of  gain  and  maturity  is  made 
very  complex.  Illustrations  are  ^iven  of  the  fixation  of  a  poor  com- 
bination of  factors  affecting  fertility  and  mortality  with  factors  for 
early  maturity. 

Close  breeding  and  selection  under  conditions  of  optimum  nutrition 
and  environment  seem  to  be  the  only  methods  by  which  differences 
in  rate  of  gain  and  maturity  can  be  brought  to  light  and  fixed. 


GENETIC  GROWTH  DIFFERENTIATION   IN   GUINEA  PIGS  35 

LITERATURE  CITED 

(1)  Beody,  S. 

1927.  growth  and  deveix)pment  with  special  reference  to  domestic 
animals.  growth  rates,  their  evolution  and  significance. 
Missouri  Agr.  Expt.  Sta.  Research  Bui.  97,  70  p.,  illus. 

(2)  

1927.  GROWTH  AND  DEIVELOPMENT  WITH  SPECIAL  REZFEHIENCE  TO  DOMESTIC 
ANIMALS.      GROWTH    RATES    DURING   THE    SELF-ACCELERATING   PHASE 

OF  GROWTH.  Missouri  Agr.  Expt.  Sta.  Research  Bui.  98,  34  p., 
illus. 

(3)  

1927.  GROWTH  AND  DEVELOPMENT  WITH  SPECIAL  REFERENCE  TO  DOMESTIC 
ANIMALS.      GROWTH  RATES   DURING  THE   SELF-INHIBITING  PHASE  OF 

GROWTH.    Missouri  Agr.  Expt.  Sta.  Research  Bui.  101,  26  p.,  illus. 

(4)  

1927.  GROWTH  AND  DEVELOPMENT  WITH  SPECIAL  REFERENCE  TO  DOMESTIC 
ANIMALS.     EQUIVALENCE  OF  AGE  DURING  THE  SELF-INHIBITING  PHASE 

OP  GROWTH.  Missouri  Agr.  Expt.  Sta.  Research  Bui.  102,  47  p., 
illus. 

(5)  Castle,  W.  E. 

1924.  DOES  THE  INHERITANCE  OF  DIFFERENCE  IN  GENEIBAL  SIZE  DEPEND  UPON 

GENERAL  OR  SPECIAL-SIZE  FACTORS?  Natl.  Acad.  Sci.  Proc.  10: 
19-22. 

(6)  and  Wright,  S. 

1916.    STUDIES    OF    INHERITANCE    IN    GUINEA    PIGS    AND    RATS.       192    p.,    lUUS. 

Washington,  D.  C.     (Carnegie  Inst.  Wash.  Pub.  241.) 

(7)  Dunn,  E.  H. 

1908.  a  study  in  the  gain  in  weight  for  the  light  and  heavy  indi- 
VIDUALS OF  A  SINGLE  GROUP  OF  ALBINO  RATS.  Anat.  Rec.  2: 
109-111. 

(8)  EcKLES,  C.  H.  and  Swett,  W.  W. 

1918.    SOME  FACTORS   INFLUENCING  THE  RATE  OF  GROWTH   AND  THE  SIZE  OF 

DAIRY  HEIFERS  AT  MATURITY.  Missouri  Agr.  Expt.  Sta.  Research 
Bui.  31,  56  p.,  illus. 

(9)  Heuser,  C.  H.,  and  Streeter,  G.  L. 

1929.  EARLY  stages  IN  THE  DEVELOPMENT  OF  PIG  EMBRYOS,  FROM  THE 
PERIOD    OF     INITIAL    CLEAVAGE    TO    THE    TIME     OF    APPEARANCE    OF 

LIMB-BUDS.  29  p.  Washington,  D.  O.  (Carnegie  Inst.  Wash. 
Pub.  394.) 

(10)  King,  H.  D. 

1918.  studies  in  inbreeding.    i.  the  effect  of  inbreeding  on  growth 

and  variability  in  body  weight  of  the  albino  rat.  jour. 
Expt.  Zool.  26:1-54,  illus. 

(11)  

1919.  STUDIES   IN   INBREEDING.      IV.  A   FURTHER   STUDY   OF  THE  EFFECTS   OF 

INBREEDING  ON  GROWTH  AND  VARIABILITY  IN  THE  BODY  WEIGHT 
OF  THE  ALBINO  RAT.      JOUT.   Expt.   Zool.  29 :  71-111,   illUS. 

(12)  MacDowell,  E.  C. 

1914.  SIZE  IN  INHERITANCE  IN  RuVBBiTS.    55  p.,  illus.    Washington,  D.  C. 
(Carnegie  Inst.  Wash.  Pub.  196.) 

(13)  Maligonov,  a.  a. 

1925.  [the  rate  of  increase  in  the  weight  of  the  animal  organism 

at  different  periods  in  relation  to  the  size  of  the  growing 
MASS.]  Trudy  Kuban  Selsk.  Khoz.  Inst.  (Arb.  Kuban  Landw. 
Inst.)     3:  151-157.     [In  Russian.] 

(14)  Minot,  C.  S. 

1891.  SENESCENCE  AND  REJUVENATION.     Jour.  Pliysiol.  12 :  97-153,  illus. 

(15)  Phillips,  J.  C. 

1912.  SIZE  INHERITANCE!  IN  DUCKS.     JouF,  Expt.  Zool.  12:  369-380. 

(16)  Ragsdale,  a.  C,  Elting,  E.  C,  and  Brody,  S. 

1926.  GROWTH    and    DEVELOPMENT    WITH    SPECIAL    REFERENCE    TO    DOMESTIC 

ANIMALS.  QUANTITATIVE  DATA,  Mlssouri  Agr.  Expt.  Sta.  Re- 
search Bui.  96;  1-S2,  illus. 


36        TECHNICAL  BULLETIN   2  22,  U.  S.  DEPT.  OF  AGRICULTTJBE 

.'(17)  Weight,  S. 

1922.  effects    of    inbreeding    and    cbossbbeeding    on    guinea    pigs. 

DnFEBEWTIATlON  AMONG  INBRED  FAMILIES.      U.  S.  Dept.  AgT,  Bul. 

1090:  37-63. 


(18) 


1922.   THE    EFFECTS    OP    INBREEDING    AND    CROSSBREEDING    ON    GUINEA    PIGS. 
CROSSES    BETWEEN    HIGHLY    INBRED    FAMILIES.       U.    S.    Dept.    AgT. 

Bul.  1121,  60  p.,  illus. 
(19)  and  Eaton,  O.  N. 

1929.   THE   PERSISTENCE   OP    DIFFERENTIATION    AMONG    INBRED   FAMILIES    OF 

GUiNE.\.  PIGS,    U,  S.  Dept.  Agr.  Tech.  Bul.  103,  46  p.,  illus. 


U.  S.  GOVERNMENT  PRINTING  OrFICE:  It3l 


ORGANIZATION  OF  THE  UNITED  STATES   DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretarp  of  Agriculture Arthur  M.  Hyde. 

Assistant  Secretary R.  W.  Dunlap. 

Director  of  Scientific  Work A.  F.  Woods. 

Director  of  Regulatory  Work Walteii  G.  Campbell. 

Director  of  Extension  Work C.  W.  Warburton. 

Director  of  Pprsotmel  and  Business  Admin  is-    W.  W.  Stockbbrger. 
tration. 

Director  of  Information M.  S.  Eisenhower. 

Solicitor E.  L.  Marshall, 

Weather  Bureau Charles  F.  Marvin,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief. 

Forest  Service R.  Y.  Stuart,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Clvief. 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Bureau  of  Biological  Survey Paul  G.  Redington,  Chief. 

Bureau  of  PuMio  Roads Thomas  H.  MaoDonald,  Chief. 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Plant  Quarantine  and  Control  Administration^  Lee  A.  Strong,  Chief. 

Orain  Futures  Administration J.  W.  T.  Ditv^el,  Chief. 

Food  and  Drug  Administration Walter  G.  Campbell,  Director  of 

Regulatory  Work,  in  Charge. 

Office  of  Experiment  Stations ,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Library Claribel  R.  Barnettt,  Librarian. 


This  bulletin  is  a  contribution  from 

Bureau  of  Animal  Industry John  K.  Mohler,  Chief. 

Animal  Husbandry  Division E.  W.  Sheets,  Chief 


Technical  Bulletin  No.  223 


February,  1931 


REPRODUCTION 

ON  PULPWOOD  LANDS 

IN  THE  NORTHEAST 


BY 


MARINUS  WESTVELD 

Silviculturist,  Northeastern  Forest  Experiment  Station 
Forest  Service 


United  States  Department  of  Agriculture,  Washington,  D.  C. 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.  C.        --------        Price  20  cents 


Technical  Bulletin  No.  223 


February,  1931 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


REPRODUCTION  ON  PULPWOOD  LANDS 
IN  THE  NORTHEAST 

By  Makinus  Westveld 
Silviculturist,  Northeastern  Forest  Experiment  Station,^  Forest  Service 


CONTENTS 


Page 

Introduction 1 

The  spruce  forests 3 

Spruce-flat  type 3 

Spruce-hardwoods  type 3 

Spruce-slope  type 4 

Spruce-swamp  type... 4 

Old  field-spruce  type 5 

Methods  of  study 5 

Results  of  past  and  present  cutting  methods.  _.  6 

Reproduction  in  the  original  stand 9 

Reproduction  following  cutting 10 

Factors  affecting  the  quantity  of  advance  re- 
production  10 

Forest  type 10 

Stand  composition 18 

Logging  damage 21 

Factors  affecting  the  composition  of  advance  re- 
production  22 

Cutting  in  the  various  spruce  types 22 

Soils 27 

Exposure 29 

Seed'bed  conditions 30 


Factors  affecting  the  development  of  the  new 

stand 33 

Competing  growth 34 

Effect  of  competing  hardwoods  on  height 

growth  of  spruce  seedlings 37 

Relative  rates  of  growth  of  red  spruce  and 

balsam  fir  seedlings 39 

Effect  of  size  and  age  of  seedling  on  height 

growth 40 

Slash  disposal-. 43 

Summary 48 

Abundance  of  reproduction.. 48 

Hardwood  competition 49 

Spruce  V.  fir  in  new  stands 49 

Seed-bed  conditions 50 

Seedling  development 50 

Importance  of  soil  conditions 50 

Slash  disposal 50 

Bibliography 51 


INTRODUCTION 

Even  a  cursory  study  of  the  pulpwood  situation  will  convince  one 
of  the  need  for  keeping  the  potential  pulpwood  lands  in  this  country 
in  a  continuously  productive  state.  The  prosperity  and,  indeed,  the 
continuation  of  the  pulp  and  paper  industry  demands  a  permanent 
domestic  supply  of  pulpwood.  Shortage  of  home-grown  timber  may 
be  temporarily  overcome  by  foreign  importation,  but  owing  to  con- 
ditions in  other  countries  this  offers  no  dependable  or  permanent  re- 
lief and  evidently  the  industry  must  soon  face  the  problem  of  raising 
its  own  pulpwood. 

In  the  Northeast — New  England  and  New  York — ^the  situation  has 
already  become  serious,  mainly  for  the  reason  that  pulp  and  paper 
establishments  have  been  concentrated  here  from  the  very  beginning 
of  the  industry  in  North  America.     This  concentration  has  been 
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logical  and  practically  inevitable,  owing  to  the  favorable  conditions 
in  the  region  for  the  development  and  expansion  of  the  pulp  industry, 
such  as  large  bodies  of  accessible  spruce  forests,  an  abundance  of 
cheap  power,  low  transportation  costs,  and  nearness  to  markets. 

However,  neither  cheap  power  and  nearness  to  markets  nor  the 
industrial  genius  and  push  of  the  men  behind  the  industry  in  the 
Northeast  can  maintain  the  industry  here  in  the  face  of  waning 
local  supplies  of  raw  material.  The  pulp  and  paper  industry  can  no 
longer  be  regarded  as  regional.  The  price  of  pulpwood  is  governed 
by  world-wide  competition  and  the  continuation  of  the  industry  in 
any  particular  region  rests  fundamentally  on  the  possibilities  of 
manufacturing  paper  pulp  from  domestic  supplies  more  cheaply  than 
it  can  be  imported.  Eventual  curtailment  of  pulpwood  will  force 
many  mills  dependent  on  outside  importation  to  close  down.  Paper 
and  pulp  concerns  are  awakening  to  the  fact  that  the  ultimate  salva- 
tion of  their  industry  lies  in  making  their  land  produce  the  necessary 
raw  material. 

In  the  spruce  region  as  a  whole,  conditions  are  favorable  for  the 
continuous  production  of  pulpwood  crops.  Spruce  stands  reproduce 
themselves  readily,  growing  conditions  are  good,  and  markets  are 
excellent.  There  is  only  one  prime  requisite — that  young  growth  be 
established  on  the  land  before  the  mature  forest  is  cut  off.  For  suc- 
cessful regeneration  of  spruce  stands  nearly  total  dependence  must  be 
placed  on  this  advance  growth.  Wherever  reproduction  on.  cut-over 
lands  is  abundant,  as  it  normally  is,  practically  all  of  it  is  advance 
growth  which  was  present  in  the  original  stand.  Where  reproduction 
is  absent  at  the  time  of  cutting,  subsequent  restocking  progresses  at 
an  extremely  slow  pace  or  fails  completely.  When  sufficient  advance 
growth  is  present  at  the  time  of  logging  the  opportunity  for  produc- 
ing full  pulpwood  crops  lies  primarily  in  preserving  and  bringing 
to  maturity  trees  already  in  existence  at  the  time  of  cutting. 

What  measures  are  needful  to  insure  good  development  of  the 
more  desirable  species  from  this  advance  growth  has  never  been 
broadly  determined  nor  made  widely  known  to  forest  owners. 
Studies  of  cut-over  spruce  and  fir  lands,  both  prior  to  and  after  clear 
cutting  of  pulpwood  species  came  into  general  vogue,  have  been 
largely  localized  in  nature,  and  the  results  of  such  studies  have  not 
been  made  generally  available.  To  meet  the  need  for  better  informa- 
tion, which  might  to  advantage  be  widely  disseminated,  the  North- 
eastern Forest  Experiment  Station  in  1923  began  to  gather  specific 
data  on  the  actual  conditions  of  extensive  areas  clear  cut  for  pulp- 
wood, such  as  would  be  representative  of  the  entire  spruce  region. 

The  guiding  purpose  of  this  investigation  was  to  nnd  the  answers 
to  certain  questions  upon  which  must  be  based  any  satisfactory  or 
stable  policy  for  the  management  of  lands  for  future  pulpwood  pro- 
duction. For  example,  what  effect  has  the  clear-cutting  system,  so 
commonly  employed  in  spruce  and  fir  stands  to-day,  on  the  growth 
and  ultimate  development  of  the  future  stand  ?  What  is  the  amount 
and  character  of  the  new  growth  coming  in?  Does  it  differ 
materially  from  the  original  stand?  What  will  be  the  composition 
of  the  new  crop  of  timber?  What  are  the  factors  responsible  for 
the  successful  establishment  or  failure  of  spruce  and  fir  reproduction 
in  the  new  stand  ?    Will  the  rapidly  growing  hardwoods  take  posses- 
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sion  of  these  areas  to  the  exclusion  of  spruce  and  fir  ?  What  measures 
should  be  adopted  to  insure  another  crop  of  pulpwood  following 
cutting,  and  what  treatment  is  required  to  bring  lands  to  full 
productivity  ? 

To  make  clear  the  scope  of  the  investigations  along  these  lines, 
a  brief  description  of  the  principal  forest  types  considered  will  be 
helpful. 

THE  SPRUCE  FORESTS 

The  territory  embraced  by  the  spruce  region  covers  practically  the 
entire  State  of  Maine,  with  the  exception  of  a  small  section  in  the 
southeast,  and  extends  westward  over  the  northern  half  of  New 
Hampshire  and  Vermont  and  the  Adirondack  Plateau  region  of 
New  York.  It  follows  down  the  Green  Mountain  range  of  Vermont, 
into  the  Berkshires  of  western  Massachusetts.  Five  broad  spruce 
types  are  ordinarily  recognized  in  the  spruce  region:  (1)  Spruce-flat, 
(2)  spruce-hardwoods,  (3)  spruce-slope,  (4)  spruce-swamp,  and  (5) 
old-field  spruce.  Nearly  all  so-called  pure  spruce  stands  have  an 
admixture  of  hardwood  species.  Stands  containing  the  highest 
percentage  of  spruce  and  fir  are  usually  found  in  the  old-field  and 
spruce-slope  types.  A  considerable  admixture  of  hardwoods  normally 
occurs  in  the  other  types  (pi.  1,  A),  though  spruce  swamps  and  bogs 
often  support  pure  conifer  stands. 

Spruce  and  fir  are  natural  rivals,  each  struggling  for  possession 
of  the  same  ground.  In  the  virgin  forest  or  on  cut-over  lands  left 
undisturbed  for  a  long  period  of  time,  spruce  has  no  difficulty  in 
maintaining  its  supremacy  over  its  natural  rival,  since  it  is  longer 
lived  and  has  a  greater  capacity  for  enduring  suppression. 

SPRUCE-FLAT  TYPE 

The  spruce-flat  type  occurs  on  the  better  drained  sites  above  the 
swamp  areas  and  extends  to  the  lower  slopes,  occupying  the  flats, 
low  ridges,  and  knolls  above  the  lakes  and  streams.  The  soil  is 
moist  and  shallow  and  contains  many  bowlders.  The  forest  floor 
is  often  covered  with  Hypnum  mosses,  with  a  thin  mat  of  hardwood 
leaves  on  the  knolls  and  ridges.  The  principal  species  in  this  type 
are  red  spruce  {Picea  rubra)  and  balsam  fir  (Ahies  halsamea)^  gen- 
erally mixed  with  a  few  hardwoods,  such  as  red  maple  {Acer  rub- 
rumh) ,  paper  birch  and  yellow  birch  {BetuLa  papyHfera  and  B.  Trntea) , 
with  a  scattering  of  white  spruce  {Picea  glauca)^  northern  white 
pine  {Pinus  strohus),  eastern  hemlock  {Tsuga  canadensis)^  and 
northern  white  cedar  {Thuja  occidentalis)  occurring  as  scattered 
individuals.  The  upper  margin  of  this  type  is  marked  by  the  ap- 
pearance of  beech  {Fagus  grandifolia)  and  sugar  maple  {Acer  sac- 
charum).  The  spruce-flat  type  is  of  considerable  importance  com- 
mercially, being  found  extensively  in  the  level  regions  of  Maine, 
northern  New  Hampshire,  Vermont,  and  New  York.  The  timber 
is  of  much  better  quality  than  that  found  in  the  swamp  type  and 
the  growth  is  more  rapid. 

SPRUCE-HARDWOODS  TYPE 

The  spruce-hardwoods  type  occupies  the  well-drained  sites,  pre- 
ferring the  deep,  moist  soils.     It  is  usually  encountered  above  the 
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spruce-flat  zone  and  below  the  upper-slope  belt.  Red  spruce,  found 
in  mixture  with  balsam  fir,  yellow  birch,  beech,  sugar  maple,  and 
occasionally  northern  white  pine,  red  maple,  and  paper  birch,  is 
the  chief  species.  Eastern  hemlock  is  also  commonly  present.  Red 
spruce  reaches  its  best  individual  development  in  this  type,  as  do 
also  the  associated  hardwoods.  It  is  also  a  type  of  wide  commer- 
cial importance,  being  extensively  represented  through  the  spruce 
region  of  the  Northeast. 

For  the  purpose  of  discussion  two  subtypes  will  be  recognized. 
The  first  is  the  yellow  birch-spruce  subtype,  which  usually  borders 
the  upper  margins  of  the  spruce  flats  or  occurs  on  gentle  slopes  or 
benches  within  the  spruce-hardwoods  type,  and  has  many  charac- 
teristics of  the  spruce-flat  type.  Yellow  birch,  and  to  some  extent 
red  maple  and  paper  birch,  are  the  important  hardwoods  found  in 
mixture  with  red  si)ruce  and  balsam  fir.  This  type  is  practically 
equivalent  to  what  in  Maine  is  termed  the  yellow-birch  type. 

The  second  subtype,  the  sugar  maple-spruce,  occurs  on  lower  slopes 
and  ridges  and  may  be  regarded  as  a  borderland  type  between  the 
spruce-hardwoods  and  northern  hardwoods  types.  Sugar  maple  and 
beech  are  the  principal  hardwoods,  and  make  up  a  considerable 
proportion  of  the  stand.  Red  spruce,  though  generally  well  de- 
veloped and  of  good  quality,  occurs  much  less  frequently.  These 
stands  are  usually  associated  with  fairly  deep,  well-drained  soils, 
often  containing  large  quantities  of  rocks.  This  subtype  forms  a 
considerable  proportion  of  the  Adirondack  region,  and  is  also  well 
represented  in  Vermont,  New  Hampshire,  and  Maine. 

SPRUCE-SLOPE  TYPE 

The  spruce-slope  type  occupies  the  upper  slopes,  which  are  usually 
steep,  rocky,  and  covered  with  a  thin  layer  of  soil.  While  spruce 
predominates  in  this  type,  balsam  fir,  yellow  birch,  and  paper  birch 
are  commonly  associated  with  it.  The  timber  usually  grows  in 
thick  stands  and  produces  high  yields.  This  type  grades  off  into 
trees  of  poor  quality  at  the  upper  limits,  becoming  more  stunted 
as  it  approaches  the  timber  line.  The  spruce-slope  type  is  an  im- 
portant one  in  the  mountainous  sections  of  New  York  and  New 
England. 

SPRUCE-SWAMP  TYPE 

The  spruce-swamp  type,  of  minor  importance,  occupies  poorly 
drained  areas  near  lakes  and  streams,  occurring  most  abundantly 
in  Maine  and  New  York.  The  soil  is  usually  peaty  in  character, 
has  a  high  retentive  capacity  for  water,  and  often  supports  a  ground 
cover  of  Sphagnum  moss  of  considerable  depth.  The  most  char- 
acteristic tree  is  the  black  spruce  (Picea  mariana)^  with  balsam  fir, 
tamarack  (Larix  Imicina)^  northern  white  cedar,  eastern  hemlock, 
and  northern  white  pine  often  present.  Black  ash  (Frcutinu^ 
nigra)  ^  red  maple,  paper  birch^  and  yellow  birch  are  frequently 
represented.  The  growth  in  this  type  is  generally  slow  but  more 
rapid  on  its  upper  margin.  Windfall  is  common,  on  account  of 
the  shallow  root  systems  developed  in  the  boggy  soil. 
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Plate  1 


A,  A  pulpwood  stand  in  the  spruce-hardwoods  type,  showing  a  characteristically  large  admixture 
of  hardv/oods;  B,  windfall  on  1-year-old  cutting  logged  for  mature  spruce  and  hardwoods. 
Spruce  and  fir  are  shallow  rooted  and  on  thin  soils  are  subject  to  wind  damage 
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Plate  2 


Crown   Canopy   in   Spruce  Stands  Showing   the  Opening   Through 
Which  Light  Reaches  the  Forest  Floor 


A,  I-arno  conifer  canopy;  B,  a  mixture  of  hardwood  and  softwood  crowns.     In  stands  of  either  rhar- 
iictcr.suHicicnt  li^hl  reaches  the  Krouiid  I  o  encourage  the  establishment  of  abuntiant  reproduction. 


EEPRODUCTION  ON  PULPWOOD  LANDS  IN  THE  NORTHEAST  5 

OLD  FIELD-SPRUCE  TYPE 

The  old  field-spruce  type  occurs  'scatteringly  throughout  the  re- 
gion but  is  confined  principally  to  northern  New  England.  It  is 
restricted  to  lands  once  cleared  for  pasturage  or  agricultural  crops. 
Owing  to  the  high  timber-productive  capacity  of  these  soils  ex- 
cellent growth  and  high  yields  are  common.  Pure  stands  of  red 
spruce  are  frequent  in  this  type,  though  balsam  fir,  white  spruce, 
and  occasionally  tamarack  and  white  pine  appear  in  mixture. 
Pure  red  spruce  stands  are  particularly  characteristic  of  Vermont, 
whereas  the  mixed  stands  occur  more  frequently  in  Maine  and  New 
Hampshire.  Here,  in  fact,  white  spruce  often  supplants  red  spruce 
to  the  extent  of  forming  pure  or  nearly  pure  stands. 

METHODS  OF  STUDY 

Approximately  420  temporary  sample  plots  established  throughout 
the  spruce  region  of  the  Northeast,  and  so  distributed  as  to  repre- 
sent a  wide  variety  of  type,  site  quality,  composition  of  stand,  and 
age  of  cut-over  area,  form  the  basis  for  the  present  study.  Ap- 
proximately 245  of  these  plots  were  taken  in  the  spruce-flat  type 
and  155  in  the  spruce-hardwoods  type — the  two  types  which  supply 
the  bulk  of  the  pulpwood  consumed  by  the  industry.  Sixteen 
plots  were  obtained  in  the  spruce-slope  type  and  only  four  in  the 
old-field  type.  The  data  from  these  plots  are  supplemented  by 
short-time  observations  on  a  series  of  permanent  method-of-cutting 
plots  established  in  the  White  Mountains,  on  which  detailed  studies 
of  germination  and  survival  of  reproduction  are  being  made.  The 
temporary  plots  ranged  from  0.1  of  an  acre  to  1  acre  in  size,  by 
far  the  greater  number  being  one-eighth-acre  plots.  On  most  of 
the  areas  selected  clear  cutting  of  pulpwood  species  had  been  prac- 
ticed ;  that  is,  all  spruce  and  fir  down  to  a  diameter  of  5  or  6  inches 
had  been  removed,  while  the  hardwoods  occurring  in  mixture  were 
left  uncut.  This  is  a  system  of  cutting  commonly  practiced  through- 
out the  Northeast.  On  transect  strips,  each  containing  0.01  of  an 
acre,  all  reproduction  was  recorded  by  species  and  height  classes. 
Eight  such  strips  were  laid  out  to  each  acre  of  plot. 

A  complete  record  of  all  trees  1  inch  and  above  in  diameter  was 
made  on  each  plot,  the  1-inch  class  comprising  all  trees  0.6  inch  to  1.5 
inches  diameter  at  breast  height,  the  2-inch  class  1.6  inches  to  2.5 
inches,  and  so  on.  Trees  below  the  1-inch  class  were  regarded  as 
reproduction  and  were  recorded  only  on  the  transect  strips.  In 
order  to  obtain  data  on  the  character  of  material  removed  in  the 
process  of  logging,  stumps  were  measured,  and  recorded  by  species 
"wherever  this  was  discernible.  In  addition,  approximately  500 
red  spruce  and  balsam  fir  seedlings  were  analyzed  to  determine 
the  age  and  relative  rate  of  growth  and  development  of  the  two 
species  under  different  growing  conditions.  Seedlings  were  cross- 
sectioned  at  intervals  of  1  foot  and  the  annual  height  growth  de- 
termined, particular  attention  being  paid  to  height  growth  follow- 
ing logging  and  to  the  relative  capacity  of  spruce  and  fir  to  recover 
from  suppression. 

Height  and  crown  widths  distributed  over  a  range  of  diameter 
and  crown  classes  were  measured  on  10  per  cent  of  the  conifers  and 
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5  per  cent  of  the  hardwoods.  For  each  plot  the  type,  location,  abso- 
lute and  relative  elevations,  aspect,  stand,  origin,  and  density  were 
recorded,  and  notes  were  also  made  on  the  character  of  the  soil, 
brush,  and  ground  cover.  Trees  having  well-developed  crowns  and 
located  a  few  feet  away  from  a  stump  furnished  a  clue  to  the  cut- 
ting date,  since  these  liberated  trees  usually  show  accelerated  growth. 
The  cutting  date  was  also  often  determined  by  counting  the  annual 
rings  on  rapid-growing  hardwoods  which  had  sprung  up  in  skid 
roads  and  skid  trails  the  first  growing  season  following  logging. 

Since  but  very  few  plots  established  on  recently  cut-over  areas  were 
available  as  a  basis  for  stand  tables,  the  plan  followed  was  to 
reconstruct  the  stands  on  paper  as  they  were  immediately  following 
cutting,  due  allowance  being  made  for  mortality  during  the  period 
following  cutting.  Through  the  aid  of  diameter-growth  tables, 
the  present  diameters  of  all  trees  now  comprising  the  stand  were 
reduced  to  their  diameters  at  the  time  of  cutting,  and  an  average 
stand  table  for  the  newly  cut-over  areas  was  then  compiled. 

RESULTS  OF  PAST  AND  PRESENT  CUTTING  METHODS 

The  original  forests  of  the  region  covered  extensive  areas  in 
unbroken  masses,  but  varied  from  the  more  or  less  even-aged  stands 
such  as  are  encountered  on  old  burns  and  blow-downs  to  the  all-aged 
stands  which  are  more  typical  of  the  region. 

Then,  as  now,  in  the  occasional  vigorous  even-aged  stands  charac- 
terized by  a  dense  continuous  overhead  canopy,  little  sunlight  struck 
the  forest  floor,  and  reproduction  was  likely  to  be  scarce  or  some- 
times entirely  lacking.  Seedlings  seldom  survived  beyond  the  third 
or  fourth  year.  In  the  older,  more  open  stands,  and  in  all-aged 
stands  whose  overhead  canopy  was  less  continuous  (pi.  2),  seed-bed 
conditions  were  favorable  and  the  abundant  seed  resulted  in  plenti- 
ful natural  reproduction. 

Earlier  lumbering  operations  encouraged  the  establishment  of 
reproduction  by  removing  here  and  there  individuals  or  groups  of 
the  larger  high-grade  spruce  and  white  pine,  thus  creating  openings 
which  were  usually  filled  up  at  once  by  released  conifer  reproduction 
or  by  fast-growing  hardwoods.  In  some  instances  the  slower-grow- 
ing spruce  and  fir  had  been  suppressed  for  years  under  cover  of 
the  invading  hardwoods,  only  to  gain  the  ascendency  eventually. 

The  early  expansion  of  the  pulp  and  paper  industry  made  no 
radical  change  in  this  situation;  but  with  the  beginning  of  the 
twentieth  century  the  consumption  of  paper  increased  enormously, 
bringing  at  once  increased  stumpage  values  and  a  greater  severity  of 
cutting.  By  1913  most  of  the  owners  in  the  Northeast  were  cutting 
their  pulpwood  lands  clean,  only  occasional  spruce  and  fir  trees  over 

6  inches  in  diameter  being  left.  These  trees,  in  most  instances, 
were  unable  for  many  years  to  produce  seed  in  any  quantity.  Areas 
which  had  supported  nearly  pure  stands  of  spruce  and  fir  were 
left  practically  treeless.  Elsewhere  the  hardwoods,  not  being  gen- 
erally utilized,  dominated  the  residual  stand  and  produced  yearly 
vast  quantities  of  seed,  resulting  in  a  greatly  increased  represen- 
tation in  the  following  crop. 

Even  under  these  conditions,  spruce  and  fir  reproduction  on  cut- 
over  spruce  lands  was  normally  plentiful.    Conditions  on  uncut  as 
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well  as  on  cut-over  areas  indicate  that  practically  all  of  the  pulp- 
wood  reproduction  now  found  on  cut-over  areas  was  present  in  the 
stand  prior  to  cutting  and  represent^  an  accumulation  extending 
over  a  period  of  several  decades. 

Table  3  summarizes  for  the  spruce-flat,  spruce-hardwoods,  and 
spruce-slope  types  the  average  number  of  conifers  and  hardwoods 
left  following  logging,  whereas  Tables  1  and  2  show  in  detail  by 
diameter  classes  the  residual  stand  in  the  first  two  of  these 
types.  A  glance  at  Table  3  shows  that  usually  a  considerable  num- 
ber of  trees  remained  even  on  these  so-called  clear-cut  areas.  In  the 
spruce-flat  and  spruce-slope  types  the  bulk  of  these  trees  are  spruce 
and  fir.  However,  their  average  breast-high  diameter  does  not 
exceed  2  inches  in  any  of  the  types  because  of  the  degree  to  which 
these  species  are  utilized.  In  the  spruce-hardwoods  type,  the  hard- 
woods greatly  outnumber  the  conifers.  Residual  hardwoods  in 
nearly  all  instances  range  from  small  trees  to  mature  and  over- 
mature trees  of  large  size. 

In  general,  these  hardwoods  contain  a  considerable  quantity  of 
defect,  which  appears  to  be  more  marked  in  the  cut-over  stands  than 
in  the  original  forest.  A  possible  explanation  of  this  difference  may 
be  that  through  injuries  received  in  logging  the  residual  hardwood 
trees  are  more  easily  attacked  by  rot-producing  fungi.  How  serious 
a  factor  this  may  be  was  demonstrated  on  a  number  of  sample  plots 
where,  in  a  careful  estimate  of  all  standing  merchantable  hardwood 
trees,  a  total  volume  of  7,000  board  feet  of  merchantable  hardwoods 
per  acre  was  found  to  contain  only  2,400  board  feet,  or  but  34  per 
cent,  of  sound  material. 

Table  1. — Stand  table  hy  species  and  diameter  classes,  spruce-flat  type,  in 
number  of  trees  per  acre:  Residual  stand  following  cutting  to  small  dmmeters 
for  pulpwood  species  only^ 


Diameter 
class  (inches) 

Red 
spruce 

Balsam 
fir 

Yellow 
birch 

Beech 

Sugar 
maple 

Red 
maple 

Paper 
birch 

Miscel- 
laneous 

Total 
spruce 
and  fir 

All  mer- 
chantable 
hardwoods 

All 
weed 
species 

1 

18.9 

16.4 

10.4 

8.3 

5.5 

3.7 

3.8 

5.3 

2.2 

1.0 

.7 

.2 

.2 

34.7 

16.2 

10.0 

6.5 

4.5 

2.7 

2.0 

1.5 

.6 

.6 

.3 

.1 

.1 

5.7 
3.5 
3.3 
2.8 
2.4 
2.8 
2.6 
2.7 
1.6 
3.4 
1.8 
1.2 
1.0 
.9 
.5 

1 

.2 
.1 
.1 
.1 

0.6 
.6 
.5 
.5 
.2 
.4 
.4 
.3 
.2 
.2 
.2 

0.1 
...  -- 

5.9 
2.1 
1.2 
1.0 
1.1 
.9 
.8 
.7 
.8 
.5 
.3 
.3 
.1 
.2 
.1 

9.2 

2.1 

1.4 

1.0 

1.4 

1.0 

1.2 

1.0 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

.2 

2.2 

1.8 
2.5 
1.8 
1.5 
1.2 
.7 
.7 
.6 
.8 
.6 
.8 
.3 
.3 
.2 
.2 

53.6 

32.6 

20.4 

14.8 

10.0 

6.4 

5.8 

6.8 

2.8 

1.6 

1.0 

.3 

.3 

23.7 

10.1 

8.9 

7.1 

6.6 

6.3 

5.7 

5.4 

4.0 

5.6 

3.6 

2.8 

1.8 

1.7 

1.1 

.9 

.7 

.2 

.1 

.1 

.1 

0.6 

2 

1.3 

3 

.7 

4..         

.7 

5 

.1 

6 

.1 

7 

.5 

8 

9 

10 

11 

12 

13 

14 

15 

.1 

16 

17 

18 

19 

20 

21 

Total.... 
Percentage 

76.6 
29.8 

79.8 
31.1 

37.8 
14.7 

4.2 

i:6 

.2 
.1 

16.0 
6.2 

22.1 
8.6 

16.2 
6.3 

156.4 
60.9 

96.5 
37.5 

4.0 

1.6 

1  Basis,  226  plots.  It  will  be  noted  that  the  number  of  plots  forming  the  basis  for  Tables  1,  2,  and  3  does 
not  agree  with  the  number  used  as  a  basis  for  the  reproduction  tables.  This  disagreement  is  due  to  the 
fact  that  the  depth  of  the  snow  prevented  the  tallying  of  reproduction  on  a  number  of  the  plots  established. 
In  the  spruce  and  hardwoods  type  additional  reproduction  plots  were  tallied  subsequent  to  the  compilation 
of  the  stand  table. 


s 
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Table  2. — Stand  table  hp  species  and  diameter  classes,  spruce-hardwoods  type^ 
in  number  of  trees  per  acre:  Residual  stamd  folloicing  cutting  to  small 
diameters  for  pulpivood  species  only ' 


Diameter 
class  (inches) 

Red 
spruce 

Balsam 
fir 

Yellow 
birch 

Beech 

Sugar 
maple 

Red 
maple 

Paper 
birch 

Miscel- 
laneous 

Total 
spruce 
and  fir 

All  mer- 
chantable 
haidwoodA 

All 
weed 
species 

1 

13.8 

9.2 

6.8 

6.4 

4.7 

2.1 

3.0 

1.4 

.5 

.2 

.2 

.2 

6.8 

7.8 

6.2 

3.1 

1.8 

1.0 

.6 

.1 

.1 

11.6 

8.3 

3.4 

4.9 

3.0 

3.3 

1.6 

3.3 

1.4 

2.3 

1.1 

2.4 

.6 

1.2 

.4 

1.0 

.6 

.8 

.1 

.4 

.3 

5.2 

3.9 

1.4 

2.3 

1.6 

2.6 

1.0 

1.8 

1.2 

1.8 

1.2 

1.2 

.7 

.7 

.2 

.6 

.1 

.1 

4.0 
2.1 
.6 
1.2 
.6 
.4 
.6 
.3 

....... 

.3 
.6 
.3 
.3 

4.9 
3.8 
.4 
3.6 
.4 
.9 
.3 
.8 
.3 
.8 
.1 
.5 

3.6 
1.3 
.2 
.3 
.2 
.3 
.4 

0.4 

.4 
.3 
.5 

.'5" 

.1 

19.6 

17.0 

13.0 

8.6 

6.5 

3.1 

3.6 

1.6 

.6 

.2 

.2 

.2 

29.7 
19.8 
6.3 
12.8 
6.7 
8.0 
4.0 
6.2 
3.4 
6.4 
2.4 
4.5 
1.6 

1  6 

2 

6  0 

3 

1  9 

4 

9 

6 

6 

2 

7 

8 

9 

.4 

.1 
.1 

10 

11 

12 

13 

14 



2.6 

15 

.9 
2.3 
1.0 
.9 
.1 
.4 
.3 

16 

.3 
.3 

.1 

17 

18-. 

19 

20 

22 

Total...- 
Percentage.— - 

47.5 
23.6 

26.5 
13.1 

52.0 

25.8 

27.6 
13.7 

12.0 
6.0 

17.4 
8.6 

6.7 
3.3 

2.5 
1.2 

74.0 
36.7 

118.2 
68.6 

9.6 
4.7 

»  Basis,  132  plots. 

Table  3. — Residual  stand  immediately  following  removal  of  spruce  and  fir  for 
pulpwood  in  different  forest  types,  in  number  of  trees  per  acre  1  inch  diam- 
eter at  breast  height  and  above 


Forest  type 


Pulpwood  species 

Hardwoods 
and  others 

Weed 
species 

All  trees 

Spruce 

Fir 

Total 

76.6 

47.5 
45.7 

79.8 
26.5 
35.5 

156. 4 
74.0 
81.2 

96.5 
118.2 
16.6 

4.0 
9.5 
0 

256.9 
201.7 
97.8 

Number 
of  plots 


Spruce  flat.-. 

Spruce  and  hardwoods 
Spruce  slope 


132 
16 


Cutting  also  leaves  the  residual  trees  subject  to  the  drying  influ- 
ences of  sun  and  wind,  causing  them  to  become  stag  headed  and  en- 
couraging attacks  from  insects  such  as  the  sugar-maple  borer 
{Glycohius  speciosi^)  which  attacks  the  sugar  maple,  and  the  bronze- 
birch  borer  {Agrilus  anxius)  which  attacks  both  the  paper  and 
yellow  birches.  The  paper  and  yellow  birches  are  particularly  sus- 
ceptible to  deterioration.  Preliminary  observations  indicate  that 
this  deterioration  increases  directly  in  proportion  to  the  amount  of 
sunlight  reaching  the  released  trees. 

As  a  rule,  on  the  cut-over  areas  studied,  all  size  classes  subject  to 
severe  wind-throw  had  been  removed.  However,  on  extremely  shal- 
low soils  spruce  and  fir  trees  even  as  small  as  1  and  2  inches 
(diameter  at  breast  height)  were  uprooted  by  the  wind,  and  occa- 
sional large  openings  in  the  stand  resulted  in  the  wind-throw  of 
some  of  the  residual  hardwoods,  particularly  yellow  birch.  Wind- 
throw  in  hardwoods,  however,  is  of  direct  benefit  to  the  young 
conifiers. 

Stands  in  which  a  selection  method  of  cutting  has  been  practiced 
often  suffer  severe  losses  from  wind-throw.     (PI.  1,  B.)     In  one 
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such  stand,  in  which  70  per  cent  of  the  original  13,000  board  feet 
per  acre  had  been  removed,  approximately  30  per  cent  of  the  residual 
stand  of  3,800  board  feet  per  acre  was  lost  through  wind-throw 
within  16  months  of  logging,  including  40  per  cent  by  volume  of  the 
residual  hardwoods.  This  loss  was  further  increased  by  subsequent 
windfall.  Although  this  high  loss — partly  explained  by  the  fact 
that  the  stand  was  unduly  exposed — may  be  the  result  of  a  rather 
unusual  set  of  conditions,  it  nevertheless  helps  to  emphasize  the  con- 
sideration that  must  be  given  to  wind-throw  in  the  management  of 
spruce  stands. 

REPRODUCTION  IN  THE  ORIGINAL  STAND 

As  has  been  pointed  out  conditions  in  the  original  stand  are  nor- 
mally favorable  to  the  establishment  of  abundant  conifer  reproduc- 
tion. Where  considerable  light  reaches  the  forest  floor,  it  is  not 
uncommon  to  find  a  goodly  scattering  of  spruce  and  fir  seedlings 
hidden  among  the  heavy  growth  of  low  herbaceous  vegetation.  (PL 
3,  A.)  Old  decayed  logs  and  wind-thrown  trees  are  frequently 
covered  with  dense  masses  of  spruce  and  fir  reproduction  which  in 
vigor  and  number  exceed  those  growing  on  adjacent  areas  of  equal 
size,  indicating  that  these  sites  are  most  favorable  to  the  germination 
and  development  of  spruce  and  fir  seedlings. 

In  the  form  of  a  reserve,  these  spruce  and  fir  seedlings  remain  in 
suppression  for  long  periods.  If  the  period  be  not  too  long  they 
will  upon  release  assume  their  normal  growth;  but  continued  sup- 
pression is  harmful  to  both  species,  especially  to  fir.  (PL  3,  B.) 
As  will  be  shown  subsequently,  fir  seedlings  have  the  ability  to  take 
quick  possession  of  the  land  but,  lacking  the  stamina  of  spruce 
seedlings  and  requiring  more  light  for  their  development  as  they 
grow  older,  are  liable  to  die  in  large  numbers  before  attaining  any 
great  height  if  release  be  too  long  deferred.  At  3  to  4  feet  they 
may  develop  suppressed,  flattened  crowns,  insufficient  for  the  de- 
mands of  growth,  greatly  retarding  development  and  lowering  vi- 
tality, thus  making  the  young  trees  particularly  susceptible  to 
disease.  Wind-throw  is  also  a  factor  in  reducing  the  representation 
of  fir. 

Where  beech  and  sugar  maple  form  an  important  part  of  the 
stand,  it  is  not  unusual  to  find  advance  reproduction  of  these  species 
on  the  forest  floor  in  large  numbers.  In  an  uncut  spruce-hardwood 
stand  sugar  maple,  which  formed  a  high  percentage  of  the  mature 
stand,  constituted  86  per  cent  of  the  reproduction  (Table  4),  owing 
to  its  tolerance  of  shade.  Beech  formed  only  5  per  cent,  while  yellow 
birch,  red  spruce,  and  balsam  fir  were  each  represented  to  the  extent 
of  only  3  per  cent.  The  birches  and  red  maple  are  less  tolerant  and 
form  a  very  small  percentage  of  the  advance  reproduction,  but  fol- 
lowing logging  they  come  up  abundantly  in  openings.  Beech  springs 
up  in  considerable  numbers  as  root  suckers,  particularly  from  por- 
tions of  roots  barked  in  the  process  of  log  skidding. 

20701''— 31 2 
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Table  4. — Reproduction  per  acre  of  various  size  classes  in  an  uncut  mature 
stand  in  the  spruce-hardwoods  type,  containing  a  high  percentage  of  sugar 
maple  * 


Pulpwood  species 

Sugar 
maple 

Beech 

Yellow 
birch 

Total 
hard- 
woods 

An 

species 

Size  class 

Red 
sprace 

Balsam 
fir 

Total 

0  to  0.5  foot     - 

262 
14 
62 
23 
19 

37 

469 

24 

1 

3 

1 

731 
38 
63 
26 
20 

37 

J  4, 694 

4,297 

1,737 

1,143 

557 

554 

118 
361 
85 
63 
32 

62 

270 
155 
42 
30 
20 

6 

5,082 
4,813 
1,864 
1,226 
609 

622 

5,813 

0  6  to  1  foot                   

4,851 

1.1  to  2  feet    - 

1,927 

2  1  to  3  feet       --- 

1,252 

3  1  to  4  feet                            

629 

4.1  feet,  1  inch  diameter  at  breast 
height         -  - — 

659 

Total       

417 
2.7 

498 
3.3 

915 
6.0 

212,982 
85.8 

711 
4.7 

523 
3.5 

14,216 
94.0 

15, 131 

100 

1  Based  on  72  chains  of  reproduction  strips  6.6  feet  wide. 
'  Including  one  red  maple  seedling. 

REPRODUCTION  FOLLOWING  CUTTING 

Where  advance  reproduction  is  absent  and  reliance  for  seed  trees 
for  the  new  forest  must  be  placed  upon  the  few  conifers  under  5  or 
6  inches  in  diameter,  prospects  for  renewed  pulpwood  stands  are 
slight.  The  remaining  conifers,  if  of  the  suppressed  class  as  is 
usually  the  case,  will  not  for  many  years  develop  into  effective  seed- 
bearing  trees.  In  the  meantime  hundreds  of  thousands  of  seedlings 
produced  by  the  large  residual  hardwoods  will  take  possession  of  the 
inadequately  stocked  areas.  Changed  seed-bed  conditions  and  dense 
stands  of  hardwood  sprouts,  together  with  invading  brush  growth, 
discourage  the  establishment  of  spruce  and  fir  following  cutting.  It 
is  not  surprising  that,  even  on  20  and  30  year  old  cuttings,  the  spruce 
and  fir  reproduction  that  has  come  in  since  cutting  is  negligible. 
Such  small  quantities  as  do  appear  are  for  the  most  part  of  fir. 
Where  seed-bed  conditions  are  favorable  the  new  seedlings  may  gain 
a  foothold  within  the  first  year  or  two  following  cutting,  but  with 
each  passing  year  conditions  become  less  and  less  favorable  for  their 
establishment.  No  attempt  will  be  made  here  to  discuss  all  of  the 
factors  responsible  for  the  complete  or  partial  failure  of  new  spruce 
and  fir  seedlings  to  establish  themselves  on  cut-over  lands  where 
advance  reproduction  is  absent.  Not  until  more  data  have  been  ob- 
tained on  seed  supply,  soil  moisture,  nutrients,  light  intensities,  and 
other  particulars  affecting  the  establishment  of  these  species  can  this 
question  be  fully  answered. 

FACTORS  AFFECTING  THE  QUANTITY  OF  ADVANCE 
REPRODUCTION 


FOREST  TYPE 

The  quantity  of  spruce  and  fir  reproduction  on  cut-over  lands 
varies  with  forest  type.  A  study  of  Tables  5  to  9  inclusive  and  Fig- 
ures 1  to  4  showing  the  quantity  and  composition  of  reproduction 
clearly  demonstrates  this  fact.  It  is  of  particular  interest  in  this 
respect  to  compare  the  spruce-flat  with  the  spruce-hardwoods  type — 
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Figure  1. — Relation  of  composition  and  quantity  of  reproduction  to  age  of  cutting 
for  various  forest  types.  This  includes  only  reproduction  below  1  inch  diameter 
at  breast  height 
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Figure  2. — Relation  of  composition  and  quantity  of  reproduction  to  age  of  cuttinK 
for  various  forest  types.  This  includes  only  trees  wnich  have  reached  or  passed 
1  inch  diameter  at  breast  height  since  cutting 
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FiGDRBj  3. — Relation  of  composition  and  number  of  all  trees  1  inch  diameter  at 
breast  height  and  above  (residual  and  new  growth)  to  age  of  cutting  for  various 
forest  types 
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Figure  4. — Relation  of  composition  and  quantity  of  all  stems  (reproduction  below 
1  Inch  diameter  at  breast  height  plus  all  trees  1  inch  diameter  at  breast  beight 
and  above)  to  age  of  cutting  for  various  forest  types 


REPRODUCTION  ON  PULPWOOD  LANDS  IN  THE  NORTHEAST 


15 


the  two  types  of  greatest  extent  and  importance  in  the  spruce 
region.  In  both  of  these  types  data  were  gathered  on  cut-over  areas 
up  to  40  years  old,  making  possible  a  direct  comparison  of  the  re- 
sults, a  discussion  of  which  follows  later.  In  the  spruce-slope  type 
only  three  ages  of  cut-over  areas  are  represented,  the  maximum  age 
being  15  years.  In  drawing  comparisons,  therefore,  the  limitations 
of  the  spruce-slope  should  be  recognized. 

Examination  of  Figure  1  and  Table  5  indicates  that  certain  facts 
hold  true  for  all  types  studied,  namely  that  the  quantity  of  conifer 
reproduction  below  1  inch  diameter  at  breast  height  is  greatest  on 
the  areas  most  recently  cut  over,  decreasing  progressively  with  in- 
crease in  the  period  since  cutting.  This  is  concrete  evidence  that,  as 
previously  stated,  the  reproduction  coming  in  after  cutting  exclusive 
of  hardwoods  is  negligible. 

Table  5. — Relation  of  composition  and  quantity  of  reproduction  smaller  than 
1  inch  diameter  at  breast  height  to  age  of  cut-over  oirea  for  various  forest 
types 

SPRUCE— FLAT  TYPE 


Age  (years) 


Average  stems  of  reproduction  per  acre 

Proportion  of 
spruce  and  fir 

Spruce  and  fir 

Hardwoods  and 
others 

Weed 

species 

Total 

Spruce 

Fir 

Number 

Per  cent 

Number 

Per  cent 

Number 

Per  cent 

Number 

Per  cent 

Per  cent 

4,440 

50.9 

4,244 

48.7 

36 

0.4 

8,720 

40.1 

59.9 

3,395 

66.8 

1,154 

22.7 

534 

10.5 

5,083 

17.0 

83.0 

3,138 

76.6 

805 

19.6 

155 

3.8 

4,098 

33.0 

67.0 

3,062 

81.5 

693 

18.5 

0 

0 

3,755 

40.8 

59.2 

1,762 

83.4 

306 

14.5 

45 

2.1 

2,113 

26.2 

73.8 

1,929 

97.1 

58 

2.9 

0 

0 

1,987 

41.8 

58.2 

1,275 

94.8 

39 

2.9 

31 

2.3 

1,345 

35.7 

64.3 

1,333 

80.0 

333 

20.0 

0 

0 

1,666 

69.9 

40.1 

977 

91.7 

88 

8.3 

0 

0 

1,065 

29.7 

70.3 

Basis, 
plots 


2. 

5. 
10 
15 
20 
25 
30 
35 
40 

5- 
10 
15 
20 
25 
30 
35 
40 

3. 
10 
15 


Number 
63 
16 
46 
14 
32 
31 
29 
3 
11 


SPRUCE— HARDWOODS  TYPE 


3,994 

52.9 

2,472 

32.7 

1,090 

14.4 

7,556 

65.0 

36.0 

1,926 

32.6 

3,214 

54.4 

771 

13.0 

5,911 

74.1 

26.9 

1,325 

23.7 

3,180 

56.8 

1,090 

19.5 

5,595 

36.2 

63.8 

580 

14.5 

1,930 

48.2 

1,490 

37.3 

4,000 

63.7 

36.3 

1,328 

43.5 

1,722 

56.5 

0 

0 

3,050 

78.2 

21.8 

638 

27.8 

1,357 

59.1 

302 

13.1 

2,297 

61.6 

48.4 

711 

32.8 

1,058 

48.8 

398 

18.4 

2,167 

72.4 

27.6 

750 

24.8 

2,200 

72.6 

80 

2.6 

3,030 

64.0 

36.0 

SPRUCE— SLOPE  TYPE 


13, 450 

71.2 

4,000 

21.2 

1,450 

7.6 

18,900 

88.1 

11.9 

2,747 

41.0 

3,812 

66.8 

148 

2.2 

6,707 

65.5 

34.6 

1,900 

35.9 

3,225 

60.8 

176 

3.3 

6,300 

96.0 

4.0 

Tables  5  to  9  and  Figures  1  to  4  also  show  that  cut-over  areas  in 
the  spruce-flat  type  have  over  twice  the  quantity  of  spruce  and  fir 
reproduction  that  cut-over  areas  in  the  spruce-hardwoods  type  have. 
Other  conifers  -  and  hardwoods,  as  well  as  weed  species,^  are  present 


2  Such  as  cedar,  hemlock,  and  pine,  which  form  a  negligible  part  of  the  stand. 

3  Weed  species,  or  unmerchantable  hardwoods,  seldom  attaining  a  diameter  of  8  inches 
at  breast  height  consist  of  pin  (fire)  cherry  (Prumis  pennsylvanica) ,  mountain  ash 
(Sorhus  amerioana),  mountain  maple  {Acer  spicatum),  striped  maple  (moosewood), 
{Acer  pennsplvanicum) ,  and  gray  birch   (Betula  popuUfoUa). 
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in  considerably  greater  numbers  in  the  spruce-hardwoods  than  in  the 
spruce-flat  type.  In  fact,  the  reproduction  of  hardwoods  and  others 
in  this  type  outnumbers  that  on  the  spruce-flat  by  a  ratio  of  over 
2  to  1,  while  for  the  weed  species  the  ratio  is  even  greater.  (Fig.  4.) 
The  maximum  quantity  of  spruce  and  fir  reproduction  to  the  acre 
encountered  in  the  spruce-hardwoods  type  was  spruce,  5,200 ;  balsam 
fir,  7,800 ;  and  hardwoods,  13,400.  In  the  spruce-flat  type  the  maxi- 
mum numbers  were  spruce,  16,125;  balsam  fir,  11,900;  and  hard- 
woods, 5,100.  And  in  the  spruce-slope  type  spruce,  20,400;  balsam 
fir ;  200 ;  and  hardwoods,  7,000.  Occasional  plots  in  all  types  were 
found  to  be  devoid  of  all  reproduction.  The  older  cut-over  areas 
contain  relatively  small  numbers  of  seedlings,  since  most  of  the  seed- 
lings have,  in  the  elapsed  interval  since  cutting,  outgrown  the  repro- 
duction stage  and  can  no  longer  be  so  classed. 


Table  6. 


-Reproduction  of  various  height  classes  in  number  of  trees  per  acre 
in  different  age  cuttings  for  various  forest  types 


SPRUCE-FLAT  TYPE  i 


Age  of  cut- 
ting (years) 

0  to  0.5  ft. 
class 

0.6  to  1.0  ft. 
class 

1.1  to  2.0  ft. 
class 

2.1  to  3.0  ft. 
class 

3.1  to  4.0  ft. 
class 

4.1  ft.  to  1  in. 
diameter  at 
breast  height 

Pulp- 
wood 

others 

Pulp- 
wood 

others 

Pulp- 
wood 

others 

Pulp- 
wood 

others 

Pulp- 
wood 

others 

Pulp- 
wood 

others 

6 

409 
37 
452 
121 
170 
75 
229 
120 

174 
0 

21 
0 
0 
0 
0 
0 

1,150 
681 
906 
205 
493 
347 
499 
430 

136 
111 
164 

40 
9 

28 
100 

50 

744 
628 
614 
228 
393 
152 
166 
150 

92 

86 

92 

24 

6 

6 

0 

20 

072 
732 
414 
359 
331 
337 
433 
160 

378 
151 
106 

15 
6 

29 
100 

10 

393 
688 
271 
236 
232 
146 
99 
60 

517 

210 

81 

21 

3 

19 

0 

0 

187 
668 
406 
393 
270 
247 
99 
80 

248 

10 

279 

16 

28 

20 

30 

26 

12 

30 

0 

35 

0 

40 

0 

SPRUCE-HARDWOODS  TYPE 


417 

11 

1,640 

1,256 

850 

532 

424 

315 

458 

526 

192 

77 

298 

344 

1,172 

309 

665 

442 

525 

295 

400 

477 

65 

10 

525 

815 

305 

635 

170 

915 

145 

725 

115 

80 

60 

210 

1,120 

lUO 

570 

90 

390 

80 

290 

20 

0 

91 

640 

1,031 

291 

90 

223 

32 

182 

124 

257 

67 

0 

229 

963 

117 

250 

133 

205 

69 

87 

33 

16 

0 

149 

298 

166 

631 

166 

264 

149 

330 

98 

30 

20 

360 

2,02(1 

190 

180 

70 

50 

60 

10 

40 

900 

853 

1,170 

1,020 

156 

132 

0 

0 


SPRUCE-SLOPE  TYPE  » 


2,060 

0 

750 

7,500 

2,600 

660 

1,100 

2,250 

200 

1,600 

0 

0 

12 

362 

21j2 

424 

49 

599 

112 

675 

349 

687 

0 

0 

800 

125 

475 

175 

300 

50 

225 

200 

100 

300 
3,226 
2,850 


1  Basis,  182  plots. 


>  Basis,  152  plots. 


•  Basis,  16  plots. 
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Plate  3 


A,  Where  the  overhead  canopy  permits  some  direct  light  to  strike  the  forest  floor  a  wide  variety  of 
low  vegetation  covers  the  ground.  Hidden  among  this  growth  are  numerous  spruce  and  tir  seed- 
lings; B,  flat-topped  balsam  fir  on  1-year-old  cutting.  The  thin  short  crown  is  indicative  of  a  long 
suppression  period  which  has  greatly  restricted  development  of  the  tree.  Spindly  trees  of  this 
class  often  show  the  presence  of  heart  rot  and  are  easily  windthrown 
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Plate  4 


A,  One-yeixr-old  cutting  loaned  for  spruce  and  fir  only.  Residual  hardwoods,  invjulinn  under- 
brush, and  yomiK  hardwood  ^'rowth  interfere  seriously  with  the  development  of  small  spruce  and 
(Ir  reproduction;  B,  overturned  red  spruce  showing  shallow  root  system  and  thin  soil  overlaying 
massive  t)()\vl(iors,  larjie  numbers  of  which  often  lie  immediately  beneath  the  surface  soil  and  may 
be  strcu  II  promise  iiously  over  the  forest  floor.  Sites  of  this  character  are  found  on  benches  and 
flats  and  usuiiily  support  stands  with  a  hi>jh  percentage  of  conifers.  Opening  up  such  stands  is 
usually  acconipiishi'd  with  danger  from  windfall 
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Table  7. — Relation  of  composition  and  quantity  ,of  reproduction  to  age  of  cut- 
over  area  for  various  forest  types,  including  only  trees  which  have  reached 
1  inch  diameter  at  breast  height  or  larger  since  cutting 

SPRUCE-FLAT  TYPE 


Average  stems  of  reproduction  per  acre 

Total 

Proportion  of 
spruce  and  fir 

Basis, 

Age  (years) 

Spruce  and  fir 

Hardwoods 
and  others 

Weed  species 

Spruce 

Fir 

plots 

6 

Number 
5 
234 
377 
646 
620 
566 
688 
1,314 

Per  cent 
8.3 
65.0 
88.7 
79.8 
82.2 
73.5 
73.3 
86.5 

Number 
32 
61 
26 
122 
111 
187 
235 
147 

Per  cent 
53.3 
16.9 

6.1 
15.1 
14.7 
24.3 
25.0 

9.7 

Number 
23 
65 
•    22 
41 
23 
17 
16 
58 

Per  cent 
38.4 
18.1 
5.2 
5.1 
3.1 
2.2 
1.7 
3.8 

Number 
60 
360 
425 
809 
754 
770 
939 
1,519 

Per  cent 
0.0 
13.6 
10.0 
13.6 
38.9 
34.5 
28.4 
6.6 

Per  cent 
100.0 
86.5 
90.0 
86.4 
61.1 
65.5 
71.6 
93.4 

Number 
16 

10 

46 

15 

14 

20 

32 

25              

31 

30 

29 

35 

3 

40    .     

11 

SPRUCE-HARDWOODS  TYPE 


5. 
10 
15 
20 
25. 
30. 
35 
40 


11 

6.6 

42 

25.3 

113 

68.1 

166 

0.0 

100.  0  1 

121 

46.7 

36 

13.9 

102 

39.4 

259 

38.7 

61.3 

108 

21.7 

86 

17.2 

305 

61.1 

499 

25.7 

74.3 

lo4 

16.0 

323 

49.8 

222 

34.2 

649 

48.5 

51.5 

277 

49.1 

150 

26.6 

137 

24.3 

564 

41.5 

58.5 

69 

18.3 

202 

53.6 

106 

28.1 

377 

52.2 

47.8 

367 

63.6 

199 

34.5 

11 

1.9 

577 

32.4 

67.6 

376 

53.8 

316 

45.2 

7 

1.0 

699 

34.6 

65.4 

1 

SPRUCE-SLOPE  TYPE 


3- 

10 
15. 


0 

0.0 

0 

0.0 

0 

0.0 

0 

0.0 

276 

20.9 

852 

64.7 

190 

14.4 

1,318 

34.6 

138 

6.7 

1,220 

59.6 

692 

33.8 

2,050 

66.7 

0.0 
65.4 
33.3 


Table  8. — Relation  of  composition  and  quantity  of  all  trees  1  inch  diameter  at 
hreast  height  and  above  {residual  and  new  growth)  to  age  of  cut-over  area 
for  various  forest  types 

SPRUCE-FLAT  TYPE 


Age  (years) 


Average  trees  above  1  inch  diameter  at  breast 
height  per  acre 


Spruce  and  fir    ^^"^Xr?^""^     Weed  species 


Proportion  of 

spruce 

and  fir 

.Total 

Spruce 

Fir 

Num- 

Per 

Per 

ber 

cent 

cent 

270 

34.0 

66.0 

592 

17.7 

82.3 

845 

31.5 

68.5 

1,042 

20.0 

80.0 

1,094 

47.2 

52.8 

997 

39.8 

60.2 

1,173 

58.1 

41.9 

1,680 

8.5 

91.5 

Basis 
plots 


5. 
10. 
15. 
20. 
25. 
30. 
35. 
40. 

5. 
10 
15 
20. 
25. 
30 
35 
40 


Num- 
ber 
124 
399 
654 
784 
879 
719 
840 
1,424 


Per 

cent 
45.9 
&7.4 
77.4 
75.3 
80.3 
72.1 
71.6 
84.8 


Num- 
ber 
109 
126 
169 
217 
192 
261 
317 
198 


Per 

cent 

40.4 

21.3 

20.0 

20.8 

17.6 

26.2 

27.0 

11.8 


Num- 
ber 
37 
67 
22 
41 
23 
17 
16 
58 


Per 
cent 
13.7 
11.3 
2.6 
3.9 
2.1 
1.7 
1.4 
3.4 


Num- 
ber 


SPRUCE-HARDWOODS  TYPE 


112 

33.6 

108 

32.4 

113 

34.0 

333 

57.1 

270 

51.4 

136 

25.9 

119 

22.7 

525 

42.4 

178 

30.9 

93 

16.1 

306 

53.0 

577 

39  6 

175 

22.3 

386 

49.3 

222 

28.4 

783 

53.9 

481 

53.0 

243 

26.8 

183 

20.2 

907 

40.9 

155 

28.1 

281 

50.9 

116 

21.0 

552 

73.1 

422 

52.6 

356 

44.4 

24 

3.0 

802 

39.8 

467 

56.7 

347 

41.3 

25 

3.0 

839 

37.7 

42.9 
57.6 
60.4 
46.1 
59.1 
26.9 
60.2 
62.3 


SPRUCE-SLOPE  TYPE 


3 
10 

15. 


12 

100.0 

0 

0.0 

0 

0.0 

12 

0.0 

100.0 

450 

29.8 

870 

57.6 

190 

12.6 

1,510 

39.0 

61.0 

196 

16.7 

252 

21.5 

724 

61.8 

1,172 

76.0 

24.0 

20701°— 3L 
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Table  9. — Relation  of  ootnposition  and  quantity  of  all  stems  (reproduction  be- 
low 1-inch  diameter  at  breast  hcifjht  plus  all  trees  J -inch  diameter  at  breast 
height  and  above)  to  aye  of  out-over  area  for  various  forest  types 

SPRUCE-FLAT  TYPE 


Age  (years) 


,  Spruce  and  fir 


2» 
6-. 
10. 
15. 
20. 
26. 
30. 
35. 
40. 

6.. 
10. 
15. 
20. 
25. 
30. 
35. 
40. 

3.. 
10. 
15. 


Average  stems  per  acre 


Number 
4,440 
3,519 
3,537 
3,716 
2,546 
2,808 
1,994 
2,173 
2,401 


Per  cent 
50.9 
65.7 
75.4 
80.8 
80.7 
91.1 
85.1 
76.5 
87.5 


Hardwoods  and 
others 


Number 
4,244 
1,263 
931 
862 
523 
250 
300 
650 


Per  cent 
48.7 
23.6 
19.9 
18.7 
16.6 
8.1 
12.8 
22,9 
10,4 


Weed  species 


Number 
36 
671 
222 
22 
86 
23 
48 
16 


Per  cent 
0.4 
10.7 
4.7 

.5 
2,7 

.8 
2.1 

,6 
2.1 


Total 


Proportion  of 

spruce  and  flr 

stems 


Spruce      Fir 


Basis, 
plots 


Number  Per  cent 


8,720 
5,353 
4,690 
4.600 
3,155 
3,081 
2,342 
2,839 
2,745 


40.0 
17.6 
31.3 
39.4 
24.2 
38.2 
37.5 
59.2 
17.0 


Percent 
60.0 
82.4 
68.7 
60.6 
75.8 
61.8 
62.8 
40.5 
83.0 


Number 
63 
16 
46 
14 
32 
31 
29 
3 
11 


SPRUCE-HARDWOODS  TYPE 


4,106 

52.0 

2,680 

32.7 

1.203 

1.5.3 

7,889 

64.8 

35.2 

2,196 

34.1 

3,350 

52.1 

890 

13.8 

6,436 

70.0 

30.0 

1,603 

24.4 

3,273 

53.0 

1,396 

22.6 

6,172 

36.6 

63.4 

755 

15.8 

2,316 

48.4 

1,712 

35.8 

4,783 

61.3 

38.7 

1,809 

45.7 

1,965 

49.7 

183 

4.6 

3,957 

68.3 

31.7 

793 

27.8 

1,638 

57.6 

418 

14.7 

2,849 

55.7 

44.3 

1,133 

38.2 

1,414 

47.6 

422 

14.2 

2,969 

60.3 

39.7 

1,217 

31,5 

2,547 

65.8 

105 

2.7 

3,869 

53.9 

46.1 

SPRUCE-SLOPE  TYPE 


13,462 
3,197 
2,096 

71.2 
38.9 
32.4 

4,000 
4,682 
3,477 

21.1 
67.0 
63.7 

1,450 
338 
899 

7.7 
4.1 
13.9 

18, 912 
8,217 
6,472 

88.0 
61.7 
912 

12.0 

38.3 

5.8 

» Includes  only  reproduction  below  1  inch  diameter  at  breast  height. 


That  excess  of  conifers  in  the  spruce-flat  over  those  in  the  spruce- 
hardwoods  type  is  not  restricted  to  small  reproduction  is  indicated  in 
Table  7  showing  reproduction  which  has  reached  sapling  size  (1  inch 
and  more  diameter  at  breast  height),  since  cutting,  and  again  in 
Table  8  showing  all  stems,  residual,  and  new  growth  above  1  inch 
diameter  at  breast  height. 


STAND    COMPOSITION 


In  attempting  to  determine  which  sites  are  especially  adapted  to  the 
production  of  spruce  and  fir,  it  was  observed  that  on  areas  where  a 
large  volume  of  these  species  had  been  present  before  cutting,  spruce 
and  fir  reproduction  was  usually  abundant.  Table  10  shows  the  rela- 
tion between  the  basal  area  of  spruce  and  fir  in  the  original  stand  and 
the  present  number  of  spruce  and  fir  seedlings;  Figure  5  graphically 
illustrates  the  same  thing.  For  example,  on  plbts  containing  only  20 
square  feet  basal  area  or  spruce  and  nr  per  acre,  the  curve  shows  an 
average  of  about  1,500  spruce  and  fir  seedlings  to  the  acre,  whereas 
plots  containing  140  square  feet  show  an  average  of  about  4,600 
seedlings.     Large  numbers  of  hardwoods  and  weed  species  were  us- 
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ually  found  growing  on  the  areas  which  had  originally  supported 
small  volumes  of  spruce. 

Table  10. — Relation  of  composition  and  quantity  of  new  and  advance  repro- 
duction to  the  total  basal  area  of  spruce  and  fir  in  the  original  stand,  10-year- 
old  cuttings  in  the  spruce-hardwoods  type 


Basal  area  of  spruce 
and  fir  (sq.  ft.) 

Average  stems  per  acre  of  re 

production 

Total 

Proportion  of 
spruce  and  fir 

Basis, 

Spruce  and  fir 

Hardwoods 
and  others 

Weed  species 

Spruce 

Fir 

plots 

11  to  20 

Num- 
ber 
1,510 
1,975 
1,660 
1,990 
3,150 
2,710 
1,620 
2,320 
4,700 
1,760 
6,410 
4,150 

Per 
cent 
22.4 
34.3 
31.9 
39.2 
48.2 
43.0 
30.5 
26.3 
53.8 
35.2 
54.1 
52.6 

Num- 
ber 
4,786 
3,336 
3,086 
2,636 
2,836 
2,436 
2,936 
4,  336 
3,386 
2, 186 
4,586 
2,886 

Per 

cent 
70.9 
57.9 
59.4 
51.9 
43.4 
38.7 
55.3 
49.2 
38.7 
43.7 
38.7 
36.6 

Num- 
ber 
452 
452 
452 
452 
552 
1,152 
752 
2,152 
652 
1,052 
852 
852 

Per 

cent 

6.7 

7.8 

8.7 

8.9 

8.4 

18.3 

14.2 

24.5 

7.5 

21.1 

7.2 

10.8 

Num- 
ber 
6,748 
5,763 
5,198 
5,078 
6,538 
6,298 
5,308 
8,808 
8,  738 
4,998 

11,  848 
7,888 

Per 

cent 
52.6 
50.4 
41.9 
46.6 
38.2 
55.2 
53.4 
70.0 
88.3 
28.7 
74.2 
35.1 

Per 

cent 
47  A 
49.6 
58.1 
53.6 
61.8 
44.8 
46.6 
30.0 
11.7 
71.3 
25.8 
64.9 

Num- 
ber 
4 

21  to  30 

8 

31  to  40      

8 

41  to  50 

10 

51  to  60 

6 

61  to  70            

8 

71  to  80 

3 

SI  to  90 

2 

91  to  100 

101  to  110 

1 
2 

111  to  120 

2 

141  to  150 

1 

The  effect  of  the  presence  of  hardwoods  is  illustrated  in  Tables  11 
and  12  and  Figures  6  and  7.  Figure  6  shows  that,  where  70  per  cent 
of  the  total  basal  area  of  the  stand  consists  of  hardwoods,  approx- 
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imately  1,500  seedlings  to  the  acre  were  tallied.  On  the  other  hand, 
where  the  hardwood  representation  was  only  5  per  cent,  4,200  were 
found.  The  tables  show,  too,  that  small  volumes  of  spruce  and  fir 
usually  indicate  correspondingly  large  numbei-s  of  hardwoods. 

Table  11. — Relation  of  quantity  of  spruce  wnd  fir  reproduction  per  acr^  to 
propwtion  of  hardwoods  in  the  original  stand,  as  indicated  t>y  the  percentage 
of  tota)l  hasal  area  of  stand  in  hm-dtvoods,  10-year-old  cuttings  in  sprucv- 
hardivoods  type 


Proportion    of    basal 

Spruce 
and  fir 
repro 
ductidh 

Basis 

area  m  hardwoods 
(per  cent) 
(acres) 

Plots 

Hard- 
wood 
trees 

6 

Number 
4,715 
3,750 
1,880 
3,060 

Number 
1 
5 
5 
14 

Number 
25 
115 
85 
85 

15 

25 

35 

Proportion     of     basal 
area    in    hardwoods 
(per  cent) 
(acres) 


45 
55 
65 
75 


Spruce 
and  fir 
repro- 
duction 


Number 
1,660 
1,805 
2,000 
1,900 


Plots 


Number 
5 


Hard- 
wood 


Number 
125 
105 
125 
145 


Table  12. — Relation  of  quantity  of  spruce  and  fir  repi^oduction  per  acre  to 
P7'oportion  of  hardwoods  in  original  stand  as  indicated  by  croivn  area  per 
acre  of  hardicoods,  10-year-old  cuttings  in  spruce-hat^divoods  type 


Spruce 
and  fir 
repro- 
duction 

Basis 

Crown  area  of  hard- 
woods per  acre 
(acres) 

Spruce 
and  fir 
repro- 
duction 

Basis 

Crown  area  of  hard- 
woods per  acre 
(acres) 

Plots 

Hard- 
wood 
trees 

Plots 

Hard- 
wood 
trees 

0.1 

Number 
4,610 
3,570 
8,315 
920 
3,220 
3,180 
1,920 
1,910 
3,000 

Number 
1 
1 
1 
3 
7 

\ 

7 
3 

Number 
35 
85 
105 
135 
85 
55 
85 
105 
85 

1.0 

Number 
1,640 
1,160 
1,930 
3,040 

560 
2,290 
2,370 

220 
2,400 

Number 
4 
4 
2 
5 
2 
1 
4 
1 
1 

Number 
95 

0.2 

1. 1 

85 

0.3 

1.2 

145 

0.4 

1.3 

125 

0.5 

1.4 

165 

0.6 

1.5 

115 

0.7 

1  6 

155 

0.8 

1.9 

175 

0.9 

2.5 

205 

Another  expression  of  the  extent  to  which  hardwoods  are  present 
in  the  stand  is  the  total  crown  area  of  hardwoods.  According  to 
Table  12  and  Figure  7,  an  increase  in  the  crown  area  per  acre  of 
hardwoods  to  as  high  as  2.5  acres  involves  a  moderate  decrease  in 
the  number  of  spruce  and  fir  seedlings,  even  though  comparatively 
large  numbers  of  spruce  and  fir  seedlings  may  be  produced  under  a 
dense  crown  canopy.  Under  the  densest  crown  area  indicated  in 
Table  12  were  found  2,400  seedlings  to  the  acre — an  ample  quantity 
to  form  a  fully  stocked  stand  of  pulpwood  if  only  no  hardwoods 
were  present  to  interfere  with  their  development. 

LOGGING   DAMAGE 

The  young  growing  stock  destroyed  in  the  process  of  logging  was 
carefully  recorded  on  a  series  of»sample  plots.  The  results  are  sum- 
marized in  Table  13,  and  show  that  the  average  loss  of  seedling,  coni- 
fers through  logging  amounts  to'  18  per  cent,  or  more  than  800  i>ev 
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acre,  and  that  of  hardwoods  22  per  cent.  Severe  damage  to  spruce 
and  fir  occurs  in  the  2  to  5  foot  height  classes  where  23  per  cent  of 
the  young  trees  comprising  these  classes  were  destroyed,  reducing 
the  thrifty,  fast-growing  trees  from  700  to  539  to  the  acre.  Al- 
though abundant  conifers  were  present  in  the  residual  stand,  86  per 
cent  were  in  the  0.5  and  1  foot  height  classes. 

Table  13. — Percentage  losses  from  logging  in  various  size  classes  and  stand 

left  per  acre 


Height  class 
(feet) 

Loss  through 
logging 

Trees  per  acre 
left  after  log- 
ging 

Height  class 
(feet) 

Ix)ss  through 
logging 

Trees  per  acre 

left  afW  log. 

ging 

Spruce 
and  fir 

Hard- 
woods 

Spruce 
and  fir 

Hard- 
woods 

Spruce 
and  fir 

Hard- 
woods 

Spruce 
and  fir 

Hard- 
woods 

0.5 

Per  cent 
15 
24 
21 
21 

Per  cent 
22 
16 
38 
33 

Number 

2,318 

866 

257 

128 

Number 

4,912 

755 

119 

4 

Per  cent 
26 
27 

Per  cent 
28 
0 

Number 
94 
60 

Number 
20 

1 

5 

21 

2 

Total. 

3 

18 

22 

3,723 

5,886 

The  destruction  of  this  young  growing  stock  has  one  important 
result,  that  of  increasing  the  length  of  the  rotation,  since  a  5-foot 
spruce  represents  from  15  to  20  years  of  growth  already  contributed 
to  the  new  stand.  However,  if  one  were  assured  of  a  fair  percentage 
of  ultimate  survival  in  the  0.5  and  1  foot  classes,  the  logging  dam- 
age sustained  by  the  larger  size  classes  would  not  be  such  a  serious 
matter.  As  it  is,  dense  masses  of  underbrush  and  rapid-growing 
weed  trees  and  other  hardwoods  frequently  take  possession  of  cut- 
over  areas  and  only  too  often  succeed  in  submerging  vast  quantities 
of  spruce  and  fir  seedlings.  The  destruction  of  the  larger  size  classes 
is,  therefore,  equivalent  to  the  destruction  of  the  best  prospects  for 
attaining  a  predominance  of  spruce  and  fir  in  the  stand.  Thus,  the 
presence  or  absence  of  advance  reproduction  in  the  larger  height 
classes  determines  in  many  instances  the  success  or  failure  of  pulp- 
wood  species  to  form  an  integral  part  of  the  succeeding  stand  of 
timber. 


FACTORS  AFFECTING  THE  COMPOSITION  OF  ADVANCE 

REPRODUCTION 

CUTTING  IN  THE  VARIOUS  SPRUCE  TYPES 

A  study  of  the  composition  of  spruce  stands  before  and  after  cut- 
ting, of  the  representation  of  the  various  species  comprising  the 
reproduction,  and  particularly  of  the  composition  of  the  young 

frowth  and  the  progressive  changes  occurring  on  areas  which  have 
een  cut  over  in  different  periods  in  the  past,  assists  in  predicting 
the  character  of  the  future  stand,  and  also  suggests  the  cultural 
treatment  to  be  followed  in  producing  stands  of  tlie  desired  species 
and  stocking.  The  significance  of^ these  data  will  be  discussed  in 
detail  for  each  type. 
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SPRUCE-FLAT  TYPE 

Figure  8  indicates  that  logging  operations  make  but  little  differ- 
ence in  the  composition  of  the  spruce-fiat  type,  the  residual  stand 
of  spruce  and  fir  being  reduced  but  3.7  per  cent,  whereas  hardwoods 
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Figure  8. — Composition   of  all   the  component  parts   of   stands   for   the  spruce-fiat, 
spruce-hardwoods,  and  upper  spruce-slope  type 

and  others  were  increased  3.3  per  cent.  Considering  the  general 
policy  of  removing  only  pulpwood  species,  the  slight  decrease  in  the 
representation  of  spruce  and  fir  is  surprising.  It  is  perhaps  ex- 
plained by  the  fact  that  pine  and  hemlock,  which  occur  commonly 
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in  the  spruce-flat  type,  are  removed  along  with  the  spruce  and  fir. 
As  these  species  are  intentionally  included  in  this  study  under  the 
classification  of  hardwoods  and  others,  they  tend  to  onset  the  de- 
creased representation  of  spruce  and  fir.  The  relation  between  spruce 
and  fir  was  more  significantly  changed,  the  predominance  of  spruce 
being  reduced  and  fir  increased  so  that  the  two  approached  close  to 
paritj^,  with  fir  2  per  cent  in  the  lead. 

It  is  encouraging  to  note  the  predominance  of  spruce  and  fir  repro- 
duction below  1-inch  diameter  at  breast  height  over  hardwoods  in 
10-year-old  cut-over  areas,  and  still  more  so  in  40-year-old  cut-over 
areas,  outdistancing  the  larger  diameters  both  in  the  residual  and 
in  the  original  stand.  This  tendency  toward  an  increased  represen- 
tation of  pulpwood  species  is  maintained  as  the  stand  grows  older; 
in  the  class  of  reproduction  which  has  reached  the  sapling  and  pole 
stage  since  cutting,  a  lead  in  10-year-old  cut-over  areas  of  65  per  cent 
and  in  40-year-old  cut-over  areas  of  86.5  per  cent  of  all  species  is 
attained.  The  figures  indicate  that  spruce  and  fir  can  successfully 
hold  their  position  with  the  contemporary  hardwood  growth.  In 
fact,  the  reduction  in  the  representation  of  hardwoods  from  the 
relatively  high  percentage  in  10-year-old  cut-over  areas  to  a  com- 
paratively low  percentage  in  40-year-old  cut-over  areas  in  all  the 
component  parts  of  the  stand  indicates  that  new  hardwood  growth 
experiences  serious  difficulty  in  competing  with  the  pulpwood  species 
in  the  spruce-flat  type. 

However,  a  decided  change  is  noted  in  the  relative  proportion  of 
spruce  to  fir.  Whereas  in  the  original  stand  spruce  predominated 
over  fir,  in  the  young  growth  the  situation  is  reversed.  (Fig.  8.) 
Fir  reproduction  below  1  inch  in  the  spruce-flat  type  has  a  distinct 
lead  over  spruce,  its  representation  being  w^ell  over  65  per  cent.  In 
the  sapling  and  pole  stands  fir  representation  is  even  further 
increased,  attaining  a  representation  of  over  80  per  cent.  This 
marked  increase  of  fir  in  the  sapling  and  pole  stage  is  apparently  due 
to  the  more  rapid  growth  of  fir  in  its  early  youth. 

In  the  stand  1-inch  diameter  at  breast  height  and  above,  in  which 
the  residual  and  advance  growth  are  combined  (fig.  8)  spruce  and  fir 
attain  84.8  per  cent  in  the  40-year-old  cut-over  areas,  or  a  greater 
predominance  by  20.2  per  cent  than  in  the  original  stand.  The  most 
radical  change,  however,  is  the  great  increase  in  the  proportion  of 
fir — ^largely  at  the  expense  of  spruce  and  hardwoods — ^from  44.4  per 
cent  in  the  original  stand  to  82.3  per  cent  in  the  10-year-old  cut-over 
areas  and  91.5  per  cent  in  the  40-year-old  cut-over  areas.  It  is 
inevitable  that  the  next  crop  of  timber  will  contain  a  greater  propor- 
tion of  fir  than  the  original  stand. 

The  conclusion  is  clear  that  the  spruce-flat  type  is  in  a  fair  way  to 
retain  its  original  representation  of  spruce  and  fir,  but  that  fir  greatly 
increases  at  the  expense  of  the  more  valuable  spruce.  The  effect  of 
the  large  residual  hardwoods  on  the  ultimate  success  of  the  young 
spruce  and  fir  stand  will  be  discussed  later. 

SPRUCE-HARDWOODS  TYPE 

The  smaller  proportion  of  spruce  and  fir  in  the  spruce-hardwoods 
type  than  in  the  spruce  flat  is  well  illustrated  in  Figure  8.  This 
proportion  varied  widely  on  the  areas  studied,  but  the  average  repre- 
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sentation  of  spruce  and  fir  in  the  original  stand  was  54.8  per  cent. 
In  this  representation  the  lead  of  spruce  over  fir  was  identical  with 
that  in  the  spruce-flat  type,  or  16.6  per  cent.  Cutting  changed  these 
proportions  considerably,  reducing  spruce  and  fir  to  36.7  per  cent  but 
at  the  same  time  giving  spruce  a  still  greater  lead  over  fir,  or  28.4 
per  cent.  The  susceptibility  of  fir  to  wind-throw  and  breakage  in 
the  spruce-hardwoods  type  is  partly  responsible  for  the  relatively 
small  representation  of  this  species. 

Tables  5,  7,  and  8  make  it  clear  that  the  future  stand  in  the  spruce- 
hardwood  type  will  contain  less  spruce  and  fir  than  the  original 
stand,  the  percentage  of  the  pulpwood  species  being  lower  at  each 
period  after  cutting  with  only  two  exceptions.  Although  spruce 
reproduction  below  1  inch  has  a  representation  of  74.1  per  cent 
and  64  per  cent  on  10  and  40  year  old  cut-over  areas,  respectively, 
(fig.  8),  this  representation  is  diminished  in  the  sapling  and  pole 
stages  to  a  point  considerably  below  that  in  the  original  stand. 

This  usurping  by  fir  of  the  dominant  position  previously  held 
by  the  spruce  is  due  probably  not  only  to  the  slower  growth  of 
spruce,  but  also  to  the  fact  that  as  a  result  of  its  slower  growth 
spruce  is  less  able  to  compete  with  invading  hardwoods  and  weed 
species,  and  is  more  likely  to  become  submerged  and  to  have  its 
growth  checked.  The  large  representation  of  spruce,  however,  in 
young  reproduction,  coupled  with  the  extreme  tolerance  of  this 
species,  holds  promise  of  an  ultimate  increase  in  the  new  stand. 
Another  factor  tending  to  increase  the  proportion  of  spruce  in  the 
next  crop  is  the  relatively  high  representation  of  this  species  in  the 
residual  stand,  where  it  has  increased  to  64.2  per  cent  of  the  pulp- 
wood  species,  from  68.3  in  the  original  stand.  This  increase  is,  of 
course,  reflected  in  a  higher  percentage  in  the  residual  plus  sapling 
and  pole  classes.  Table  9  shows  the  effect  of  taking  into  account 
also  reproduction  below  1  inch  diameter  at  breast  height,  where  the 
representation  of  spruce,  with  the  exception  of  the  15-year-old  cut- 
over  area,  is  well  in  the  lead  of  fir.  In  view  of  the  longevitj^  and 
persistence  of  spruce,  the  prospects  are  favorable  for  maintaining 
its  preponderance. 

Reduction  in  the  representation  of  conifers  and  to  some  extent 
of  hardwoods  is  largely  due  to  the  heavy  invasion  of  weed  species, 
which  constitute  a  more  important  factor  in  the  spruce-hardwoods 
type  than  in  the  spruce  flat.  Figure  8  shows  a  remarkable  increase 
from  3.1  per  cent  w^eed  species  in  uncut  spruce-hardwood  stands  to 
39.4  per  cent  in  sapling  and  pole  stands  in  10-year-old  cut-over 
areas.  The  important  part  weed  species  play  in  the  development 
of  the  new  stand  (Table  7)  is  illustrated  even  better  on  other  re- 
cent cuttings.  Cut-over  areas  average  for  the  first  three  5-year 
periods  after  cutting  56.3  per  cent  "  weeds."  The  gradual  decrease 
on  the  older  cut-over  areas  indicates  that  "  weeds  "  in  time  become 
less  of  a  factor  and  with  the  closing  in  of  the  stand  are  gradually 
orowded  out. 

Owing  to  their  undoubted  prevalence  in  the  spruce-hardwoods 

type,  hardwoods  here  influence  the  young  conifer  stand  much  more 

strongly  than  they  do  in  the  spruce-flat  type,  and  their  presence 

constitutes  an  extremely  disturbing  element  in  the  successful  de- 
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velopment  of  the  advance  reproduction.  On  areas  formerly  oc- 
cupied by  the  conifers,  spruce  and  fir  are  decreased  in  numbers 
solely  through  the  encroachment  of  aggressive  hardwoods. 

As  in  the  spruce-flat  type,  but  to  a  somewhat  less  degree,  the 
number  of  fir  trees  in  the  new  stand  increases  at  the  expense  of 
spruce. 

SPRUCE-SLOPE  TYPE 

Uncut  stands  in  the  spruce-slope  type  are  almost  entirely  composed 
of  spruce  and  fir.  According  to  Figure  8  hardwoods  are  represented 
only  to  the  extent  of  7.8  per  cent.  Of  the  conifers  present,  81.1  per 
cent  consist  of  spruce.  The  method  of  logging  practiced  in  this  type 
leaves  the  ground  bare  of  all  trees  except  spruce  and  fir  of  very  small 
size  and  an  occasional  hardwood.  Removal  of  the  larger  trees  does 
not  materially  change  the  stand's  composition,  although  it  does  give 
an  advantage  to  fir  over  spruce.  The  reproduction  coming  in  after 
cutting,  however,  differs  considerably,  especially  with  respect  to  the 
proportion  of  hardwoods.  Cutting  in  this  type  is  usually  followed 
by  an  abundant  reproduction  of  hardwoods  consisting  largely  of 
paper  birch  with  yellow  birch,  pin  (fire)  cherry,  and  mountain  maple. 
It  is  to  be  expected,  therefore,  that  the  representation  of  spruce  and 
fir  in  the  reproduction  class,  and  especially  later  in  the  sapling  and 
pole  stage,  should  be  considerably  lower  than  that  in  the  original 
stand.  In  young  reproduction  the  representation  is  41  per  cent,  but 
in  the  sapling  and  pole  sizes  it  is  only  21  per  cent.  Spruce  and  fir 
seedlings  are  suppressed  by  the  density  and  rapid  growth  of  the 
young  hardwoods,  and  thus  prevented  from  reaching  sapling  and 
pole  size  for  a  long  period. 

Since  the  maximum  age  represented  in  the  data  for  this  type  is 
15  years,  it  is  not  surprising  that  only  a  small  number  of  spruce  and 
fir  appear  in  the  sapling  class.  On  the  other  hand,  hardwoods  and 
weed  species,  owing  to  their  rapid  growth,  would  nearly  all  have 
reached  sapling  and  pole  size  within  the  15-year  period. 

An  average  for  conifers  in  the  residual  plus  advance  growth  class 
of  only  29.8  per  cent  on  the  surface  appears  alarming.  But  further 
study  of  30  and  40  year  old  cut-over  areas  would  undoubtedly  reveal 
a  much  higher  representation  of  spruce  and  fir.  In  the  recent  cut- 
tings spruce  and  fir  are  still  in  the  form  of  reproduction  below  1  inch 
diameter  at  breast  height. 

In  the  reproduction  classes  of  the  pulpwood  species  alone,  spruce 
comprises  65.5  per  cent  of  the  trees  below  1  inch  diameter  at  breast 
height,  but  only  34.6  per  cent  in  the  sapling  and  pole  sizes,  and  39 
per  cent  in  the  residual  plus  advance  growth.  Slower  development 
of  the  spruce  again  accounts  for  its  low  representation. 

Although  the  relationships  shown  in  Figure  8  do  not  present  a 
very  promising  outlook  for  the  future  crop  of  spruce  and  fir,  they 
do  at  least,  when  considered  in  the  light  of  conditions  on  the  ground, 
warrant  some  optimism  with  regard  to  the  spruce-slope  type  in 
general.  The  suppressed  spruce  and  fir,  after  a  severe  struggle,  will 
push  their  way  through  the  canopy  of  the  contemporary  stand  of 
young  hardwoods,  and  with  competition  from  but  few  of  the  old 
residual  hardwoods,  will  eventually  assume  control  of  the  stand. 
However,  here  again,  as  in  the  other  types,  fir  will  have  increased  at 
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the  expense  of  spruce.  Where  clear  cutting  is  employed  on  short 
rotation,  as  is  usual  in  this  type,  the  advantage  is  definitely  in  favor 
of  the  fir,  and  without  question  it  will  show  a  considerable  increase  in 
the  next  cut  of  pulpwood. 

SOILS 

Throughout  the  spruce  region  the  underlying  structure  consists 
of  metamorphic  and  igneous  rock  of  many  varieties,  chiefly  of  schists, 
gneisses,  and  granites.  The  soil  is  of  glacial  origin.  The  surface 
layers  consist  of  glacial  material  of  complex  composition  brought 
down  in  part  as  subglacial  drift,  but  largely  as  englaciated  material 
deposited  in  an  irregular  manner  in  layers  of  varying  depths  and 
in  the  form  of  moraines,  eskers,  and  kames  as  the  ice  sheet  gradually 
melted  away.  Each  formation  creates  its  own  characteristic  topog- 
raphy and  distinctive  soils.  Soil  type,  therefore,  is  determined 
largely  by  the  type  of  glacial  formation. 

That  the  character  of  the  soil  plays  an  important  part  in  repro- 
duction and  stand  composition  is  indicated  by  reproduction  counts 
made  in  various  spruce  types  exhibiting  considerable  difference  in 
certain  soil  characteristics.  By  far  the  greatest  number  and  pro- 
portion of  conifers  are  ordinarily  found  on  the  shallow^  or  poorly 
drained  soils.  Good  drainage  combined  with  soils  of  depth  and 
fertility  results  in  an  increased  proportion  of  hardwoods. 

THE  SOIL  PROFILE* 

Soils  of  the  spruce  region  have  a  distinctive  profile  in  which  the 
several  layers,  or  horizons,  are  more  or  less  well  defined.  This  soil 
is  known  as  the  podsol.  The  podsol  profile  normally  is  divided  into 
three  main  horizons.  The  upper  or  A  horizon  consists  of  a  surface 
layer  of  partially  decomposed  forest  litter  overlying  a  black  layer 
of  thoroughly  decomposed  organic  matter,  under  which  occurs  a 
layer  of  ashy  gray  mineral  soil  leached  of  practically  all  its  organic 
matter  and  colloids.  The  second  or  B  horizon  consists  of  a  dark 
coffee-brown  soil  grading  from  a  very  dark  brown  (nearly  black) 
in  the  upper  section  to  a  reddish-yellow  brown  at  the  loAver  depths 
and  having  a  relatively  high  content  of  organic  matter  and  colloids. 
The  third  or  C  horizon  consists  of  partially  weathered  parent  ma- 
terial whose  texture  and  mineral  character  depend  on  the  parent 
rock  material  and  the  soil- forming  processes  which  have  acted 
upon  it.^ 

This  podsol  profile  is  characteristic  of  a  considerable  portion  of 
the  spruce  region.  Gradations  in  this  typical  soil  profile  depend 
on  the  factors  which  control  soil  type.  A  significant  fact  brought 
out  by  the  study  is  the  rapidity  Avith  which  soil  types  change  within 
short  distances  as  a  result  of  slight  changes  in  relief  and  drainage. 

On  the  series  of  permanent  sample  plots  previously  mentioned, 
Morgan  and  Conrey  recognized  five  distinct  soil  types.  Drainage, 
as  affected  by  glacial  formation,  played  an  important  part  in  deter- 

*  Such  preliminary  studies  of  the  soil  profile  as  have  been  made  were  largely  confined  to 
soils  on  permanent  sample  plots  established  in  the  White  Mountains.  Analysis  and 
description  of  these  soils  were  first  made  in  1925  by  G.  Edgington  and  J.  R.  Adams,  of 
the  Bureau  of  Chemistry  and  Soils.  In  1926  M.  F.  Morgan,  of  the  Connecticut  Agricul- 
tural Experiment  Station,  and  G.  W.  Conrey,  of  the  Ohio  Agricultural  Experiment  Station, 
made  a  field  examination  of  the  different  classes  of  soils  encountered. 

^  For  a  more  detailed  description  of  the  soil  profile  of  the  spruce  region  see  Stickel  (21) 
in   Bibliography,  p.  -52. 
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mining  the  classification  of  these  soils.  In  four  of  them  all  horizons 
are  represented,  the  most  highly  developed  ones  occurring  in  well- 
drained  soils.  In  the  poorest-drained  soil,  the  gray  podsol  layer  is 
entirely  lacking  and  the  remaining  horizons  are  much  less  pro- 
nounced in  character. 

SOIL   TYPES 

Soil  type  No.  1  consists  of  a  deep,  well-drained  fine  sandy  loam 
soil  of  a  type  which  should  be  expected  over  a  good  portion  of  the 
White  Mountain  region.  Granite  bowlders  occur  throughout  the 
profile. 

Soil  type  No.  2  differs  from  type  1  probably  in  that  the  soil  is 
derived  from  a  schist  rock  where  pyroxene  minerals  predominate. 
This  soil  is  somewhat  modified  by  seepage,  and  a  higher  development 
of  this  type  occurs  where  better  drainage  conditions  exist.  Bowl- 
ders, chiefly  of  schist  rock,  occur  throughout  the  profile. 

Soil  type  No.  3  is  typical  in  kame  formations  which  are  of  common 
occurrence  in  the  region.  These  formations  are  distinguished  as 
small  knolls  composed  chiefly  of  sand  and  gravel.  Because  of  the 
loose  gravelly  character  of  the  substratum,  this  soil  type  is  subject 
to  excessive  drainage.     No  bowlders  occur  anywhere  in  the  profile. 

Soil  type  No.  4  is  characteristic  of  benchlike  formations  such  as 
occur  above  streams  and  lakes  throughout  Maine,  northern  New 
Hampshire  and  Vermont,  and  portions  of  the  Adirondacks.  This  soil 
usually  enjoj^s  fairly  good  surface  drainage,  but  underdrainage  is  slow. 
Many  granitic  bowlders  occur  throughout  the  profile,  some  of  them 
protruding  through  the  surface  soil.  Stands  growing  on  such  soils 
develop  shallow  root  systems  and  are  subject  to  wind-throw. 
(PI.  4,  B.) 

Soil  type  No.  5  differs  markedly  in  failing  to  show  the  pronounced 
profile  which  characterizes  the  others.  It  is  poorly  drained  and  is 
usually  water-logged  to  within  a  foot  or  two  of  the  surface.  The 
surface  soil  is  gray  to  black  and  somewhat  mucky.  No  gray  podsol 
layer  is  developed.  Organic  matter  disappears  at  a  depth  oi  10  to 
14  inches ;  below  this  the  soil  is  highly  mottled  gray  and  yellow,  the 
grayish  color  predominating.     The  texture  is  a  stony  loam. 

Soil  types  1  and  3  are  similar,  the  chief  differences  occurring  in  the 
lower  horizons  where  the  greater  depth  and  looseness  in  type  3  per- 
mit freer  and  more  rapid  drainage.  Type  2,  though  similar  in  man}^ 
respects  to  types  1  and  3,  is  intermediate  between  them  and  type  4, 
having  a  fairly  firm  B  horizon  in  contrast  to  the  looseness  and  open- 
ness which  characterize  this  horizon  in  soil  types  1  and  3.  In  this 
respect  it  partakes  somewhat  of  the  features  of  type  4  where  free 
underdrainage  is  less  evident.  Type  4  is  markedly  different  from 
the  first  three  types,  especially  in  the  C  horizon,  wliere  the  mottled 
compact  nature  of  the  soil  is  indicative  of  poor  drainage.  Soil  type 
5  differs  from  the  other  types  principally  in  drainage  and  the  degree 
to  which  the  various  soil  horizons  have  been  developed.  In  the 
region  studied  it  was  observed  that  the  thickest  layer  oi  leached  soil 
in  the  A  horizon  occurred  in  the  better-drained  soils.  Good  drain- 
age apparently  induces  rapid  decomposition  of  raw  humus,  and  not 
only  liastens  the  process  of  weathering  but  permits  this  weathering 
action  to  proceed  to  a  considerable  depth. 
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SOIL   TYPE   AND   FOREST   TYPE 

Hardwoods  are  more  exacting  in  their  soil  requirements  than 
spruce  and  fir.  Development  of  hardwoods  calls  for  well-drained, 
aerated  soils  of  good  depth  that  offer  no  serious  obstacle  to  deep  root 
penetration.  Soil  types  1  and  3,  and  to  a  less  degree  2,  meet  these 
requirements.  On  such  soils  hardwoods  establish  themselves  in  large 
numbers,  often  to  the  exclusion  of  softwoods.  This  high  represen- 
tation of  hardwoods  is  not  due  to  the  fact  that  the  soil  itself  is 
inimical  to  the  development  of  spruce  and  fir ;  on  the  contrary,  spruce 
attains  its  best  development  on  such  soils  once  it  succeeds  in  estab- 
lishing itself.  Kather  is  it  owing  to  the  keen  competition  set  up  by 
the  hardwoods  on  these  soils,  where  they  are  able  to  establish  them- 
selves quickly  and  to  eliminate  large  numbers  of  the  slower-growing 
and  less  aggressive  conifers.  Table  9  and  Figure  4  show  the  rela- 
tive abundance  of  softwoods  and  hardwoods  in  the  spruce-hardwoods 
type.  This  forest  type  is  largely  the  result  of  soil  types  1,  2,  and  3, 
and  is  therefore  particularly  favorable  to  the  establishment  of  hard- 
wood species. 

Spruce  flats  are  likely  to  have  a  high  representation  of  soil  type  4, 
a  soil  with  poor  underdrainage.  Spruce  and  fir,  possessing  the  abil- 
ity to  thrive  in  w^et  soils,  have  an  advantage  over  the  hardwoods — 
particularly  over  the  more  fastidious  beech  and  sugar  maple — and 
form  the  dominating  element  of  the  reproduction.  The  greater 
abundance  of  softwood  reproduction  in  the  spruce  flat  is  clearly 
brought  out  in  Table  9  and  Figure  4.  The  hardwood  reproduction 
in  this  type  consists  largely  of  birch  and  red  maple,  species  not  very 
exacting  in  their  soil  requirements,  and  tolerant  of  wet,  poorly 
drained  soils. 

Beyond  these  very  general  conclusions,  the  soil  problem  is  ex- 
tremely complicated  and  one  which  has  yet  to  be  approached  from 
many  angles — not  only  those  related  to  physical  and  chemical  com- 
position, but  the  biological  aspects  as  well — before  more  exact  deduc- 
tions can  be  made.  It  is  believed,  however,  that  the  soil  investiga- 
tions so  far  conducted,  though  preliminary  in  nature,  warrant  the 
conclusion  that  a  definite  relationship  exists  between  the  composition 
of  reproduction  and  the  physical  character  of  the  soil  as  affected  by 
drainage,  a  fact  which  can  be  of  considerable  value  to  the  forester 
in  applying  certain  silvicultural  measures  in  spruce  stands. 

EXPOSURE 

Variation  in  exposure,  where  accompanied  by  marked  differences 
in  physiographic  and  atmospheric  conditions,  frequently  modifies  the 
composition  of  the  stand  even  to  the  extent  of  a  change  in  forest 
type.  In  order  to  determine  whether  or  not  any  dependable  rela- 
tionship exists  between  exposure  and  the  composition  of  stands, 
data  already  gathered  were  classified  and  analyzed  on  the  basis  of 
exposure.  (Table  14.)  Data  from  the  spruce-hardwoods  type  were 
selected  for  this  purpose  rather  than  those  from  the  spruce-flat  type 
because  of  the  necessity  for  a  sharp  definition  of  topography  and 
exposure.  Spruce  flats  are  likely  to  be  level  or  rolling,  whereas  the 
spruce-hardwoods  type  more  often  occurs  on  the  lower  mountain 
slopes.     Presumably   the   effect   of   exposure   would  be   even   more 
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striking  in  the  spruce-slope  type,  but  the  small  quantity  of  data 
gathered  in  this  type  precluded  a  fair  distribution  of  exposures. 

Table  14. — Relation  of  cofnpoaition  of  reproduction  to  exposure,  apruce-hard- 
tcoods  type,  on  a  basis  of  1S2  plots 


Exposure 

Conifers 

Hard- 
woods 

Spruce 

Fir 

Exposore 

Conifers 

Hard- 
woods 

Spruce 

Fir 

Northwest 

Per  cent 
32 
33 
61 
24 
13 

Per  cent 

68 

% 

76 

87 

Per  cent 
32 
62 
63 
83 
62 

Per  cent 
68 
38 
47 
17 
48 

South 

Percent 
35 
62 
49 
32 
41 

Percent 
65 
48 
51 
68 
69 

Percent 
63 
82 
36 
32 
62 

Percent 
37 

North 

Southwest 

West 

1» 

Northeast. .     . 

64 

East 

Northwest 

Level 

68 

Southeast 

3S 

The  effect  of  exposure  as  indicated  by  Table  14  is  indeterminate, 
and  in  some  instances  the  results  obtained  are  contradictory.  Take, 
for  example,  the  northerly  and  southerly  aspects  as  separate  units. 
The  average  representation  of  hardwoods  for  the  north,  northeast, 
and  northwest  exposures  is  61.3  per  cent  as  against  66.7  per  cent 
for  all  southerly  aspects.  Yet  the  strictly  northern  exposure  has  a 
slightly  higher  representation  of  hardwoods  than  the  southern. 
Similarly,  if  the  north,  northeast,  and  east  exposures,  and  the  south, 
southwest,  and  west  are  considered  as  two  units,  the  conditions  more 
or  less  parallel  those  existing  on  the  northern  and  southern  expo- 
sures; the  average  for  hardwoods  on  the  northeastern  exposures 
is  64  per  cent,  and  for  the  southwestern  only  54.7  per  cent.  This 
might  indicate  a  preference  on  the  part  of  the  hardwoods  for  the 
cool  northeasterly  exposures. 

Of  the  conifer  reproduction  on  the  three  northerly  and  three 
southerly  exposures,  the  percentage  of  fir  is  considerably  greater 
on  northerly  than  on  southerly  exposures.  This  is  more  or  less 
in  accord  with  other  evidence  showing  that  fir  prefers  moist  cool 
sites — it  is  more  abundant  in  the  moist  spruce-flat  type  than  in  the 
higher  and  better  drained  spruce-hardwoods  type.  Fir  on  the  north- 
erly (northern,  northwestern,  and  northeastern)  exposures  consti- 
tutes 51  per  cent  of  the  pulpwood  species  and  only  34  per  cent  on  the 
southerly  (southern,  southwestern,  and  southeastern)  exposures;  yet 
in  comparison  the  representation  of  fir  is  lower  on  the  northeasterly 
(northern,  northeastern,  and  eastern)  than  on  the  southwesterly 
(southern,  southwestern,  and  western),  the  percentages  being  34 
and  40  respectively.  A  comparison  of  eastern  and  western  expo- 
sures also  fails  to  bring  to  light  any  decided  relationship  between 
exposure  and  composition. 

The  rather  contradictory  results  obtained  lead  to  the  conclusion 
that  the  spruce-hardwoods  type  is  provided  so  abundantly  with 
rainfall  that  exposure  has  no  marked  effect  on  the  composition  of 
the  reproduction;  or  such  must  be  the  assumption  until  detailed 
studies  of  environmental  factors  have  been  made. 

SEED-BED  CONDITIONS 

Although  advance  reproduction  is  depended  upon  as  the  main 
resource  in  the  renewal  of  the  stand,  it  is  not  always  sufficient  in 
quantity  to  restock  cut-over  areas  fully  and  must  be  supplemented 
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by  new  crops  of  seedlings.    It  is  essential,  therefore,  to  learn  what 
seed-bed  conditions  favor  the  establishment  of  desirable  species. 

THE   CHERRY  MOUNTAIN   EXPERIMENT 

It  is  generally  recognized  that  seed-bed  conditions  play  an  im- 
portant part  in  the  germination  and  ultimate  survival  of  repro- 
duction and  may  to  a  large  extent  determine  the  composition  of  the 
succeeding  crop  of  timber.  In  order  to  gain  some  information  on 
this  important  question,  16  intensive  reproduction  plots  were  es- 
tablished on  the  Cherry  Mountain  permanent  sample  plots  located 
in  the  White  Mountain  National  Forest  in  the  spruce-hardwoods 
type,  and  representing  two  distinct  types  of  seed  beds.  On  one  set 
of  plots  all  of  the  litter  consisting  of  half-decomposed  leaves, 
branches,  rotted  logs,  moss,  and  herbaceous  vegetation  was  removed, 
exposing  the  soil.  The  second  set  were  left  undisturbed.  In  this 
same  year,  and  just  previous  to  the  cutting  of  the  timber,  an  ex- 
cellent crop  of  seed  was  borne  by  both  spruce  and  fir.  Tallies  of 
all  newly  germinated  seedlings  were  made  at  different  periods,  the 
results  of  which  are  recorded  in  Table  15. 


Table  15,— Relation  of  seed-bed  condition  to  germination  and  survival  of  dif- 
ferent species  in  1925  crop  of  seedlings,  in  seedlings  per  mil-acre  (1/1000 
acrey 


TREATED  PLOTS  (SOIL  THOROUGHLY  EXPOSED) 

Date  of  examination 

Red 
spruce 

Balsam 
fir 

Yellow 
birch 

Red  !    Pin 
maple  cherry 

Beech 

Sugar 
maple 

Conifers 

Hardwoods 

Junen,  1925  J 

No. 
2.7 
4.7 
1.4 

No. 
25.3 
22.5 
8.0 

No. 

No.    1    No. 

.   .  ... 
No. 

No. 

No. 
28.0 
27.2 
9.4 

P.ct. 

100.0 

6.8 

21.3 

No. 

P.ct. 

Oct.  2,  1925 

363.3 
32.0 

0.  7        7.  3 
0            2  6 

0.1 
o 

0 
0.2 

371.4 
34.8 

93  2 

Junel,  1926 

78  7 

1 

UNTREATED  PLOTS  (GROUND  COVER  LEFT  UNDISTURBED) 

June  11,  1925  2 

0 

1.7 
.5 

3.7 
4.7 
1.5 

3.7 
6.4 
2.0 

100.0 

6.9 

26.7 

Oct.  2,  1925      . 

84.5 
4.8 

1.0 
.3 

1.3 
.3 

.1 
0 

.1 
.1 

87.0 
5.5 

93  1 

June  1,  1926 

73  3- 

1 16  plots  form  the  basis  for  this  experiment. 
*  Hardwoods  were  just  beginning  to  germinate. 

The  spring  tally  of  1925  on  the  exposed  and  undisturbed  plots 
brought  out  some  striking  comparisons.  On  an  acre  basis,  the 
exposed  plots  produced  2,700  spruce  and  25,300  fir  seedlings  as 
against  a  total  absence  of  spruce  and  3,700  fir  on  the  undisturbed 
plots.  (Fig.  9.)  Some  hardwoods  were  just  beginning  to  germinate,^ 
but  the  species  could  not  be  determined.  The  excess  of  seedlings 
on  the  exposed  plots  indicates  that  they  represent  seed-bed  condi- 
tions favorable  for  germination  of  numerous  seedlings.  It  is  signifi- 
cant that  no  spruce  germination  had  occurred  on  the  undisturbed 
plots  up  to  June  11. 

The  October  tally,  recording  totals  which  on  an  acre  basis  would 
equal  for  exposed  plots  4,700  spruce  and  22,600  fir  to  the  acre  and 
for  the  undisturbed  plots  1,700  spruce  and  4,700  fir,  gave  evidence  in 
approximate  figures  of  (1)  a  75  per  cent  increase  of  spruce  and  a  10 
per  cent  loss  of  fir  on  the  exposed  plots;   (2)  the  presence  of  1,700 
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spruce  on  the  undisturbed  plots  in  contrast  to  a  total  absence  of 
spruce  in  the  June  tally;  (3)  an  increase  of  25  per  cent  in  the  fir 
seedlings  on  the  undisturbed  plots;  and  (4)  the  germination  of 
hardwoods  in  overwhelming  numbers  on  both  sets  of  plots,  but 
with  the  exposed  plots  greatly  in  the  lead. 

A  tally  in  the  spring  of  192G  indicated  a  tremendous  winter 
mortality  in  all  species.  The  spruce  were  reduced  from  4,700  to 
1,400  per  acre,  nr  from  22,500  to  8,000,  and  hardwoods  from 
371,400  to  34,800  on  the  exposed  plots,  while  on  the  undisturbed 
plots  the  spruce  were  reduced  from  1,700  to  500  per  acre,  fir  from 
4,700  to  1,500,  and  hardwoods  from  87,000  to  5,500.  From  the  table 
it  will  be  seen  that  the  extremely  heavy  mortality  in  hardwoods 
during  the  first  winter  greatly  increased  the  relative  proportion  of 
pulpwoods  on  both  exposed  and  undisturbed  plots. 

A  study  of  the  data  leads  to  the  conclusion  that  spruce  and  fir 
germination  is  more  profuse  on  exposed  soils  where  litter  and  plant 


DATE  OF 
EXAMINATION 


JUNE 
1925 


SOIL   THOROUGHLY    EXPOSED 


GROUND    COVER 
UNDISTURBED 


JUNE 
1926 


20  25       O 

SEEDLINGS    PER   ACRE   (THOUSANDS) 

^^FIR  Id  SPRUCE 

Figure  9. — Seedling  survival  in  relation  to  seed-bed  conditions 

growth  have  been  dragged  away,  as  in  skid  trails  and  near  log 
landings,  than  on  undisturbed  areas  covered  with  hardwood  leaf 
litter,  matted  needles,  grasses,  and  other  plant  growth.  An  examina- 
tion of  the  leaf  litter  on  the  undisturbed  plots  disclosed  ungerminated 
seed  lying  between  the  dry  layers  of  hardwood  leaves.  Leaf  litter 
may  thus  tend  to  delay,  even  if  it  does  not  prevent,  germination 
of  seed.  Germination  of  both  spruce  and  fir  also  occurs  earlier 
on  exposed  areas,  and  it  appeal's  that  fir  is  able  to  take  advantage  of 
favorable  conditions  more  quickly  than  is  spruce.  In  the  initial 
development  of  a  new  crop  on  cut-over  areas  of  the  spruce  types,  fir 
has  a  greater  representation  than  in  the  original  stand,  because  of 
its  abundant  germination  and  its  ability  to  take  immediate  advantage 
of  factors  favoring  growth  and  development. 

SEED-BED   CONDITIONS  BEFORE  AND  AFTER  CUTTING 

Examination  of  reproduction  in  the  uncut  stands  throws  addi- 
tional light  on  the  part  played  by  seed-bed  conditions  in  the  estab- 
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lishment  of  spruce  and  fir  seedlings.  Whereas  in  cut-over  stands 
spruce  and  fir  seedlings  find  great  difficulty  in  becoming  established 
on  old  decayed  windfalls,  this  appears  to  be  one  of  the  favorable 
sites  in  the  old  growth.  The  dense  shade  cast  by  mature  spruce 
stands  creates  conditions  inimical  to  the  establishment  of  hardwood 
seedlings  and  at  the  same  time  preserves  moisture  in  the  forest 
floor.  In  view  of  these  advantages  and  the  great  tolerance  exhibited 
by  both  spruce  and  fir,  it  is  not  surprising  that  every  type  of  seed 
bed,  from  mineral  soil  to  deep  humus  and  decayed  wood  of  wind- 
falls and  logs,  should  be  supplied  with  seedlings,  regardless  of  the 
actual  soil  characteristics.  If  moisture,  the  controlling  factor,  is 
present  in  sufficient  quantities,  almost  any  type  of  seed  bed  en- 
countered in  the  spruce  forest  answers  the  requirements  for  seedling 
germination  and  survival  of  conifers.  Only  where  the  canopy  is 
extremely  dense,  or  where  the  duff  of  half-decomposed  needles  and 
other  vegetation  has  accumulated  to  a  considerable  depth,  are  spruce 
and  fir  seedlings  prevented  from  getting  a  permanent  foothold  in 
the  forest  floor.  ^ 

The  opening  up  of  the  stand,  however,  greatly  alters  site  condi- 
tions, for  evaporation,  rate  of  transpiration,  and  temperature  are 
thereby  greatly  increased.  On  recently  cut-over  areas  varying  num- 
bers of  seedlings  ranging  from  a  few  inches  to  a  few  feet  in  height, 
which  in  the  old  forest  had  succeeded  in  establishing  themselves 
on  decayed  logs,  were  observed  to  have  succumbed  to  the  effects 
of  sudden  exposure.  Decomposed  humus,  although  it  has  a  great 
retentive  capacity  for  water,  has  also  a  high  wilting  coefficient ;  hence 
a  proportionately  small  quantity  of  soil  moisture  is  available  to  the 
seedlings  it  supports.  Much  of  the  mortality  among  the  seedlings 
is  due,  probably,  to  their  inability  to  get  a  proper  amount  of  soil 
moisture  and  to  lengthen  their  root  systems  quickly  enough  to  keep 
pace  with  the  rapicUy  subsiding  moisture  level  following  cutting. 
The  percentage  of  forest  floor  covered  with  decayed  logs,  however, 
is  comparatively  small;  hence  the  total  number  of  seedlings  lost 
through  excessive  exposure  is  relatively  low. 

It  is  evident  from  the  above  that  a  different  type  of  seed  bed  from 
that  ordinarily  existing  in  the  uncut  forest  must  be  present  on  cut- 
over  lands  if  restocking  of  bare  areas  with  new  conifer  seedlings  is 
to  be  expected,  and  the  indication  is  that  desirable  conditions  are 
created  through  the  removal  of  the  mat  of  leaf  litter  and  duff,  plac- 
ing the  seed  directly  in  contact  with  the  bare  soil.  Thus  the  rootlets 
are  permitted  to  penetrate  immediately  into  the  upper  soil  layers 
and  to  reach  a  permanent  source  of  moisture  without  expending 
undue  energy  in  pushing  their  way  through  dry  and  desiccating 
layers  of  matted  leaves  and  other  debris. 

FACTORS  AFFECTING  THE  DEVELOPMENT  OF  THE  NEW 

STAND 

The  presence  of  advance  reproduction  makes  possible  the  early  and 
rapid  regeneration  of  the  stand,  as  is  evidenced  by  the  normal  de- 
velopment of  young  conifer  stands  on  areas  where  there  is  no  inter- 
ference from  competing  growth.     Regeneration  of  cut-over  spruce 
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lands  with  desirable  species  would  be  easy  of  accomplishment  were 
it  not  for  the  keen  competition  offered  by  the  residual  stand  of 
hardwoods  and  by  the  underbrush  and  young  hardwood  growth 
which  often  take  possession  of  cut-over  lands  following  logging. 

COMPETING  GROWTH 

WEEDS  AND  SHRUBS 

Red  raspberry  {Rubus  idaeics)  is  probably  the  most  common  type 
of  undergrowth  encountered  on  cut-over  spruce  lands,  coming  in 
most  heavily  on  lands  particularly  suited  to  the  growth  of  softwoods. 
Blueberry  {V aceiniv/ni  sp.)  and  witch  hobble  (Viburnum  cdnifolium) 
also  come  up  abundantly  on  cut-over  areas,  the  former  particularly 
on  sandy  soils  and  soils  with  peaty  characteristics.  Red  raspberry 
appears  to  thrive  best  in  moist  situations  enjoying  an  abundance  of 
light.  However,  where  the  ground  becomes  too  moist  and  boggy,  it 
may  give  way  to  a  growth  of  sedges  and  moss.  The  moist  sites  of 
the  spruce-flat  type  appear  to  be  the  best  for  raspberrv  bushes. 
Where  stands  have  been  heavily  cut  and  an  abundance  of  sunlight 
strikes  the  forest  floor,  raspberry  growth  springs  up  in  dense  masses, 
often  taking  complete  possession  of  log  roads,  skid  trails,  and  log 
landings. 

In  some  instances  the  common  brake  fern  {Pteridium  latitoscvlum) 
becomes  established  under  the  same  conditions  that  favor  the  estab- 
lishment of  raspberry.  Brake  appears  to  be  the  more  tolerant  of 
shade,  however,  and  where  the  two  appear  together  the  brake 
frequently  shades  out  the  raspberry.  The  density  and  extent  of 
raspberry  growth  are  stronglv  influenced  by  the  openness  or  density 
of  the  canopy  overhead.  Where  the  canopy  is  unbroken  raspberry 
is  noticeably  absent. 

There  are  certain  redeeming  features  connected  with  raspberry 
growth  which  are  worthy  of  consideration.  Undoubtedly,  through 
its  root  system's  complete  occupation  of  the  upper  soil  layer  rasp- 
berry interferes  seriously  with  the  establishment  of  new  seedlings, 
and  at  the  same  time  suppresses  so  great  a  number  of  seedlings 
already  established  that  much  of  the  advance  reproduction  eventually 
dies.  In  this  respect  it  may  be  considered  as  an  aid  in  thinning  out 
dense  thickets  of  reproduction  in  the  early  youth  of  the  stand,  thus 
preventing,  to  a  degree  at  least,  the  formation  of  overcrowded 
young  stands  of  spruce  and  fir.  Raspberry  bushes  seldom  reach  a 
height  of  over  4  or  5  feet.  At  this  height  the  taller  and  more  vigor- 
ous conifer  seedlings,  which  have  pushed  their  leaders  through  the 
tangled  undergrowth,  are  released  from  severe  competition,  and 
thereafter  put  on  rapid  growth.  Hardwoods  are  less  able  to  with- 
stand the  severe  crowding  and  shading  by  raspberry  growth,  witch 
hobble,  and  brake,  and  are  severely  hampered  in  their  establishment 
by  these  factors.  This  is  a  distinct  aid  to  the  young  conifers,  for  it 
is  the  hardwoods  in  the  long  run  that  act  as  the  chief  competitors 
of  spruce  and  fir. 

WEED  TREES  AND  YOUNG  HARDWOODS 

On  th^  higher  knolls  in  the  spruce-flat  type,  particularly  in  the 
better  drained  spruce-hardwoods  type  where  raspberry,  brake,  and 
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blueberry  bushes  assume  less  importance,  openings  are  frequently 
occupied  by  dense  growths  of  mountain  maple,  striped  maple,  or  pin 
cherry,  in  addition  to  a  number  of  the  merchantable  hardwood 
species.  Witch  hobble  is  usually  present,  and  in  some  instances  is 
encountered  in  the  spruce  slope  in  mixture  with  pin  cherry  and  paper 
or  yellow  birch. 

On  cut-over  areas  mountain  and  striped  maple  become  unusually 
troublesome  weed  trees  because  of  their  tendency  to  produce  fast- 
growing,  wide.-spreading  clumps  of  sprouts  after  being  cut  down  in 
swamping  operations.  Their  sprouting  capacity,  their  ability  to 
grow  under  shade,  and  their  power  for  early  rapid  growth  as  well 
as  their  general  abundance  all  combine  to  hinder  the  development  of 
the  desirable  species.  On  areas  whose  canopies  have  been  little  dis- 
turbed through  cutting,  beech  and  hard  maple,  being  even  more  tol- 
erant than  striped  and  mountain  maple,  find  little  difficulty  in  be- 
coming established.  Where  extensive  clearings  have  been  made  pin 
cherry,  paper  birch,  poplar,  and  to  a  less  extent  yellow  birch,  come 
in  thickly.  Prolific  seeding  and  abundant  germination  account  for 
the  myriad  hardwood  stems  that  spring  up  on  areas  following  log- 
ging. Rapid  height  growth  then  makes  it  possible  for  these  stems 
to  overtop  the  slower-growing  spruce  and  fir,  and  thus  early  in  life 
to  attain  a  lead  w^hich  they  maintain  for  many  years. 

On  log  landings,  skid  trails,  and  roads  particularly,  where  the 
taller  reproduction  has  been  cleared  away  or  destroyed  in  the  skid- 
ding and  hauling  operations,  the  dense  masses  of  young  hardwoods 
offer  severe  competition  to  spruce  and  fir  reproduction.  These 
cleared  areas  are  dependent  for  restocking  on  small  seedlings  which 
may  have  escaped  destruction  and  upon  the  subsequent  germination 
of  new  seedlings.  Hardly  has  the  advance  growth,  how^ever,  had  an 
opportunity  to  recover  and  attain  an  appreciable  height  when  the 
weed  hardwoods  take  possession  of  the  open  areas  and  through  rapid 
height  growth  assume  the  role  of  oppressors. 

RESroUAL  STAND 

A  factor  of  far-reaching  and  lasting  importance  in  its  effect  on 
the  ultimate  development  of  the  young  softwoods  is  the  stand  of 
large  residual  hardwoods  left  after  logging.  This  menace  is  most 
pronounced  in  the  spruce-hardwoods  type  where  hardwoods  occur 
most  abundantly.  (PI.  5,  A.)  With  the  pulpwood  species  re- 
moved, the  residual  stand  may  vary  from  a  few  hardwood  trees  per 
acre  to  as  high  as  200,  ranging  from  1  inch  to  25  or  30  inches  diam- 
eter at  breast  height.  (Table  12.)  The  young  conifers,  after  fight- 
ing their  way  through  a  growth  of  underbrush  must  still  contend  for 
many  years  with  this  overstory  before  attaining  a  dominant  position 
in  the  stand. 

Age  and  composition  of  the  residual  stand  have  a  distinct  effect 
upon  the  development  of  the  conifer  reproduction  following  cutting 
since  they  control  to  a  great  extent  the  amount  of  light  that  reaches 
the  forest  floor.  Considerable  light  penetrates  the  canopy  where 
the  residual  hardwoods  are  overmature  and  have  open  crow^ns,  per- 
initting  normal  development  of  the  understory  of  spruce  and  fir.  In 
like  manner  the  birches,  particularly  paper  birch,  with  characteris- 
tically open  crowns,  give  spruce  and  fir  seedlings  opportunity  to 
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develop  normally,  though  with  possibly  less  early  height  growth. 
(PL  5,  B.)  In  young  stands  of  birch  where  the  canopy  is  consider- 
ably denser  than  in  older  stands,  height  growth  is  greatly  retarded. 
Where  beech  and  sugar  maple  occur  in  mixture  with  other  hard- 
woods, the  understory  of  young  spruce  and  fir  progresses  very 
slowly,  often  coming  to  an  almost  complete  standstill  and  developing 
short  and  very  wide  crowns,  or  in  extreme  cases  even  failing  to 
maintain  terminals  and  forming  what  are  commonly  termed  um- 
brella tops.     (PL  6,  A.) 

Where  the  stand  consists  of  different  species  that  make  unlike  de- 
mands upon  the  site,  competition  is  greatly  reduced.  For  example, 
where  tolerant  spruce  and  fir  occur  in  mixture  with  the  compara- 
tively intolerant  birches,  pin  cherry,  and  aspen,  the  demands  with 
respect  to  light,  moisture,  and  nutrients  differ  widely.  This  explains, 
in  a  measure  at  least,  the  fact  that  spruce  and  fir  saplings  are  often 
found  growing  satisfactorily  in  abundance  beneath  such  hardwoods 
as  paper  birch,  aspen,  pin  cherry,  and  yellow  birch. 

Where  spruce  and  fir  grow  in  mixture  with  such  hardwoods  as 
beech  and  sugar  maple,  the  demands  of  all  with  respect  to  external 
conditions,  particularly  light,  are  similar,  and  competition  is  most 
keen.  Distinct  layers  of  canopy  are  encountered,  particularly  in  the 
spruce-hardwoods  type.  On  one  series  of  plots  in  this  type,  25  young 
trees  3  to  6  feet  in  height — 3  of  which  were  fir  and  the  remainder 
spruce — were  found  growing  underneath  the  canopy  of  an  8-inch 
beech  with  a  crown  spread  of  18  feet.  The  beech,  in  turn,  was  over- 
topped by  a  16-inch  yellow  birch  with  a  crown  spread  of  30  feet. 
The  survival  of  spruce  and  fir  beneath  the  2-storied  canopy  formed 
by  the  beech  and  birch  illustrates  the  capacity  of  these  species  to 
withstand  extreme  suppression.  Eventually,  unless  the  overhead 
canopy  is  removed,  most  of  these  young  trees  will  stagnate  and  die. 
The  sturdiest  individuals  that  succeed  in  reaching  into  the  intermedi- 
ate story  develop  into  flat-topped  trees  having  little  or  no  mer- 
chantable value,  because  of  the  mechanical  interference  offered  by 
the  limbs  of  the  overtopping  hardwoods. 

It  is  in  the  spruce-hardwoods  type  that  hardwoods  exert  their 
greatest  influence  over  the  new  crop  of  pulpwood.  Here  spruce  and 
fir  become  established  only  after  the  severest  of  struggles.  In  the 
spruce-flat  type,  owing  to  the  shallow,  often  wet  soils,  beech  and 
sugar  maple,  natural  rivals  of  spruce  and  fir,  are  infrequent,  and 
in  the  wetter  sites  even  paper  birch,  the  most  common  hardwood  in 
mixture  with  spruce  and  fir,  becomes  scattering,  or  develops  into 
small  trees  that  succumb  at  an  early  age.  Hence,  with  the  diminish- 
ing importance  of  hardwoods  as  a  factor  affecting  the  development 
of  the  young  conifer  stand,  and  the  general  abundance  of  advance 
spruce  and  fir  reproduction,  little  difficulty  is  experienced  in  the 
spruce-flat  type  in  maintaining  the  puli)wood  species. 

The  spruce-slope  type  with  its  steep  slopes  and  rocky,  shallow  soil, 
presents  conditions  which  are  unfavorable  to  the  establishment  of 
many  of  the  hardwood  species  common  to  the  other  types.  Logging 
in  this  type  leaves  only  a  few  scattering,  crippled  birches  that  die 
within  a  few  years  and  the  young  stand  of  conifers  thus  meets  with 
practically  no  competition  from  the  residual  stand.     Although  cut- 
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ting  is  usually  followed  by  dense  growths  of  paper  birch,  pin  cherry, 
and  yellow  birch,  the  conifers  in  time  push  their  way  through  this 
growth  and  become  the  dominant  element  in  the  stand. 

EFFECT   OF   COMPETING   HARDWOODS    ON   HEIGHT   GROWTH   OF 

SPRUCE  SEEDLINGS 

The  extent  to  which  hardwoods  affect  the  height  growth  of  red 
spruce  seedlings  is  well  illustrated  by  Figures  10  and  11.  It  will 
be  seen  from  Figure  10  that  seedlings  growing  beneath  a  heavy 
canopy  of  residual  hardwoods  fail  to  show,  for  as  much  as  12  years 
after  cutting,  any  appreciable  response  in  height  growth  as  a  result  of 
the  removal  of  the  mature  spruce  and  fir.     The  graph  was  drawn 
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Figure    10. — Yearly    height    growth    of   red    spruce    following    cutting   under    three 
different  conditions  of  hardwood  competition.     Basis,  42  red  spruce  seedlings 

from  data  taken  on  12-year-old  cut-over  areas  supporting  a  dense 
stand  of  residual  hardwoods  of  which  a  high  percentage  was  beech 
and  sugar  maple.  A  noticeable  response,  however,  is  shown  for  seed- 
lings which  were  released  from  oppression  through  the  removal  of  the 
hardwood  canopy.  Although  the  annual  rate  of  growth  of  1.5  inches 
during  the  first  and  second  year  following  cutting  shows  practically 
no  increase  over  that  of  seedlings  growing  in  uncut  stands,  the  third 
year  witnesses  an  increase,  as  does  each  succeeding  year,  until  a 
maximum  of  nearly  8  inches  is  attained  in  the  tenth  or  eleventh 
year  following  cutting. 

Where  removal  of  both  softwoods  and  hardwoods  is  followed  by 
an  invasion  of  young  hardwoods,  height  growth  of  the  released 
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conifers  will  ultimately  be  retarded.  For  the  first  five  years  follow- 
ing logging  the  conifer  seedlings  make  good  growth,  each  successive 
year  showing  an  increase  over  the  previous  one.  But  after  the  fifth 
year  annual  height  growth  begins  to  diminish,  until  by  the  tenth 
year  it  barely  exceeds  ll^  inches.  At  the  time  of  examination  this 
cutting  was  11  years  old  and  in  addition  to  advance  reproduction 
of  spruce  and  fir  supported  an  average  of  700  hardwood  stems  above 
1  inch  diameter  at  breast  height  per  acre,  practically  all  of  which  had 
originated  since  the  cutting,  not  to  mention  large  numbers  of  addi- 
tional hardwoods  below  this  size.  The  main  canopy  of  the  hardwood 
growth  was  about  12  feet  in  height,  indicating  that  the  dominant 
young  hardwoods  had  maintained  an  average  annual  growth  of  more 
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Figure   11. — Relative    rates   of   growth   of   red    spruce    seedlings   following   cutting 
under  open  and  dense  canopies.     Basis,  77  red  spruce  seedlings 

than  1  foot.  The  spruce  and  fir  seedlings,  which  at  the  time  of  cut- 
ting averaged  6  inches  in  height,  were  badly  outstripped  by  their 
hardwood  associates — the  maximum  height  growth,  attained  in  the 
fifth  year,  amounting  to  5  inches.  At  the  end  of  11  years  the  total 
height  growth  put  on  by  the  6-inch  spruce  was  approximately  3 
feet.  Without  question  many  of  the  spruce  and  fir  will  eventually 
break  through  the  canopy  formed  by  the  new  stand  of  hardwoods, 
but  it  will  be  many  years  before  they  sain  supremacy. 

Figure  11  compares  the  accumulated  height  growth  of  spruce  seed- 
lings under  open  and  dense  hardwood  canopies  for  a  period  of  12 
years  following  cutting.  In  the  open  the  seedlings  snow  a  total 
height  growth  of  more  than  75  inches,  as  against  barely  20  inches 
for  those  in  the  shade. 
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RELATIVE  RATES  OF  GROWTH  OF  RED  SPRUCE  AND  BALSAM  FIR 

SEEDLINGS 

The  relative  rates  of  growth  of  red  spruce  and  balsam  fir  seedlings 
following  the  removal  of  the  mature  stand  can  best  be  studied  by 
consulting  Table  16  and  Figure  12.  It  will  be  noted  that  balsam 
fir,  even  the  first  year  following  cutting,  puts  on  more  height  growth 
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FiGDRB  12. — Relative  rates  of  growth  of  dominant  red  spruce  and  balsam,  fir 
seedlings  following  cutting.  Spruce-hardwoods  type.  Basis,  62  red  spruce  and 
36  balsam  fir 


than  red  spruce.  Dominant  seedlings  were  selected  for  analysis, 
although  the  small  height  growth  put  on  by  them  the  first  year  fol- 
lowing cutting  indicated  that  previous  to  cutting  they  had  been  some- 
what suppressed.  At  the  end  of  the  eleventh  year  balsam  fir  had 
accumulated  a  42-inch  lead.  This  superior  capacity  for  height 
growth  in  fir  has  already  been  cited  as  in  a  measure  accounting  for 
the  high  representation  of  fir  in  young  sapling  and  pole  stands  found 
on  cut-over  areas. 
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Table  16. — Relative  rates  of  growth,  by  height  classes,  of  domitumt  red  spruce 
and  balsam  fir  seedlings,  formerly  suppressed  but  releaised  through  cutting, 
spruce-hardwoods   type 

RED  SPRUCE 
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For  the  11  years  following  cutting,  balsam  fir  put  on  an  average 
height  growth  of  9.8  inches  a  year  as  against  5.9  inches  for  spruce. 
The  maximum  height  growth  in  one  year  for  all  height  classes 
of  fir  is  19  inches  and  for  spruce  10  inches.  Annual  height  growth 
in  individual  fir  specimens  was  recorded  as  high  as  23  inches,  but 
this  was  unusual.  Specimens  of  spruce  seldom  attain  annual  height 
growth  of  over  14  inches.  In  contrast  with  the  rapid  growth  of 
spruce  seedlings  on  cut-over  areas  is  their  slow  growth  under  the 
heavy  canopy  of  the  mature  stand.  Figure  13  indicates  that  the 
average  red  spruce  seedling  developing  in  the  mature  stand  attains 
a  height  of  only  8  feet  in  61  years,  an  average  growth  of  approxi- 
mately 1%  inches  per  year.  It  required  40  years  to  reach  breast 
height.  The  general  absence  of  fir  seedlings  in  the  higher-sized 
classes  under  a  heavy  canopy  in  the  uncut  stands,  again  indicating 
the  less  persistent  character  of  the  fir,  makes  it  impractical  to  con- 
struct a  curve  showing  age  of  fir  seedlings  at  the  various  points 
above  4  feet  in  height.  However,  analyses  of  fir  seedlings  up  to 
3  and  4  feet  in  height,  growing  in  mature  stands,  show  approxi- 
mately the  same  rate  of  height  growth  as  spruce. 

EFFECT  OF  SIZE  AND  AGE  OF  SEEDLING  ON  HEIGHT  GROWTH 

A  factor  that  must  be  given  due  weight  in  the  management  of 
spruce  and  fir  stands,  particularly  in  the  spruce-hardwoods  type, 
is  the  rate  of  growth  tnat  the  seedlings  and  saplings  of  different 
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sizes  may  be  expected  to  attain  following  cutting,  and  their  corre- 
sponding ability  to  meet  competition.  Even  when  spruce  and  fir 
reproduction  is  abundant,  raspberry  growth,  witch  hobble,  weed 
species,  and  aggressive  hardwoods  compete  strenuously  for  a  posi- 
tion in  the  new  stand,  and  it  is  therefore  important  that  the  advance 
reproduction  be  of  sufficient  height  to  maintain  its  ascendency  over 
the  incoming  hardwoods  and  other  competing  growth. 

An  analysis  of  a  large  number  of  suppressed  seedlings  and  sap- 
lings brought  out  great  differences  in  their  capacity  for  height 
growth  following  cutting.  Only  dominant  individuals  were  selected 
for  study.  Figure  14  shows  that  small  saplings,  ranging  between 
2  and  5  feet  in  height  at  the  time  of  cutting,  put  on  the  most  rapid 
height  growth  thereafter.  For  example,  small  saplings  4  feet  in 
height  at  the  time  of  cutting  reached  a  height  of  nearly  15.5  feet 
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Figure  13. — Rate  of  growth  of  red  spruce  seedling  growth  under  heavy  canopy  of 
mature  stand   (spruce-hardwoods  type) 


in  a  13-year  period,  an  increase  of  11.5  feet.  On  the  other  hand, 
a  10-foot  suppressed  sapling  in  the  same  period  of  time  increased 
only  5.5  feet  in  height.  The  yearly  height-growth  curves  show 
that  small  saplings  from  2  to  5  feet  in  height  recover  more  promptly 
after  cutting  than  do  seedlings  of  any  other  height  class.  (PL  6,  B.) 
Ten-foot  saplings,  for  example,  require  a  recovery  period  of  five 
years  before  they  show  a  truly  accelerated  growth.  For  extremely 
flat-topped  trees  where  new  terminals  must  Jbe  developed  this  period 
of  suppression  may  be  even  longer.     (PL  7,  A.) 

The  figure  also  indicates  that  seedlings  germinating  in  the  year  of 
cutting  will  attain  breast  height  in  approximately  14  to  15  years,  if 
not  interfered  with  by  hardwoods  or  brush  growth.  The  slow  growth 
of  spruce  reproduction  under  the  mature  stand  is  also  indicated,  as 
well  as  the  remarkable  capacity  it  possesses  for  recovery  after  long 
periods  of  suppression.     Even  some  specimens  10  and  15  feet  tall 
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Figure  14. — Chart  showing  current  annual  and  cumulatlvo  growth  for  13  years 
following  cutting  for  red  spruce  trees  of  various  heights  at  time  of  cutting;  and 
relationship  of  height  to  age.  Seedlings  and  saplings  suppressed  at  time  of 
cutting  and  released  through  cutting.  Original  canopy  dense.  All  trees  now 
dominant.     Basis,  62  red  spruce 
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with  a  crown  length  of  scarcely  a  foot  and  a  width  of  3  or  4  feet — 
the  characteristic  umbrella-topped  trees  with  closely  whorled 
branches  and  with  no  definite  terminals — were  observed  to  have  de- 
veloped new  leaders  following  the  removal  of  the  overhead  canopy, 
and  to  have  begun  developing  normal  crowns  and  putting  on  good 
height  growth.  In  some  instances  trees  were  noted  which  had  ap- 
parently undergone  two  suppression  periods  (as  indicated  by  the 
closely  whorled  branches  at  two  distinct  points  on  the  stem),  each 
followed  by  recovery  and  rapid  growth. 

Figure  14  also  illustrates  the  effect  of  age  of  spruce  seedlings  at 
the  time  of  cutting  on  their  age  at  various  heights.  For  example, 
a  seedling  14  years  old  and  1  foot  tall  when  cutting  occurred  is 
shown  to  be  over  22  years  of  age  when  it  attained  a  height  of  4.5 
feet;  whereas  a  seedling  30  years  old  and  3  feet  tall  at  time  of  cut- 
ting is  shown  to  be  over  33  years  of  age  by  the  time  it  reached 
breast  height.  This  difference  is  due,  of  course,  to  the  long  period 
that  the  older  seedling  grew  under  the  heavy  canopy  of  the  mature 
stand. 

SLASH  DISPOSAL 

In  order  to  show  the  effect  of  slash  on  reproduction,  observations 
of  slash  on  cuttings  of  different  ages  were  made.  An  intensive  study 
of  this  phase  of  the  problem  through  the  establishment  of  perma- 
nent sample  plots  is  now  under  way,  but  has  not  progressed  to  the 
point  where  comprehensive  conclusions  can  be  drawn. 

EXTENSIVE  SURVEY  OF  SLASH  CONDITIONS  « 

It  was  observed  that  the  rate  at  which  slash  deteriorates  varies 
greatly  not  only  with  species,  but  with  the  size  of  the  material. 
Moisture,  density,  exposure  to  sunlight,  and  temperature  as  con- 
trolled by  altitude  and  exposure,  also  affect,  although  less  strikingly, 
the  rate  of  decomposition.  Pronounced  differences  in  the  state  of 
decay  of  slash  on  cuttings  of  equal  ages  were  noted.  Softwood  slash 
at  elevations  of  3,000  feet  had  reached  less  advanced  stages  of  disin- 
tegration than  on  equal-aged  cuttings  located  at  2,000  feet  and 
lower.  Sunlight  and  moisture  were  also  noticeably  responsible  for 
the  activity  of  rot-producing  fungi.  Generally  speaking,  beech, 
birch,  and  maple  slash  decomposed  from  two  to  three  times  as  fast 
as  that  of  spruce  and  fir. 

HARDWOOD    SLASH 

Hardwood  tops  cut  in  late  winter  and  early  spring  usually  de- 
velop leaves  of  nearly  normal  size  and  in  many  instances  remain  green 
well  into  the  summer  season.  Such  tops,  together  with  those  cut 
during  the  summer,  hardly  represent  a  fire  hazard  until  the  approach 
of  fall.  In  the  course  of  the  first  year  the  smaller  twigs  and  branches 
become  brittle  and  show  the  first  stages  of  fungous  attack.  But  by 
the  end  of  the  third  year  new  growth  springing  up  on  cut-over  areas 
has  taken  possession  of  practically  all  the  openings  made  by  cutting, 
and  during  the  growing  season  greatly  reduces  the  fire  hazard.    In 

«  Examination  of  slash  on  cut-over  lands  and  formulation  of  the  following  discussion 
on  slash  deterioration  thereon  were  made  in  cooperation  with  Perley  Spaulding,  U.  S. 
Bureau  of  Plant  Industry. 
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the  spring  and  fall,  however,  the  dry  stems  and  leaves  add  to  the  fire 
danger.  By  this  time,  owing  to  the  breaking-down  action  of  three 
winters'  snows,  tops  have  flattened  to  a  considerable  degree  and  the 
branches  and  smaller  limbs  have  rotted  off  and  fallen  to  the  ground. 
This  process  continues  until  by  the  seventh  or  eighth  year  the  bulk 
of  the  hardwood  slash  has  decomposed.  Casehardened  limbs  and 
larger  water-logged  material  may,  however,  persist  for  a  considerably 
longer  period;  for  example,  on  a  10-year-old  cutting  where  yellow 
birch  limbs  4  and  5  inches  in  diameter,  lying  near  the  ground  and 
covered  with  decomposed  slash,  showed  practically  no  signs  of  decay. 
Further  examination  of  these  limbs  revealed  the  presence  of  consider- 
able moisture  and  an  unusually  high  temperature,  a  combination 
unsuited  to  fungous  activity. 

SOFTWOOD  SLASH 

Softwood  slash  disintegrates  at  a  much  slower  rate  than  does  that 
of  hardwood.  An  important  fact  is  that  the  highly  inflammable 
branches  below  1  inch  in  diameter  are  often  the  last  to  decompose, 
since  they  dry  out  so  quickly  that  conditions  are  extremely  unfavor- 
able for  rot-producing  fungi. 

The  first  year  after  cutting  is  characterized  by  the  drying  out  of 
needles  and  branches.  Most  of  the  spruce  needles  drop  off  by  the 
end  of  the  first  season,  but  fir  needles  usually  persist  through  the 
second  season,  some  even  remaining  into  the  third.  Fallen  needles, 
together  with  leaves  from  broad-leaved  trees,  continue  thereafter  to 
collect  near  the  bottom  of  slash  piles,  forming  thick  mats  which  may 
remain  in  an  undecomposed  state  for  a  number  of  years.  A  slow 
but  steady  rotting  in  both  sapwood  and  heartwood  continues,  so 
that  ordinarily  by  the  end  of  the  eighth  or  ninth  season,  2,  3,  and 
4  inch  branches  are  fairly  well  rotted.  Heavy  winter  snows  assist 
in  flattening  piles  and  windrows  of  slash,  tending  to  compact  the 
entire  mass,  thus  bending  or  crushing  such  advance  reproduction 
as  may  be  underneath.  From  the  tenth  year  on,  disintegration 
progresses  fairly  rapidly,  the  fire  hazard  being  ordinarily  reduced 
to  normal  by  the  twelfth  year.  However,  on  12-year-old  cut  overs 
many  of  the  thoroughly  seasoned  smaller  branches  in  the  topmost 
layer  show  no  appreciable  rot.  (PI.  8,  A.)  Even  at  the  end  of  20 
years,  main  stems,  though  somewhat  flattened  and  largely  rotted, 
may  still  retain  their  original  form,  while  in  unlopped  slash  resinous 
branches  often  persist.  It  was  noted  that  slash  resulting  from 
lopped  tops  disappears  more  quickly. 

At  the  end  of  12  years  the  heavy  needle  mat  formed  near  the  base 
has  largely  decomposed,  but  the  slash  pile  does  not  yet  represent 
favorable  conditions  for  the  germination  of  new  seedlings.  Occa- 
sional new  spruce  and  fir  seedlings  were  found  germinating  in  slash 
piles  in  18  and  20  year  old  cuttmgs.  In  most  instances,  however, 
they  were  found  coming  in  on  decayed  logs  sufficiently  decomposed 
to  form  fairly  deep  layers  of  mold, 

AREA  COVERED  BY  SLASH 

Although  it  was  observed  that  the  percentage  of  area  covered  with 
slash  is  influenced  by  such  factors  as  stand  composition,  number  of 
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trees,  branchiness- of  timber,  and  degree  of  utilization,  the  controlling 
factors  appear  to  be  that  of  the  volume  of  timber  removed  and  the 
method  of  slash  disposal.  On  special  plots  in  the  spruce-hardwoods 
type  where  different  systems  of  cutting  were  employed,  accurate 
records  were  kept  of  the  quantity  of  timber  removed,  the  quantity 
of  slash  resulting  therefrom,  and  the  area  actually  covered.  Table 
17  shows  the  relationship  of  system  of  cutting  to  area  covered  with 
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Figure  15. — Area  covered  by  slash  after  piling  and  burning  in  relation  to  volume 
of  stand  removed.     Spruce-hardwoods  type 

slash.  On  one-half  the  area  slash  was  left  undisturbed  as  it  fell, 
while  on  the  remaining  half  hardwood  tops  were  lopped  and  the 
softwood  slash  piled  and  burned. 

Table  17. — Relation  of  volume  of  timber  removed  per  acre  by  different  methods 
of  cutting  to  the  percentage  of  area  covered  with  slash 


Method  of  cutting 

Timber  removed 

Portion  of  area  covered 
with   light   and    dense 
slash 

Spruce 
and  fir 

Hard- 
woods 

Total 

Merchant- 
able volume 

Light  to 
medium 

Dense 

Total 

AH  merchantable  species  cut  to 
low  diameter     ..  

Board  feet 
11,250 

4,080 
2,990 

Board  feet 
3,980 

5,120 
0 

Board  feet 
15,230 

9,200 
2,990 

Per  cent 
91 

70 
26 

Per  cent 
6.0 

6.5 
7.1 

Per  cent 
26 

12 
0 

Per  cent 
32.0 

Selection  cutting  of  all  merchant- 
able species 

18.5 

7.1 

Figure  15  shows  for  the  series  of  plots  under  discussion  the  relation 
of  the  percentage  of  volume  removed  to  area  covered  with  slash  after 
piling  and  burning.  The  area  most  completely  covered  with  slash, 
32  per  cent,  had  suffered  the  heaviest  removal  of  timber,  approxi- 
mately 15,000  feet  board  measure  per  acre.  Approximately  2  per 
cent  of  each  plot  was  covered  with  slash  for  each  thousand  board  feet 
of  timber  removed.  On  an  adjacent  experimental  slash-disposal  plot 
on  which  no  slash  was  burned,  approximately  57  per  cent  of  the  area 
was  covered  with  slash.  In  this  case  for  each  1,000  board  feet  of 
timber  cut  per  acre,  8  per  cent  of  the  area  was  covered  with  slash. 

Table  18  gives  for  the  spruce-hardwoods  type  the  percentage  of 
the  area  studied  that  was  covered  with  lopped  hardwood  and  soft- 
wood slash,  classified  on  the  basis  of  slash  density.     The  table  shows 
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that  the  removal  of  8,750  board  feet  from  the  acre,  fairly  evenly 
divided  between  softwoods  and  hardwoods,  resulted  in  covering  17 
per  cent  of  the  area  with  conifer  and  22  per  cent  with  hardwood 
slash,  or  4.5  per  cent  for  each  1,000  feet  of  timber  removed  per  acre. 
On  the  basis  of  the  volume  of  wood  removed,  softwood  slash  covers 
only  67  per  cent  as  much  area  as  hardwood  slash.     Of  the  total  of  39 

Eer  cent  of  the  area  slash-covered,  18  per  cent  of  each  acre  is  occupied 
y  dense  slash,  11  per  cent  by  a  moderate  layer,  and  10  per  cent  is 
lightly  strewn.  Although  hardwood  slash  tends  to  occupy  a  greater 
surface  area  per  unit  of  volume  removed,  64  per  cent  of  it  falls  in 
the  class  of  medium  and  light  slash  as  against  36  per  cent  that  is 
classified  as  dense.  This  indicates  a  tendency  of  softwood  slash  to 
conjpact  itself. 


Table  18. — Percentage  of  area  covered  with  slash  on  area  logged  for  merchant- 
able hardwoods  and  softwoods,  and  percentage  of  slash  of  different  densities; 
all  slash  lopped;  spruce-hardwoods  type 


Slash 

Timber 
removed 
per  acre 

Distridu- 

tion  of 

slash  by 

type 

Area  covered  with  slash 

Distribution  of  slash  by 
densities 

Dense 

Medium 

Light 

Total 

Dense 

Medium 

Light 

Conifer 

Board  feet 
4,690 
4,060 

Per  cent 
44 
56 

Per  cent 
10 
8 

Per  cent 
4 
7 

Per  cent 
3 

7 

Per  cent 
17 
22 

Per  cent 
62 
36 

Percent 
23 
33 

Percent 
15 

Hardwood 

31 

Total  or  average. 

.  8,750 

100 

18 

11 

10 

39 

46 

28 

26 

In  the  spruce-flat  type,  on  58  transect  strips  run  through  pulp- 
wood  tracts  on  which  but  4,200  feet  per  acre  were  removed,  29.2 
per  cent  of  the  area  was  covered  with  slash,  two-thirds  of  this  of 
medium  density  and  the  remainder  dense.  In  this  instance,  approxi- 
mately 7  per  cent  of  the  area  was  covered  for  each  1,000  feet  of 
timber  removed.  This  high  percentage  of  slash  per  thousand  feet 
can  be  accounted  for  by  the  fact  that  the  timber  removed  was  of 
small  size,  averaging  onlj^  7.7  inches  diameter  at  breast  height,  and 
also  by  the  fact  that  considerable  young  growth  of  sapling  and  pole 
size  was  cut  in  swamping.  In  the  spruce-slope  type  where  pure 
stands  of  spruce  and  fir  are  common,  extensive  cut-over  areas  were 
encountered,  which,  with  the  exception  of  skid  trails  and  haul  roads, 
were  entirely  covered  with  slash.     (PI.  7,  B.) 

EFFECT  OF  SLASH  ON  SEEDLING  SURVIVAL 

With  the  large  quantity  of  advance  reproduction  present  in  spruce 
and  fir  stands,  it  is  to  be  expected  that  much  of  it,  particularly  m  the 
smaller  size  classes,  should  be  covered  by  slash  in  the  process  of 
logging.  Figure  16  shows  that  loss  to  spruce  and  fir  from  this  source 
is  particularly  high  in  the  one-half  and  1  foot  classes,  averaging 
about  16.5  per  cent,  and  diminishing  steadily  with  increase  in  size 
to  8  per  cent  for  the  5-foot  class.  It  is  impossible  at  present  to  state 
how  permanent  this  loss  will  be.  Where  slash  does  not  occur  in 
dense  masses  and  in  windrows,  a  large  part  of  the  reproduction  will 
survive,  but  there  is  no  question  that  slash  left  after  logging  will 
reduce  noticeably  the  amount  of  reproduction  on  cut-over  areas. 
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In  order  to  gain  some  knowledge  of  the  degree  to  which  slash  sup- 
presses and  smothers  advance  reproduction,  different  densities  of 
slash  were  applied  to  small  quadrats  in  the  spruce-flat  type  under 
uniform  conditions  of  light,  exposure,  and  soil.  Check  plots  were 
also  established  on  which  no  slash  was  placed.  Since  the  experiment 
has  been  in  progress  for  only  two  years  the  data  presented  are  far 
from  conclusive,  but  the  trends  are  worthy  of  consideration. 

Table  19  shows  that  over  a  period  of  two  years  the  number  of 
seedlings  is  considerably  reduced  as  a  result  of  being  covered  with 
slash,  the  dense  slash  completely  exterminating  all  hardwoods.  The 
average  loss  of  red  spruce  and  balsam  fir  combined  on  the  heavy 
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slash  areas  is  47  per  cent,  under  medium  slash  27  per  cent,  under 
light  slash  26  per  cent,  and  on  the  check  plot  only  12  per  cent.  The 
aggressiveness  of  the  fir  is  again  indicated,  in  that  lower  mortality 
is  recorded  on  all  of  the  plots  for  this  species  than  for  the  spruce. 
In  general,  the  heaviest  losses  occurred  in  the  smaller  size  classes. 

Table  19. — Numher  of  seedlings  of  various  species  present  just  prior  to  appli- 
cation of  slash  (1923)  and  two  years  later  {1925) 

SEEDLINGS  UNDER  HEAVY  AND  MEDIUM  SLASH 


Species 

Under  heavy  slash 

Under  medium  slash 

1923 

1925 

Loss 

1923 

1925 

Loss 

Red  spruce. 

Number 

21 

22 

7 

22 

Number 
10 
13 
0 
0 

Per  cent 
52 
41 
100 
100 

Number 
13 
20 
0 
3 

Number 
6 
18 
3 
2 

Per  cent 
54 

Balsam  fir 

10 

Red  maple    

0 

Yellow  birch 

33 

SEEDLINGS  UNDER  LIGHT  SLASH  AND  NO  SLASH 


Species 

Under  light  slash 

Under  no  slash 

1923 

1925 

Loss 

1923 

1925 

Loss 

Number 

2 

41 

Red  spruce 

Number 

6 

52 

Per  cent 
67 
21 

Number 

14 

36 

5 

9 

Number 
12 
32 
5 
8 

Per  cent 
14 

Balsam  fir.. 

11 

Red  maple. 

0 

Yellow  birch 

29 

2 

93 

11 
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Not  enough  data  are  on  hand  to  indicate  what  effect  slash  burning 
has  on  the  future  composition  of  the  stand.  On  plots  established 
in  an  extensive  23-year-old  cutting  in  the  spruce-flat  type,  over 
which  fire  had  run  after  spruce  and  fir,  and  also  pine,  had  been 
removed,  a  tally  of  the  young  pole  stand  showed  an  average  of  73 
per  cent  spruce  and  27  per  cent  fir.  The  high  representation  of 
spruce  is  most  striking.  It  is  impossible  to  state  to  what  extent 
burning  of  slash  was  responsible  tor  this,  but  the  condition  is  so 
unusual  as  to  warrant  further  investigation. 

Observations  in  general  on  cut-over  areas  indicate  that  hardwood 
slash  is  less  damaging  to  young  growth  than  is  that  of  softwood. 
The  general  open  character  of  hardwood  slash  permits  a  certain 
number  of  seedlings  to  push  their  way  through  without  undue  inter- 
ference. On  sonie  of  the  older  areas  it  was  not  unusual  to  see  seed- 
lings making  good  progress  through  unlopped  hardwood  tops.  Lop- 
ping hardwood  tops  compacts  the  slash  and  increases  the  chances  of 
smothering.  No  great  difference  was  noted  in  the  rate  of  decay  in 
lopped  as  against  unlopped  hardwood  slash. 

Softwood  slash  ordinarily  forms  so  dense  a  cover  and  decays  so 
slowly  that  it  smothers  out  the  advance  reproduction  very  thor- 
oughly. On  cut-over  areas  from  8  to  12  years  of  age  practically  no 
advance  reproduction  succeeded  in  surviving  the  effects  of  a  dense 
cover  of  softwood  slash  such  as  is  represented  by  windrows  and  large 
piles.  (PL  8,  B.) 
s  SUMMARY 

Because  of  increased  stumpage  values  of  spruce  and  fir,  operators 
of  pulpwood  lands  in  the  Northeast  have  recently  adopted  the  prac- 
tice of  clear  cutting  their  land.  What  effect  this  policy  will  have 
on  future  pulpwood  production  on  these  lands  and  what  is  necessary, 
in  view  of  present  conditions,  to  maintain  desirable  pulpwood  stands 
in  this  region  have  been  to  some  degree  determined  by  an  extensive 
survey  of  cut-over  land  of  all  ages  throughout  the  spruce  region  of 
the  Northeast. 

Some  of  the  outstanding  facts  brought  out  in  the  examination  of 
a  large  number  of  temporary  sample  plots  established  on  various- 
aged  cut-over  areas  in  the  different  forest  types  are  as  follows : 

ABUNDANCE  OF  REPRODUCTION 

On  most  areas,  regardless  of  the  severity  of  the  cutting,  an  abund- 
ance of  spruce  and  fir  reproduction  was  found,  nearly  all  of  which 
was  advance  growth  present  in  the  stand  prior  to  cutting.  Even  in 
stands  containing  a  large  percentage  of  hardwoods,  it  is  not  unusual 
to  find  a  satisfactory  restocking  of  pulpwood  reproduction.  There 
is,  however,  a  general  lack  of  spruce  and  fir  seedlings  that  have  come 
up  since  cutting. 

In  quantity,  the  advance  reproduction  varies  with  forest  type,  the 
spruce-slope  type  having  the  most,  spruce-flat  nextj  and  spruce-hard- 
woods the  least;  but  in  general,  the  largest  quantities  are  found  on 
areas  which  originally  supported  the  largest  volume  of  spruce  and 
fir. 

Abundance  of  seed,  favorable  seed-bed  conditions,  and  the  shade- 
enduring  qualities  possessed  by  both  spruce  and  fir  account  for  the 
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A,  Conifer  shush  on  12-yoai-(>l(l  lulling,  'llio  larj:er  iimtcrial  in  such  slash  usually  rots  first.  The 
smaller  brandies  lying  near  the  surface  of  slash  piles  and  exposed  to  the  dryinp  action  cf  the 
wind  and  sun  become  tliorouk'hly  seasoned.  This  highly  inflammable  material  even  after  a 
period  of  12  years  often  shows  little  sign  of  decay;  1^,  den.se  conifer  slash  cnishes  and  kills  advance 
reproduction  growing  beneat  li  it  and  elTectually  prevents  new  rei)roduction  from  becom ingest ab- 
lislied  on  areas  occui)ied  by  it  for  a  period  of  from  l^i  to  20  years.  Note  reproduction  surrounding 
slasii  pile.  Slash  of  this  character  should  be  burned  to  give  seedlings  an  opportunity  to  utilize 
the  land  otherwise  occupied  by  dense  slash 
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plentiful  reproduction  of  these  species  in  old-growth  stands  in  all 
types.  The  spruce-flat  type  shows  a  tendency  to  produce  large  num- 
bers of  spruce  and  fir  seedlings  and  a  relatively  small  number  of 
hardwoods  and  weed  species ;  the  spruce-hardw^oo^s  type,  fewer  seed- 
lings of  the  pulpwood  .species  and  large  numbers  of  hardwoods  and 
weed  species;  and  the  spruce-slope  type,  great  quantities  of  conifer 
seedlings,  but  at  the  same  time  numerous  hardwoods  and  weed 
species. 

The  extent  to  which  this  advance  reproduction  is  benefited  by  cut- 
ting is  directly  proportional  to  the  severity  of  the  cutting.  Removal 
of  the  old  stand  changes  site  conditions,  but  exposure  to  added  sun- 
light with  accompanying  changes  in  soil  conditions  results  in  damage 
to  only  a  small  percentage  of  the  advance  reproduction. 

HARDWOOD  COMPETITION 

Competitive  hardwood  growth  is  the  most  disturbing  single  factor 
operating  to  prevent  the  final  establishment  of  spruce  and  fir.  In 
spite  of  this,  the  spruce-flat  and  spruce-slope  types  are  maintaining 
their  original  representation  of  conifers,  but  in  the  spruce-hard- 
woods type  hardwoods  are  supplanting  to  a  considerable  extent  both 
spruce  and  fir.  In  the  spruce-flat  type  spruce  and  fir  reproduction 
has  much  less  difficulty  in  maintaining  its  position  with  the  con- 
temporary hardwood  grow^th  than  in  the  spruce-hardwoods  type. 
In  the  spruce-slope  type  conifer  reproduction  meets  severe  competi- 
tion from  young  hardwoods,  but  with  little  overhead  competition 
from  residual  hardwoods  it  will  eventually  dominate  the  stand. 

Clear-cutting  of  spruce  and  fir  prevents  restocking  of  these  species 
for  many  years  following  cutting;  meanwhile,  the  large  residual 
hardwoods  are  seeding  abundantly,  so  that  much  additional  hard- 
wood growth  is  established.  Promiscuous  cutting  of  young  growth 
in  some  instances  may  be  chiefly  responsible  for  the  conversion  of 
former  mixed  spruce  and  hardwood  stands  into  pure  hardwoods. 

Where  beech  and  sugar  maple  form  an  appreciable  portion  of  the 
stand,  any  type  of  cutting,  unless  followed  by  special  cultural  treat- 
ment, results  in  the  rapid  encroachment  of  hardwoods  on  areas 
formerly  occupied  by  spruce  and  fir.  If  yellow  birch  predominates 
and  pulpwood  reproduction  is  well  advanced,  the  cutting  out  or 
girdling  of  hardwoods  will  greatly  increase  the  reproduction  of 
spruce  and  fir. 

Openings  made  by  cuttings  are  quickly  invaded  by  a  rank  growth 
of  brush,  young  hardwoods,  and  weed  species,  the  amount  and  extent 
of  brush  being  strongly  influenced  by  the  density  or  openness  of 
the  canopy  overhead,  particularly  in  the  case  of  raspberry.  Gener- 
ally spealiing,  cut  overs  are  completely  clothed  by  these  invaders 
by  the  end  of  the  third  year. 

SPRUCE  VERSUS  FIR  IN  NEW  STANDS 

Clear-cutting  has  the  effect  of  changing  the  composition  of  the 
new  stand,  and  of  increasing  fir  at  the  expense  of  the  more  valuable 
spruce.  But,  since  these  stands  are  normally  stocked  with  advance 
reproduction  and  the  relative  representation  of  spruce  and  fir  in  the 
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future  stand  is  already  largely  determined,  it  is  questionable  whether 
any  scheme  of  cutting  will  have  any  material  effect  on  the  relative 
abundance  of  spruce  and  fir  in  the  next  crop  of  pulpwood. 

SEED-BED  CONDITIONS 

On  old-growth  stands,  where  competition  from  brush  growth  is 
less  severe,  all  types  of  seed  beds,  regardless  of  actual  soil  character- 
istics, appear  to  be  suitable  for  spruce  and  fir  reproduction,  providing 
sufficient  moisture  is  present.  On  cut-over  areas,  spruce  and  fir 
germination  is  more  profuse  on  exposed  soils  where  litter  and  plant 
growth  have  been  dragged  away  and  rootlets  can  penetrate  imme- 
diately to  a  permanent  source  of  moisture,  than  on  undisturbed  areas 
covered  with  hardwood  leaf  litter,  matted  needles,  grasses,  and  other 
plant  growth.  On  exposed  plots  an  average  per  acre  of  4,700  spruce 
and  22,500  fir  have  been  found,  as  against  1,700  spruce  and  4,700  fir 
for  the  undisturbed  plots.  Hardwood  leaf  litter  occasionally  pre- 
vents germination  of  seed. 

SEEDLING  DEVELOPMENT 

Moderately  suppressed  spruce  and  fir  reproduction  responds  vig- 
orously in  height  growth  following  the  removal  of  the  overhead 
canopy,  through  cutting,  fir  responding  more  rapidly  than  spruce. 
Seedlings  ranging  between  2  and  5  feet  put  on  the  most  rapid 
height  growth. 

Seedlings  germinated  at  the  time  of  cutting  have  the  advantage 
over  all  competitive  growth  and  reach  breast  height  in  about  15 
years ;  seedlings  growing  under  the  heavy  canopy  of  a  mature  stand 
require  approximately  40  years. 

On  upper  spruce  slopes  young  spruce  and  fir  seedlings  compete 
very  successfully  with  invading  young  hardwoods  for  a  period  of 
five  years  after  cutting,  after  which  annual  height  growth  shows 
diminution  due  to  the  rapidity  with  which  young  hardwoods  begin 
to  overtop  spruce  and  fir. 

IMPORTANCE  OF  SOIL  CONDITIONS 

Character  of  soil,  which  is  largely  the  result  of  drainage  as  deter- 
mined by  glacial  formation,  plays  an  important  part  in  stand  compo- 
sition. Preponderance  of  hardwoods  and  small  representation  of 
spruce  and  fir  in  deep,  well-drained,  aerated  soils  is  not  due  to  the 
fact  that  these  soils  are  inimical  to  the  development  of  conifers,  but 
to  the  fact  that  they  are  particularly  suited  to  the  hardwoods.  On 
the  other  hand,  the  preponderance  or  spruce  and  fir  in  the  spruce-flat 
type  may  be  attributed  to  the  ability  of  these  species  to  thrive  in 
soils  not  particularly  suited  to  the  hardwoods. 

Soil  types  in  spruce  stands  change  rapidly  within  comparatively 
short  distances,  even  slight  variations  in  topography  and  drainage 
resulting  in  a  change  of  soil  type. 

SLASH  DISPOSAL 

The  rate  at  which  slash  decomposes  varies  greatly  with  respect  to 
species  as  well  as  to  size  of  the  material.    Beech,  oirch,  and  maple 
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slash  decomposes  from  two  to  three  times  as  fast  as  that  of  spruce 
and  fir.  By  the  end  of  the  seventh  or  eighth  year,  practically  all 
hardwood  slash  on  cut-over  areas  has  disappeared;  but  it  may  take 
20  years  for  conifer  slash  to  decompose  completely.  Abnormal  fire 
hazard  disappears  at  the  end  of  the  third  or  fourth  year  in  hard- 
wood-slash areas,  whereas  softwood  slash  constitutes  an  abnormal 
hazard  for  8  to  12  years.  The  larger  softwood  slash  rots  first.  Even 
after  10  or  12  years  branches  less  than  1  inch  in  diameter  may  show 
but  little  sign  of  decay. 

The  quantity  and  density  of  slash  vary  with  the  species  and  volume 
of  timber  removed  per  unit  of  area. 

Dense  softwood  slash,  even  when  unlopped,  not  only  crushes  and 
kills  the  advance  reproduction  beneath  it  but  effectually  prevents 
the  establishment  of  new  reproduction  on  all  areas  occupied  by  it  for 
a  period  of  15  to  20  years.  Hardwood  slash  rarely  hinders  repro- 
duction seriously  for  more  than  5  or  6  years.  Lopping  hardwood 
tops  compacts  the  slash  on  relatively  small  areas  and  increases  the 
chances  for  smothering  seedlings. 

Dense  conifer  slash  should  be  burned  (preferably  in  the  winter  as 
logging  progresses),  but  similar  disposal  of  hardwood  slash  is  rarely 
warranted. 
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INTRODUCTION 

The  extent  to  which  pocket  gophers  affect  the  interests  of  agricul- 
ture is  becoming  more  apparent  each  year.  Scarcely  any  group  of 
native  rodents  is  more  widely  distributed  in  the  United  States,  and 
certainly  none  has  shown  more  readiness  to  adapt  itself  to  the 
changed  conditions  introduced  into  its  habitat  by  the  farmer.  The 
growing  of  such  crops  as  alfalfa  and  clover  has  made  conditions  of 
life  easy  for  the  pocket  gopher,  since  these  plants  furnish  an  abun- 
dant food  supply  in  their  roots  and  are  usually  maintained  on  the 
same  ground  for  a  period  of  years.  The  extensive  reclaiming  of 
desert  lands  also  has  furnished  new  food  supplies  and  harbor  for 
these  rodents  and  has  assisted  their  local  wanderings.  These  changes 
as  well  as  the  destruction  of  hosts  of  its  natural  enemies  by  man, 
have  favored  the  pocket  gopher's  rapid  increase  in  many  agricultural 
sections  until  now  it  is  one  of  the  most  destructive  mammal  pests  of 
the  country.  Nothing  short  of  vigilance  on  the  part  of  every  land- 
20553°— 31 1  1 
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owner  and  cooperation  with  his  neighbor  will  rid  an  affected  com- 
munity of  the  pocket  gopher.  It  would  be  impossible,  even  if  de- 
sirable, to  exterminate  the  animal,  for  it  tenants  a  wilderness  of 
waste  lands  throughout  its  range,  whether  they  be  scantily  covered 
with  sagebrush  or  forested  with  snow-laden  spruce.  But  this  does 
not  mean  that  its  ravages  need  be  tolerated,  for  these  are  fairly  easily 
controlled  in  settled  districts.  Many  a  farmer  has  found  that  if  he 
keeps  careful  watch  of  his  acres,  it  requires  no  more  than  a  few  hours 
or  perhaps  a  day  or  two  a  year  to  keep  the  pocket  gopher  under 
control. 

Accounts  of  pocket  gophers  in  the  literature  of  agricultural  experi- 
ment stations  and  in  the  farm  press  are  not  lacking.  The  chief 
publications  by  the  Department  of  Agriculture  on  the  subject  thus 
far  have  been  technical  revisions  of  the  groups  (i,  21),^  brief  eco- 
nomic circulars  (19),  and  incidental  discussions  of  pocket-gopher 
control  in  bulletins  dealing  also  with  other  agricultural  pests  (^). 
It  remains,  therefore,  to  bring  together  the  results  of  extensive  in- 
vestigations in  recent  years  of  the  habits  of  the  pocket  gopher  and 
to  combine  them  in  a  single  publication  for  making  readily  available 
to  naturalists  and  other  lovers  of  wild  life  and  to  control  operators 
the  essential  facts  in  the  life  history  of  this  rodent. 

Perhaps  the  term  "  gopher "  may  be  as  well  applied  to  certain 
other  burrowing  animals  as  to  the  rodent  that  most  commonly  goes 
by  that  name.  The  word  has  a  significance  derived  from  the  honey- 
combing of  the  earth  by  burrows.  In  the  pine  barrens  of  the 
southeastern  part  of  the  United  States  the  true  pocket  gopher  is 
known  as  "salamander,"  while  a  big  land  tortoise  with  burrowing 
habits  masquerades  under  the  rodent's  real  name.  Commonly 
throughout  the  central  West  certain  species  of  ground  squirrels  are 
called  gophers,  striped  gophers,  or  gray  gophers.  Locally,  too,  in 
some  districts  both  East  and  West,  moles  are  called  gophers.  In 
this  bulletin  only  the  true  pocket  gopher,  an  animal  easily  distin- 
guished by  well-marked  characters,  is  to  be  dealt  with. 

GEOGRAPHIC  DISTRIBUTION  AND   CLASSIFICATION 

The  pocket-gopher  family  (Geomyidae)  is  found  in  North  Amer- 
ica and  Central  America  only.  Over  this  continent  it  has  a  wide 
distribution  and  a  remarkable  range  in  altitude.  (Fig.  1.)  Within 
its  geographical  limits  some  one  of  the  many  species  may  be  found 
in  almost  any  situation  from  sea  level  to  the  rugged  mountain  slopes 
above  timber  line.  The  animal  is  as  much  at  home  in  an  alpine  park 
or  on  the  sun-scorched  desert  as  in  the  lush  clover  fields  wnere  it  is 
looked  upon  with  such  disfavor. 

Within  the  borders  of  the  United  States,  the  range  of  the  pocket 
gopher  includes  all  the  States  west  of  the  lower  Mississippi  River, 
the  Wabash  River,  and  Lake  Michigan,  and  also  three  States  of  the 
southeastern  coastal  region,  Alabama,  Georgia,  and  Florida. 
Strangely  enough,  no  connection  between  these  two  areas  has  been 
traced  either  eastward  or  westward  through  Mississippi.     A  large 

1  Italic  numbers  in  parentheses  refer  to  the  Bibliography,  p.  24. 
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district  including  the  contiguous  parts  of  Kansas,  Missouri,  Okla- 
homa, and  Arkansas  has  no  pocket  gophers  in  its  fauna. 

The  wide  distribution  of  pocket  gophers,  with  the  consequent  isola- 
tion of  groups,  has  given  rise  to  the  many  species  and  subspecies 
recognized  by  the  naturalist.     Of  the  eight  genera  of  North  Ameri- 
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Figure  1. — Distribution  of  pocket  gophers  shown  by  shaded  portions  of  the  map 

can  pocket  gophers,  three  are  found  within  the  United  States — 
Geomys,  Thomomys,  and  Cratogeomys.  The  species  and  subspecies 
of  each,  with  their  ranges,  are  as  follows :  ^ 


2  For  preparing  the  systematic  list  and  statement  of  ranges  of  the  species  and  subspecies 
of  pocket  gophers  of  the  United  States  here  presented  the  writer  is  indebted  to  Vernon 
Bailey,  field  naturalist  of  the  Division  of  Biological  Investigations  of  the  Bureau  of  Bio- 
logical Survey,  long  a  close  student  of  the  classification,  distribution,  and  habits  of  the 
pocket  gophers. 
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SPECIES    AND    SUBSPECIES    OF    POCKET    GOPHERS    OP   THE    GENERA    THOMOBIYS. 
GEOMYS,  AND  CRATOGEOMYS,  WITH  GENERAL  RANGES  IN  THE  UNITED  STATES 

THOMOMYS,   WITH  PLAIN,  UNGROOVED  UPPER  INCISORS 

Thomomys  bulbivorus Willamette  Valley,  Oreg. 

townsendii  townsendii Southwestern  Idaho  and  eastern  Oregon. 

townsendii  nevadensis Northwestern  Nevada  and  southern  Oregon. 

bottae  bottae Coast    region    of    California    from    Sonoma 

County  to  San  Diego. 

bottae  laticeps Coast  strip  from  Humboldt  Bay  to  south- 
western Oregon. 

bottae  leucodon San  Francisco  Bay  and  low  country,  both 

sides  of  Sacramento  Valley,  Calif.,  to 
Rogue  River  Valley,  Oreg. 

bottae  navus Sacramento  Valley ,  Calif. 

bottae  mewa Foothills  west  of  San  Joaquin  Valley,  Calif. 

bottae  minor Coast  strip  south  of  Humboldt  Bay,  Calif. 

bottae  diaboli. Mount  Diablo  Range,  Calif. 

bottae  angularis Valley  country  west  of  San  Joaquin  Valley, 

Calif. 

bottae  pascalis East  side  and  south  end  of  San   Joaquin 

Valley,  Calif. 

bottae  pallescens Los  Angeles  region,  Calif.,  from  San  Bernar- 
dino to  Alhambra. 

bottae  infrapallidus Carriso  plains,  west  of  Bakersfield,  Calif. 

bottae  nigricans Southwestern  California  back  of  coast  region. 

bottae  puertae San  Felipe  Valley,  southern  California. 

bottae  altivallis Top  of  San  Bernardino  Mountains,  Calif. 

alpinus  alpinus Mount  Whitney  region,  Calif. 

alpinus  awahnee Middle  west  slope  of  Sierra  Nevada,  Calif. 

neglectus San  Gabriel  Mountains,  Calif. 

jacinteus San  Jacinto  Mountains,  Calif. 

perpallidus  perpallidus Imperial  Valley,  west  of  Salton  Sea,  Calif. 

perpallidus  albatus Eastern  part  of  Imperial  Valley  and  west  side 

of  Colorado  River,  Calif. 

perpallidus  chrysonotus Lower  Gila  and  Colorado  Valleys,  Arizona, 

and  Sonora. 

perpallidus  perpes Deserts  of  eastern  California. 

perpallidus  mohavensis Mohave  River  Valley,  Calif. 

perpallidus  amargosae Amargosa  River  Valley  east  of  Death  Valley, 

Calif. 

perpallidus  canus Desert  valleys  of  western  Nevada  and  Honey 

Lake  Valley,  Calif. 

perpallidus  aureus Rio  Grande  and  Colorado  Valleys  in  New 

Mexico,  Arizona,  Colorado,  Utah,  and 
Nevada. 

perpallidus  apache Valleys  in  northern  New  Mexico  and  Arizona 

and  southern  Colorado. 

cabezonae Valley  between  San  Jacinto  and  San  Bernar- 
dino Peaks,  Calif. 

operarius Owens  Lake  Valley,  Calif. 

melanotis White  Mountains,  Calif. 

cervinus Gila  Valley  about  Phoenix,  Ariz. 

latirostris Tanners    Crossing,    Little    Colorado    River, 

Ariz. 

fulvus  fulvus Plateau  country  of  Arizona  and  New  Mexico. 

fulvus  pervagus Valleys  in  northern  New  Mexico  and  south- 
ern Colorado. 

fulvus  desertorum Desert  valleys  in  northwestern  Arizona. 

fulvus  intermedius Mountains    of    southeastern    Arizona    and 

southwestern  New  Mexico. 

fulvus  texensis Davis  Mountains,  Tex. 
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Thomomys  fulvus  toUecvs Valleys  of  southwestern  New  Mexico,  south- 
eastern Arizona,  and  northern  Mexico. 

mearnsi Animas  Valley,  N.  Mex. 

bleyi Sierra  Blanca,   Tex.,   and  Tularosa  Valley, 

N.  Mex. 

lachuguilla Rio  Grande  Valley  of  western  Texas,  south- 
eastern New  Mexico,  and  western  Chi- 
huahua. 

perditus Eastern    Mexico  and  into   middle  western 

Texas. 

talpoides  talpoides Prairies  of  northwestern    Montana,    and  of 

southern  Saskatchewan  and  Alberta. 

talpoides  rufescens Prairies  of   North   Dakota,   South   Dakota, 

and  southern  Manitoba. 

talpoides  clusius Plains  of  southern  Wyoming  and  northern 

Colorado. 

talpoides  bullatus Sage  plains  of  western  Dakotas  and  eastern 

Montana  and  Wyoming. 

talpoides  nehulosus Black  Hills,  S.  Dak.,  and  Bear  Lodge  Moun- 
tains, Wyo. 

talpoides  caryi Bighorn  Mountains,  Wyo. 

talpoides  pryori Pry  or  Mountains,  Mont. 

talpoides  agrestis San  Luis  Valley,  Colo. 

columbianus Columbia  Valley  of  Washington  and  Oregon. 

ocius Sage  plains  of  southwestern  Wyoming  and 

adjoining   parts   of    Colorado   and    Utah. 

idahoensis Snake  River  Valley  in  eastern  Idaho. 

pygmaeus Plateau  country  of  southeastern  Idaho  and 

western  Wyoming. 

fossor Mountains    of    Colorado,     Utah,    southern 

Wyoming,  and  northern  New  Mexico  and 
Arizona. 

bridgeri Cold    meadows    of   western    Wyoming    and 

eastern  Idaho. 

uinta Mountains  in  western  Wyoming,   northern 

Utah,  and  southern  Idaho. 

quadratus  quadratus Sage  plains  of  eastern  Oregon,  northeastern 

California,  and  southwestern  Idaho. 

quadratus  fisheri Desert  valleys    of    northeastern    California, 

northern  Nevada,  and  western  Utah. 

douglasii  douglasii North  of  Portland,  Oreg.,  on  both  sides  of 

the  Columbia  River. 

douglasii  or  eg  onus Northern  end  of  Willamette  Valley,  Oreg. 

douglasii  yelmensis Valleys  south  of  Puget  Sound,  Wash. 

douglasii  tacomensis Pierce  County,  Wash. 

douglasii  melanops Olympic  Mountains,  Wash. 

douglasii  shawi Upper  slopes  of  Mount  Rainier,  Wash.,  and 

Cascade  Range  to  the  east. 

douglasii  limosus South  slope  of  Mount  Adams,  Wash 

douglasii  niger Coast  of  middle  western  Oregon. 

douglasii  hesperus Coast  of  northwestern  Oregon. 

monticola  monticola Sierra  Nevada,  Calif. 

monticola  mazama Cascade  and  Siskiyou  Mountains  in  Oregon 

and  Trinity  Mountains  in  California. 

monticola  pinetorum Yolla  BoUy  and  Scott  Mountains,  Calif. 

monticola  nasicus East  base  of  Cascades,  in  Oregon. 

monticola  helleri Near  mouth  of  Rogue  River,  Oreg. 

fuscus  fuscus Rocky  Mountain  region  from  central  Idaho 

to  central  British  Columbia  and  from 
eastern  Washington  to  western  Montana. 

fuscus  saturatus Coeur  d' Alene  Mountains  in  Idaho  and  Mon- 
tana. 

fuscus  loringi East  base  of  mountains  in  Alberta. 

fuscus  myops Vicinity   of   ConconuUy ,    Okanogan   Valley, 

Wash, 
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GEOMYS,  WITH    DEEPLY    DOUBLE-GBOOVED    UPPER   INCISORS 

Geomys  bursarius  bursariua Red    River   and    Mississippi    Valleys   from 

northern  Minnesota  and  North  Dakota  to 
Missouri  and  from  eastern  Kansas  to 
northwestern  Wisconsin. 

bursariiis  luteacens Plains  and  prairies  from  South  Dakota  to 

northern  Texas. 

hreviceps  brevicevs Louisiana,  Arkansas,  and  eastern  Texas. 

breviceps  sagittalis Gulf  coast  of  Texas  near  Galveston  Bay. 

breviceps  attwateri Coast   of   Texas    between    Matagorda   and 

Nueces  Bay. 

breviceps  llanensis Stream  valleys  in  northern  Texas. 

texensis Mason  County,  central  Texas. 

arenarius Monahans  and  El  Paso,  Tex.,  Las  Cnices 

and  Deming,  N.  Mex. 

personatus  personatus Padre  Island  and  lower  Rio  Grande  Valley, 

Tex. 

personatus  fallax Nueces  Bay  and  lower  Nueces  River,  Tex. 

iuza  tuza Pine  barrens  of  Georgia. 

tuza  mobilensis Southern  Alabama  and  northwestern  Florida. 

floridanus  floridanus St.  Augustine  region,  Fla. 

floridanus  austrinus Western  part  of  the  Florida  peninsula. 

colonus Southeastern  Florida. 

cumberlandius Cumberland  Island,  coast  of  Georgia. 

CRATOQEOMYS,  WITH    SHALLOW    SINGLE-GROOVED    UPPER   INCISORS 

Cratogeomys  castanops  castanops Eastern  Colorado  and  New  Mexico,  western 

Oklahoma  and  Texas,  into  Mexico. 

In  addition  to  the  various  species  and  subspecies  of  pocket  gophers 
above  listed,  there  are  approximately  13  forms  of  Thomomys  and  23 
forms  of  five  other  genera — Platygeomys,  Orthogeomys,  Heter- 
ogeomys,  Macrogeomys,  and  Zygogeomys— the  ranges  of  which  do 
not  reach  the  United  States  but  are  limited  to  Mexico  and  the  Central 
American  countries,  including  Panama. 

DESCRIPTION  AND  HABITS 

APPEARANCE 

The  true  pocket  gopher  is  a  stockily  built  rodent  of  chiefly  sub- 
terranean habits.  It  has  capacious  cheek  pockets  wholly  outside  the 
mouth  and  lined  with  soft  hair  or  fur  of  a  lighter  shade  than  that 
covering  the  body.  The  body  hair,  while  not  true  fur,  is  soft  to 
the  touch,  glossy,  and  not  readily  soiled  by  contact  with  damp  earth. 
The  incisor,  or  front,  teeth  are  long  and  prominent  and  practically 
outside  the  mouth  cavity.  Adapted  for  digging,  the  animal  is  the 
more  heavily  built  forward.  It  has  strong  shoulders,  arms,  and 
hands  that  are  equipped  with  long,  sharp  claws.  (PI.  1,  A.)  The 
hind  legs  and  feet  do  not  show  these  special  adaptations  for  burrow- 
ing. The  tail  is  short  and  scantily  haired,  serving  undoubtedly  as  a 
sensitive  feeling  organ.  The  ears  are  inconspicuous  and  the  eyes 
small  and  beadlike. 

SIZE 

The  pocket  gophers  in  general  are  much  larger  than  the  mouse 
group  of  rodents,  and  most  species  are  considerably  larger  than 
the  moles.    There  is  the  usual  individual  variation   in   respect  to 
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adult  proportions,  but  more  marked  is  the  difference  in  size  of  the 
two  sexes.  The  males  are  larger  and  somewhat  broader  in  the 
shoulders  than  the  females  and  longer  in  the  proportionate  exten- 
sion of  the  body  back  of  the  hind  legs.  This  difference  in  size,  as 
determined  by  relative  weights,  is  fairly  constant  in  the  different 
species.  The  males  are  usually  from  a  fourth  to  a  third  heavier 
than  the  females;  in  the  Thowjonnys  hottae  group  the  difference  is 
greater.  (PI.  1,  B.)  Table  1  gives  the  average  weight  for  five 
species  of  the  genus  Thomomys  and  three  species  of  the  genus 
Geomys — two  groups  comprising  by  far  the  greater  number  of  the 
pocket  gophers. 

Table  1. — Comparative  sizes  {ty  weight)  of  sexes  in  the  pocket  gopher  of  five 
species  of  Thomomys  and  three  species  of  Geomys 


Species 

LocaUty  collected 

Period  collected 

1 

t3 

1 

II 

|a 

< 

< 

1 

1 
1 

Thomomys  bulbivorus 

douglasii  y elmensis 

fulvus  fulvus 

Corvallis,  Greg.— 

Roy,  Wash 

Flagstaff,  Ariz 

El  Monte,  Calif... 
El  Centro,  Calif... 
Manhattan,  Kans. 
Sun  City,  Kans... 

Mar.  15-May  5 

Mar.  7-Apr.  6 

Apr.  12- July  10 

December- January 
Jan. 15-16- 

No. 
28 
20 
9 
23 
12 
14 
11 
3 

No. 
'22 
30 
14 
62 
32 
36 
39 
4 

Ozs. 

13.16 
4.42 
4.40 
9.60 
6.82 

13.50 
8.60 
6.58 

Ozs. 

10.40 
3.48 
3.64 
5.00 
5.40 

10.10 
6.25 
5.43 

Ozs. 

17.37 
5.62 
5.62 

11.00 
8.80 

17.37 

10.50 

Ozs. 

11.87 
4.24 
4.75 

bottae  bottae. . 

6  62 

6  70 

Geomys  bursarius 

Jan.  25-Mar.  3 

Mar.  7-17 

13.50 

bursarius  lutescens 

7  ?.'^ 

GENERAL  HABITS 


The  pocket  gopher  is  one  of  the  few  burrowing  animal's  that  have 
adopted  a  life  of  subterranean  seclusion.  In  this  respect  it  is  akin 
to  the  mole.  Most  fossorial  rodents,  as  the  prairie  dogs  (Cynomys), 
the  ground  squirrels  (Citellus),  and  the  woodchucks  (Marmota), 
seek  their  food  above  ground  in  the  daylight  hours,  incidentally 
making  the  acquaintance  of  the  rest  of  creation.  Others,  like  the 
clumsv  mountain  beaver  (Aplodontia)  and  the  dainty  little  kangaroo 
rats  (Dipodomys),  come  forth  at  night  to  get  in  touch  with  their 
broader  physical  environment  and  find  their  living.  The  pocket 
gopher,  on  the  other  hand,  has  retreated  farther  from  the  stress 
of  competition  and  the  menace  of  foes  aboveground  to  find  food 
and  shelter  in  dark  labyrinths  of  its  own  construction.  In  general, 
it  does  not  leave  the  seclusion  of  this  subterranean  niche,  except  for 
the  brief  periods  when  it  is  engaged  in  heaping  on  the  surface  the 
loads  of  earth  it  has  pushed  from  its  excavations.  Even  then  it 
appears  wary  and  apprehensive,  shoving  the  earth  about  and  back- 
ing into  the  burrow  again  with  quick,  nervous  movements.  Much 
of  this  work  is  accomplished  under  cover  of  darkness,  but  some- 
times on  cloudy  days  and  regularly  in  the  hours  of  evening  twilight 
and  early  morning,  the  pocket  gopher  may  be  found  busily  disposing 
of  the  freshly  dug  earth  in  hummocky  dumps  about  the  exit  of  an 
open  burrow.  The  animal  then  is  as  expeditious  as  possible  in 
the  performance  of  its  task  and  exposes  no  more  of  its  body  than  is 
needful. 
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At  times,  however,  chiefly  when  disturbed  by  a<?ri cultural  opera- 
tions but  also  under  natural  conditions  and  surroundings,  the  pocket 
gopher  moves  about  on  errands  aboveground — sometimes  to  seek 
more  accessible  forage,  sometimes  to  gather  nesting  materials,  and 
sometimes^ perhaps  to  satisfy  the  restless  urge  of  the  mating  and 
migratory  instincts.  From  the  toll  of  pocket  gophers  taken  by  owls 
and  the  accidental  death  of  others  in  situations  aboveground  at 
night,  it  may  be  assumed  that  their  nocturnal  excursions  are  more 
common  than  their  diurnal.  Only  occasionally  will  those  who  are 
most  familiar  with  the  habits  of  these  little  animals  find  one  above- 

f  round  in  the  daytime,  except  under  the  changed  conditions  imposed 
y  agriculture. 

DISPOSITION 

Living  more  or  less  to  itself  for  the  greater  part  of  the  year  does 
not  tend  to  develop  a  social  disposition  in  the  individual  pocket 
gopher.  It  would  be  difficult  to  determine  precisely  just  what  the 
attitude  of  each  may  be  toward  its  fellow  in  the  life  of  a  group  so 
secluded  from  human  observation.  That  this  is  little  more  than  one 
of  indifferent  toleration  may  be  inferred  from  the  fact  that  the 
door  of  each  occupied  burrow  or  burrow  system,  in  a  locality  where 
pocket-gopher  infestation  is  heavy  enough  to  make  intersection  of 
tunnels  inevitable,  is  usually  plugged  off  by  tightly  packed  earth 
from  the  premises  of  a  neighbor.  Observations  of  the  life  habits  of 
pocket  gophers  over  a  period  of  many  years  do  not  indicate  that 
these  rodents  are  in  any  degree  colonial  or  even  gregarious,  except 
in  a  restricted  sense  during  periods  of  mating  and  rearing  the 
young. 

The  writer  has  found  it  practically  impossible  to  keep  pocket 
gophers  when  taken  alive  and  uninjured  and  placed  together,  even  by 
twos,  in  cages.  When  thus  associated  they  fight  furiously,  usually 
to  the  death  of  one  or  the  other. 

SENSES 

As  with  other  burrowing  mammals  that  rarely  leave  their  sub- 
terranean homes,  the  pocket  gopher  has  little  use  for  eyes.  The 
degeneration  of  these  organs  has  not  proceeded  so  far,  however,  as  in 
moles,  whose  vestigial  eye  slits  are  sealed  in  one  genus  (Scalopus) 
and  in  another  (Scapanus)  permit  only  an  extremely  small  eye  to 
be  exposed  to  the  light.  Both  field  observation  and  experiment  show 
that  the  pocket  gopher  is  not  at  all  keen  sighted  and  that  its  range 
of  vision  is  very  limited.  On  the  other  hand,  as  might  be  expected, 
a  study  of  the  animal's  sensory  reactions  to  stimuli  shows  that  its 
organs  of  touch  and  of  smell  are  exceptionally  well  developed.  The 
short,^  stubby  tail,  nearly  devoid  of  hair,  is  particularly  sensitive  to 
touch. 

Careful  discrimination  in  the  selection  of  its  food  from  a  quantity 
of  vegetation  placed  before  it  attests  the  pocket  gopher's  keen  sense 
of  smell.  Observations  in  the  mating  season  also  point  to  the  con- 
clusion that  this  sense  is  useful  to  the  animal  in  locating  its  kind.  It 
probably  also  enables  it  to  detect  the  presence  of  certain  enemies  that 
invade  its  burrows,  particularly  the  weasel. 
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Plate  i 
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A,  Head  and  front  feet  of  Mississippi  Valley  pocket  gopher  (Geomys  bursarius);  B,  male 
(left)  and  female  (right)  of  California  pocket  gopher  {Thomomya  bottae)  from  El  Monte, 
Calif. 
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Plate  2 


A,  rockct-jtopher  mounds  and  mole  ridges  in  a  field  recently  plowed  and  rolled  (Tornmee.  C'alif.); 
U,  mounds  of  pocket  gophers  {Oeomys  bursarius)  in  an  alfalfa  field  in  wutral  Kansas 
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SOUNDS 

In  the  haunts  of  pocket  gophers,  no  calls  to  their  kind,  no  notes  of 
strife,  and  no  noises  of  any  nature  are  heard  to  indicate  the  presence 
of  the  animals.  If  there  are  any  sounds  of  domestic  felicity  or  in- 
felicity, they  are  so  subdued  that  they  are  lost  in  the  galleries  under 
the  listener's  feet.  In  captivity,  however,  the  pocket  gopher  is  not 
entirely  mute.  A  grinding  chatter  of  teeth  and  peculiar,  aspirated 
sounds  accompany  the  struggle  for  supremacy  in  combat;  squeals 
of  anger  may  be  distinguished  when  the  animal  is  annoyed,  and  vocal 
expression  of  pain  when  it  is  bitten  by  an  antagonist  or  caught  in  a 
trap.  Certain  domestic  sounds  also  have  been  noted  by  investigators 
(27).  ^ 

FOSSORIAL  HABITS 

Btirbows 

The  burrows  of  pocket  gophers  and  of  moles  differ  from  those  of 
most  other  f ossorial  mammals  in  one  important  respect — ^their  extent. 
The  excavations  of  most  burrowing  mammals  are  comparatively 
short,  deep  enough  usually  to  be  secure,  and  they  constitute  the 
animal's  living  quarters  only.  Pocket-gopher  and  mole  runways, 
however,  communicate  with  extensive  ramifications  of  subterranean 
feeding  runs  or  hunting  paths.  Except  where  a  pioneer  has  recently 
established  itself  in  new  territory,  it  is  difficult  to  determine  the  limits 
of  a  pocket  gopher's  system  of  runways.  One  prairie  dog  or  one 
spermophile  digs  a  burrow  very  much  like  that  of  any  other,  but,  as 
noted  above,  these  animals  are  constructing  homes,  not  extending 
passageways  in  search  of  food.  Heading  nowhere  in  particular,  a 
pocket  gopher  may  in  the  course  of  a  year  explore  the  length  and 
breadth  of  a  field  of  many  acres.  Again,  if  food  is  plentiful,  it  may 
limit  its  operations  to  a  few  square  rods. 

In  attempting  to  explore  and  map  out  a  burrow  system  (fig.  2),  one 
will  distinguish  the  open  runways  that  are  continuous  from  those 
that  are  partly  or  wholly  packed  with  refuse  or  with  earth  from 
newer  excavations.  Some  of  these  packed  galleries,  which  can  be 
traced  by  differences  in  the  color  of  the  soil  in  uncultivated  lands, 
appear  to  be  age-old  in  construction.  In  this  habit  of  filling  the 
older  galleries  with  material  carried  from  the  newer,  pocket  gophers 
differ  from  all  American  moles.  Mole  burrows  are  open  continuously 
throughout  and  form  a  network  of  highways  used  by  all  the  moles 
that  contribute  to  their  construction  or  find  their  way  into  them. 
The  mole  has  no  more  persistent  habit  than  that  of  keeping  these 
runways  always  open.  It  is  not  at  all  uncommon,  therefore,  to  trap 
from  a  dozen  to  20  or  more  moles  at  the  same  spot ;  while  in  the  case 
of  the  pocket  gopher  usually  no  more  than  1  adult  is  taken  from  what 
is  apparently  a  single  burrow. 

This  difference  in  the  burrowing  habits  of"  two  animals  that  live 
under  such  similar  conditions  is  directly  related  to  a  difference  in  the 
character  of  their  food.  The  mole  is  a  little  beast  of  prey,  catching 
its  food  alive,  not  only  as  it  extends  it  hunting  galleries  but  as  it  re- 
traces the  passageways  time  after  time  in  search  of  worms  and  insect 
larvae  that  al^o  are  on  the  move.     The  pocket  gopher,  being  a  root 
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eater,  may  exhaust  the  food  possibilities  of  a  burrow  extension  at  the 
time  it  is  dug,  and,  having  no  more  use  for  the  gallery,  is  likely  to 
fill  it  up  again. 

Unlike  the  hunting  paths  of  the  mole,  the  feeding  runs  of  the 
pocket  gopher  are  never  so  close  to  the  surface  as  to  ridge  up  the 
sod  or  the  soil  crust.  (PL  2,  A.)  They  usually  range  at  depths 
somewhat  less  than  a  foot  but  are  sometimes  much  deeper,  especially 
in  sandy  soils  penetrated  by  succulent  roots.  The  size  of  the  burrow 
openings  depends,  of  course,  upon  the  size  of  the  individuals  that 
construct  them.     The   diameter  of  those  of  some  of  the  smaller 


Figure  2. — Part  of  a  deeper  runway  systom  of  Oeomftt  bwmrius  excavated  at 
Manhattan,  Kans. ;  packed  portions  of  burrow  are  shaded :  a.  Blind  laterals  filled 
with  earth  and  refuse,  18  to  20  Inches  below  surface;  b.  continuation  of  deep 
runway,  3  feet  below  surface;  o,  outlines  of  composite  surface  mounds 

desert  or  high-altitude  species  is  no  more  than  li^  inches,  while 
in  the  case  of  burrows  of  the  large  Mississippi  Vallev  pocket  gopher 
{Geomys  hursarivs)  or  the  Camas  pocket  gopher  {T  homo  my  s  hulhi- 
'i}oncs) ,  the  common  species  inhabiting  the  Willamette  Valley,  Oreg., 
one  can  sometimes  thrust  the  hand  and  arm  back  into  the  tunnel  as 
far  as  he  can  reach.     (PL  4,  A.) 

Many  of  the  branching  burrows  end  blindly  where  the  animal 
<^eased  /ligging.  Others  are  blocked  by  refuse  or  earth  tightly 
packed  into  the  opejiing.  Still  others  connect  with  pockets  exca- 
vated for  food  storage  or  descend  to  the  chambers  containing  the 
nests.  At  irregular  intervals  the  feeding  runs  connect  with  short 
laterals  that  terminate  at  the  earth  heaps  on  the  surface  of  the 
ground. 
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Mounds 

In  general,  the  pocket  gopher  brings  to  the  surface  only  freshly- 
excavated  earth.  Unused  or  spoiled  food  supplies,  old  nesting 
material,  and  pellets  of  excrement  are  sealed  up  in  old  galleries  or 
in  special  pockets  constructed  for  the  purpose.  Through  the  short 
laterals  from  the  feeding  runs  the  animal  pushes  the  loose  earth  to 
the  surface  in  quick,  nervous  movements  that  betray  an  anxiety  to 
keep  out  of  sight  as  much  as  possible.  The  loads  of  soil  thus  thrust 
out  accumulate  in  front,  to  the  right,  and  to  the  left  of  the  burrow 
opening,  forming  ordinarily  low,  flat  mounds  somewhat  semicircular 
or  fan-shaped  in  outline.  (Pis.  2  and  4.)  As  the  heap  grows,  some 
of  the  loads  may  be  pushed  to  the  rear  of  the  line  of  exit,  thus  leav- 
ing the  opening  within  the  base  of  the  mound  but  near  one  edge. 
Finally  when  the  pocket  gopher  has  stopped  using  that  particular 
dumping  ground,  temporarily  at  least,  he  plugs  the  opening  snugly 
from  beneath,  leaving  concentric  rings  of  earth  on  the  completed 
mound  to  mark  the  point  of  this  last  outthrust.  (PL  3,  A.)  In 
time  the  lateral  may  also  be  packed  entirely  back  to  the  main  runway. 

As  originally  constructed,  pocket-gopher  mounds  are  more  or  less 
in  lines  corresponding  to  the  direction  taken  by  the  burrow.  In 
time,  however,  many  deviating  cross  runs  and  the  reopening  of  old 
workings  alter  the  appearance  of  things.  Not  infrequently  a  com- 
posite mound  is  formed  of  earth  pushed  out  from  many  openings 
until  the  accumulation  may  cover  several  square  feet  and  contain 
more  than  a  wagonload.     (PL  3,  B.) 

In  contrast  with  the  pocket-gopher  mounds  described,  the  mole- 
hills of  the  Pacific-coast  country  have  a  more  rounded,  dome-shaped 
appearance  and  may  be  distinguished  by  a  structural  detail  that 
indicates  plainly  that  they  were  built  up,  volcano  fashion,  by  suc- 
cessive upheavals  beneath  and  through  the  center  of  the  pile.  In 
the  freshly  constructed  molehill,  too,  the  earth  appears  in  the  form 
of  compacted  plugs,  while  in  the  pocket-gopher  mound  it  is  fine  and 
scattered. 

ACTIVE  SEASONS 

Pocket  gophers  store  food  at  harvest  time  and  do  not  hibernate. 
They  seem  to  be  more  or  less  busy  at  any  season  of  the  year  when 
the  ground  is  not  frozen  too  hard  or  sun  baked  too  deeply  lor  mining 
operations.  They  continue  to  work  whether  the  soil  is  so  wet  that 
it  has  to  be  carried  out  of  the  burrows  in  balls,  or  so  dry  that  it  runs 
like  the  sand  of  an  hourglass.  Not  uncommonly  their  mounds  of 
fresh  earth  are  seen  thrown  up  from  under  the  snow  of  midwinter. 
Beneath  this  covering,  too,  they  pack  the  dirt  in  snow  tunnels, 
which,  melting  later,  leave  the  soil  filling  in  ridges  resembling  sec- 
tions of  a  heavy  cable.  (PL  4,  B.)  During  periods  of  particularly 
inclement  weather  in  winter  the  pocket  gopher  can  keep  up  its  quest 
of  food,  if  necessary,  by  disposing  also  of  the  excavated  earth  in  the 
older  workings. 

Though  the  pocket  gopher  is  active  at  all  times  of  year,  its  work 
of  burrowing  is  usually  carried  on  more  vigorously  in  the  fall,  when 
summer  droughts  are  broken  and  soil  conditions  make  digging  easy. 
At  that  season  also  the  little  animals  are  busy  storing  food,  and  the 
young,  then  well  grown,  are  establishing  themselves  in  quarters  of 
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their  own.  In  the  spring,  again,  after  the  frost  has  left  the  ground 
or  when  vegetation  starts,  their  activity  is  renewed  for  a  time.  But 
when  the  drier  period  of  midsummer  comes  on,  extension  of  the 
burrows,  especially  at  shallower  depths,  receives  less  attention. 

BREEDING  HABITS 

As  might  be  expected  of  mammals  living  a  life  of  comparative  se- 
curity in  underground  burrows,  the  pocket  gopher  in  a  wild  or 
natural  environment  is  not  a  prolific  breeder.  Its  rate  of  reproduc- 
tion is  somewhat  higher,  though,  than  that  of  the  mole,  a  comparison 
that  is  correlated  with  the  fact  that,  in  its  various  activities,  the 
pocket  gopher  is  more  exposed  to  predatory  attacks  than  the  mole 
and  is  more  relished  as  food  by  predators.  There  are  no  data  from 
which  the  longevity  in  either  group  can  be  ascertained. 

In  middle  and  northern  latitudes  the  young  of  the  pocket  gopher 
are  brought  forth  in  the  spring,  throughout  a  period  that  is  more 
prolonged  than  in  the  case  of  most  other  small  rodents  or  of  the  mole. 
This  fact  appears  to  be  correlated  with  the  secluded  life  habits  of 
the  animal,  which  necessarily  reduce  the  chances  for  the  meeting 
of  the  sexes.  It  has  been  observed  too  that  a  considerable  percentage 
of  the  females  go  through  the  spring  season  without  mating,  par- 
ticularly where  the  animals  are  of  scattered  occurrence. 

Field  observations  in  the  Pacific-coast  country  show  that  the  meet- 
ing of  the  sexes  is  ordinarily  within  the  burrow  labyrinths,  instead 
of  aboveground.  The  male  may  wander  abroad  more  or  less  in 
search  of  the  habitations  of  the  female,  but  data  are  lacking  on  which 
to  base  such  a  conclusion.  It  is  certain,  however,  that  there  is 
unusual  activity  within  the  burrows  during  the  mating  season.  At 
this  time  the  writer  setting  his  traps  by  twos,  one  facmg  each  way 
at  the  break  into  a  burrow,  occasionally  caught  from  one  to  three 
pairs  of  pocket  gophers  within  the  hour  following  sunset.  Also,  all 
other  places  at  which  females  had  been  taken  in  the  afternoon  or 
evening  were  visited  during  the  night  and  the  breaks  stopped  with 
earth.  In  these  evening  observations  no  pocket  gophers  were  seen 
abroad. 

On  the  basis  of  the  interval  noted  in  several  species  between  the 
earliest  observed  cases  of  pregnancy  and  the  first  ensuing  records 
of  the  birth  of  young,  it  is  conclucfed  that  the  period  of  gestation 
is  approximatel}^  four  weeks.  No  records  of  the  breeding  of  pocket 
gophers  in  captivity  are  available.  The  young  are  brought  forth 
and  sheltered  in  nests  of  fine,  dry  grasses  or  shredded  stubble — 
materials  that  certainly  are  procured  entirely  aboveground.  These 
nests  are  almost  globular  in  form  and  have  no  permanent  opening 
into  the  interior,  where  the  young  are  kept  dry  and  warm.  They 
serve  likewise  to  shelter  the  adults  at  all  seasons  of  the  year.  (PL 
5,  A.) 

The  nesting  chambers  of  the  several  species  studied  are  from  7  to 
10  inches  in  their  interior  dimensions  and  are  completely  filled  with 
the  materials  just  mentioned.  They  may  be  entered  by  two  or  more 
openings,  connecting  usually  with  the  deeper  underground  passage- 
ways.   On  low  meadowlanas,  however,  the  nests  of  Thomoiihya  htd- 
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A,  Single  mound  of  pocket  gopher.  The  circular  plug  near  one  side  is  the  last  earth  pushed  out 
and  indicates  the  position  of  the  lateral.  B,  Composite  mound,  formed  by  accumulations  of 
earth  pushed  out  from  a  number  of  laterals  terminating  in  close  association 
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A,  Typo  of  mound  c'onstructt\l  by  the  C'anuus  pixkil  Kuplu-r  (Thomomiis  bulbirortu)  in  low,  wet 
meadows  of  the  Willami'tto  Valley,  Ofpr.;  H.  ixtckct-pophor  "cables,"  or  ridges  of  excavated 
earth  dei)osito«l  by  the  animals  in  tunnels  under  the  snow 
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hironss  are  sometimes  less  than  a  foot  beneath  the  surface.  On 
better-drained  slopes  the  same  species  nests  at  a  depth  of  2  or  3  feet. 
Nests  of  Geamtfs  bunwrhu^  in  the  Middle  West,  are  from  IVj^  to  2% 
feet  beneath  the  surface  of  the  ground.  On  the  gravelly  prairies  or 
western  Washingt<Mi  the  feeding  rmis  of  T.  dtm^Mni  yHmentU^  as 
they  approach  the  vicinitv  of  the  nest,  descend  almost  vertically  to 
depths  of  2,  3.  and  even  5  teet.  From  the  bottom  of  this  nearly  verti- 
cal shaft  the  burrow  then  takes  a  horizontal  or  sometimes  an  up- 
grade course  of  several  feet  to  the  nest  chamber.  In  excavating  four 
burrow  systems  of  this  species,  the  writer  found  the  nests  at  depths 
of  26,  29.  34.  and  36  inches,  respectively.  The  greatest  depth  readied 
by  any  one  of  the  connecting  passageways  was  64  inches. 

From  investigations  of  the  pocket  gopher  in  captivity  {S7),  it  is 
learned  that  the  young  are  bom  blind,  hairless,  and  without  cheek 
pockets  or  teeth.  *  (PI.  5,  B.)  The  first  two  of  these  conditions  have 
been  noted  also  in  the  field.  At  the  age  of  about  3  weeks  the  young 
begin  to  take  an  interest  in  the  green  food  provided  by  the  mother. 
A  week  or  10  days  later  they  are  well  on  the  way  toward  overcoming 
their  physical  handicaps.  When  about  a  montfi  and  a  half  old  they 
are  weaned  and  soon  after  begin  to  shift  for  themselves.  At  this 
time  they  may  be  trapped  in  the  parental  burrows,  but  are  often 
found  in  short,  simple  tunnels  of  their  own  construction.  All  are 
mature  by  the  next  breeding  season. 

Whether  a  female  pocket  gopher  will  produce  two  or  more  litters 
in  a  season  depends  upon  locality  and  upon  the  food  relations  of  the 
particular  species.  Painstaking  investigations  of  the  writer  in  the 
Middle  West  and  in  the  Northwest  lead  to  the  conclusion  that  even 
the  lengthened  breeding  season  of  the  pocket  gopher  does  not  suf- 
fice generally  for  such  a  performance.  By  following  carefully,  week 
by  week,  the  sexual  development  (seasonal)  in  both  males  and  fe- 
males early  in  the  spring,  by  noting  the  first  cases  of  pregnancy  and 
the  birth  of  the  first  young,  by  calculating  the  periods  of  gestation 
and  lactation,  and  by  observing  again  the  rapid  recession  from  breed- 
ing condition  in  both  sexes,  one  is  led  to  the  conclusion  that  in  the 
latitudes  mentioned  and  in  natural  environment  few  pocket  gophers 
may  be  expected  to  raise  more  than  one  litter  a  year.  There  is,  how- 
ever, considerable  evidence  that  pocket  gophers  living  in  the  changed 
environment  brought  about  by  irrigation  and  agriculture  become 
more  prolific.  This  physical  reaction  is  understood  to  account  for 
the  rapid  increase  in  numbers  following  the  introduction  of  ditch 
and  plow,  especially  in  the  valleys  of  the  Southwest,  where  an 
abundant  supply  of  green  food  thus  provided  sometimes  the  year 
round  reacts  upon  the  plastic  nature  of  this  race  of  mammals  to  pro- 
long the  breeding  season  and  to  facilitate  the  interbreeding  of  dif- 
ferent family  groups.  Xormally  in  this  region  seasonal  sexual  de- 
velopment is*^  coincident  with  the  beginning  of  the  fall  rains  and  is 
stimulated  by  the  new  growth  of  green  vegetation.  Breeding  con- 
ditions obtain  throughout  the  winter.  Where  green  food  grown 
under  irrigation  is  to  be  had,  with  no  dependence  on  rainfall,  breed- 
ing is  under  way  late  m  November,  and  in  some  localities  may 
continue  indefinitely. 
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Tables  2  and  3  present  data  concerning  the  breeding  of  one  form 
of  each  of  the  two  principal  genera  of  pocket  gophers  in  the  United 
States  {Geomys  hursarius  and  Thomomys  douglasii  yelmensis) ,  Cli- 
matic conditions  of  habitat  include,  in  one  case,  the  hot  summers 
and  rigorous  winters  of  a  mid- western  State  (Kansas)  and,  in  the 
other,  the  lesser  extremes  of  seasonal  range  on  the  Pacific  coast. 
The  number  of  young  of  hursarius  ranged  from  1  to  6,  with  an  aver- 
age of  4.2,  and  of  yelTnensis  from  2  to  7,  with  an  average  of  5. 

Table  2. — Breedhiff  records  of  131  females  of  Geomys  bursarius  taken  at  Man- 
hattai%  Kans.,  on  28  different  dates  in  three  successive  springs 


Date  taken 

Females 
examined 

Embryos 

Breeding  condition  or  seasonal  sexual  development 

First  year: 

Feb.  27 

Mar.  15 

Mar.  18 

Do 

Mar.  19 

Mar.  26 

Nuviber 
4 
2 
2 
2 
1 
2 

Number 

None 

4,5 

6,6 

None 

—do 

3,4 

No  indications  of  pregnancy. 

1  lot  almost  fully  developed;  other,  a  little  less  so. 

1  lot  embryos  25  millimeters  long;  others,  slightly  developed. 

1  showed  marked  development;  other,  medium. 

Marked  development. 

1  lot  embryos  nearly  developed;  other,  fetal  sacs  16  millimeters 

long. 
Single  fetal  sac  16  millimeters  long;  Q). 

1  lot  7  millimeters  long;  other,  16  millimeters  long. 

2  lots  advanced  development;  other,  fetal  sacs  16  millimeters 
long. 

2  lots  fetal  sacs  26  millimeters  long;  other,  16. 

2  lots  embryos  in  early  stage  of  development;  others,  advanced. 
Both  lots  fetal  sacs  15  millimeters  long. 
Marked  development. 
1  lot  fetal  sacs  7  millimeters  long;  other,  16. 
1  lot  in  early  stage  of  development;  other,  fetal  sacs  20  milli- 
meters long. 

Fetal  sacs  7  millimeters  long. 

Mar.  26 

Apr.  1 

Apr.  4 

2 
2 
3 

l:Si-::::;: 

4,4,5 

Apr.  6 

Apr.  8 

Apr.  9.. 

Apr.  15 

Do 

Apr.  22 

Apr.  24 

3 

1 
3 
2 
1 
2 
2 

4,4,6 

0) 

4,4,4 

5,  5 

None 

4,4 

4,3 

May  3 

2 

1 
2 
2 
2 

1 
7 
3 
7 

1 
1 

2 
1 
1 
2 
2 
2 
1 
3 
4 
2 
1 
2 
1 

5 
9 
6 
6 
2 
6 
3 

,  « 

Do 

Do 

^»U'::::::: 

Do 

May  20 

Second  year: 
Jan  31 

Non<e* 

2,4. 

None 

0) 

No  indications  of  pregnancy  or  that  young  had  been  bom. 
1  lot  fetal  sacs  7  millimeters  long;  other,  17  millimeters. 

No  indications  of  pregnancy  or  that  young  had  been  bom. 

None 

4 

Do. 

Fetal  sacs  16  millimeters  long. 

Do 

Feb  6 

None 

6 

No  indications  of  pregnancy. 
Fetal  sacs  7  millimeters  in  diameter. 

Do 

Do 

Feb  7 

None 

...do 

6 

Marked  development. 
No  apparent  development. 
Fetal  sacs  15  millimeters  long. 

Do. 

Do 

Feb.  8 

Do 

Feb.  10 

Do 

Do - 

Feb  12 

None 

...do 

...do 

—do 

6,6,6 

None 

...do 

4 

Marked  development. 
No  apparent  development. 

Marked  development. 

1  lot  fetal  sacs  7  millimeters  long;  second,  16;  third,  20. 

Marked  development. 

No  apparent  development. 

Fetal  sacs  7  millimeters  in  diameter. 

Do 

Do 

Third  year: 

Jan.  25 

Do 

Feb.  11 

Do - 

Do 

Mar.  3 

Do 

None 

—do 

—do 

—do 

...do 

—do 

4,4 

None 

5,6,4 

Marked  development. 
No  apparent  development. 

Marked  development. 

No  apparent  development. 

Marked  development. 

Medium  development. 

1  lot  fetal  sacs  7  millimeters  in  diameter;  other,  «. 

No  apparent  development.                                      ,        , ,  , 

First  lot  fetal  sacs  7  milUmeters  in  diameter;  second,  8;  third,  5. 

1  Evidence  that  young  hud  been  bom. 
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Table  3. — Breedinff  record  of  222  females  of  Thomomys  douglasii  yelmensis 
taken  on  20  different  dates  on  Olympia  prairies,  Wash.,  in  three  successive 
sprinffs 


Date  taken 

Females 
examined 

Embryos 

Breeding  condition  or  seasonal  sexual  development 

First  year: 

Number 

Number 

Feb.  11 

2 

None 

No  apparent  development. 

Feb.  20 

6 

—do 

Do. 

Mar.  17 

6 

—do 

Do. 

Do 

—do 

Slight  development. 
Marked  development. 

Do 

...do 

Do 

6 

Fetal  sacs  7  millimeters  in  diameter. 

Apr.  6 

None 

Marked  development. 

Do 

--do 

No  evidence  of  pregnancy. 

Second  year: 

Feb.  24 

11 

—do 

No  apparent  development.  . 

Do 

—do 

Slight  development. 

Do 

—do 

Marked  development. 

Mar.  17 

8 

—do 

Slight  to  medium  development. 

Do 

1 

—do 

Marked  development. 

Apr.  11 

2 

—do 

No  apparent  development. 

Do 

6 

—do 

Medium  development. 

Do 

2 

—do 

Marked  development. 

Do 

1 

8 

7 

Fetal  sacs  7  millimeters  in  diameter. 

Mays 

None 

Medium  to  strong  development. 

Fetal  sacs  in  first  three  lots  7  millimeters  in  diameter;  fourth. 

Do 

6 

6,4,5,7,6,4" 

13  long;  fifth,  4  in  diameter;  sixth,  sacs  just  discernible. 

May  12 

13 

None 

Not  pregnant;  some  may  have  borne  young;  others  certainly 

had  not. 
First  lot  fetal  sacs  7  millimeters  in  diameter;  second,  4. 

Do - 

2 

7,6 

May  25 

13 

None 

Field  note:  Not  pregnant;  had  borne  young  or  had  not  mated. 

Do 

6 

5,4,5,4,6- 

First  lot  fetal  sacs  7  millimeters  long;  second,  12;  third,  13: 
fourth,  18;  fifth,  just  discernible. 

Third  year: 

Feb.  20 

8 

None - 

No  apparent  development. 

Mar.  7 

5 

-.do - 

Do. 

Do 

5 

—do 

Slight  development. 

Do 

5 

—do 

Medium  development. 

Mar.  21 

3 

-.do 

Slight  development. 

Do 

6 

-.do 

Medium  development. 

Do 

3 

—do 

Marked  development. 

Apr.  4 

1 

-.do 

Medium  development. 

Do 

9 

—do 

Marked  development. 

Do 

4 

5,5,5,5— 

First  lot  fetal  sacs  7  millimeters  in  diameter;  second,  6;  third 
and  fourth,  13. 

Apr.  19 

2 

None 

Medium  development. 

Do 

6 

-.do 

Marked  development. 

Do 

4 

4,6,5,4-- 

Two  lots  fetal  sacs  7  millimeters  in  diameter;  third,  8;  fourth,  22 

long. 
Medium  development. 

Mayl 

3 

None 

Do 

1 

-.do 

Marked  development. 

Do 

6 

6,4,7,4,5,3.. 

First  lot  fetal  sacs  7  millimeters  in  diameter,  second,  7;  third. 
10;  fourth,  10;  fifth,  5;  sixth,  19  long. 

Do 

2 

0) 

May  17 

2 

None 

Medium  development. 

Do 

13 

(2) 

Do 

3 

None 

Marked  development. 

June  1 

14 

—do 

Uterus  in  normal  out-of-season  condition. 

Do 

2 

4,4 

Fetal  sacs  12  by  16  millimeters  in  each  case: 

June  15 

8 

None 

Uterus  in  normal  out-of-season  condition. 

Do- 

1 

2.  . 

One  fetus  23  millimeters  long;  other,  smaller;  both  in  right 

July  15 

8 

None...... 

horn  of  uterus. 
Uterus  in  normal  out-of-season  condition. 

1  Young  born  in  each  case;  nest  not  found. 

2  Young  born  in  each  case  but  nimiber  could  not  be  estimated.^ 


Dispersal  of  Young 

As  has  been  indicated  (p.  13),  the  young  pocket  gophers  are 
probably  mature  enough  at  six  or  seven  weeks  to  care  for  themselves. 
They  will  sometimes  be  taken  in  the  traps  or  appear  outside  the 
burrows  at  an  earlier  age  if  the  mother  has  been  killed  by  the  trap- 
ping operations.  Shallow  retreats  and  tunnels  of  small  diameter 
appearing  in  spring  and  summer  are  signs  of  the  dispersal  of  the 
young,  some  to  places  near  the  parental  burrows  and  others  to  unoc- 
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cupied  territory  at  a  considerable  distance.  Burrow  studies  appear 
to  show  also  that  dispersal  is  partly  accomplished  by  the  simple 
expedient  of  plugging  off  from  the  old  home  by  a  door  of  com- 
pacted earth  and  then  extending  the  laterals. 

FOOD  OF  POCKET  GOPHERS 

The  natural  food  of  pocket  gophers  consists  of  the  fleshy  roots  and 
underground  stems  of  various  plants  growing  wild  in  its  habitat. 
Where  these  abound  in  favorable  spots,  the  pocket  gophers  become 
more  or  less  colonized.  In  other  localities,  where  vegetation  that 
will  serve  for  food  is  scant,  the  distribution  of  individuals  or  of 
families  is  much  more  scattering.  In  addition  to  roots  and  root- 
stocks,  the  succulent  stems  of  grasses,  legumes,  and  other  edible  vege- 
tation contribute  to  the  pocket  gopher's  subsistence,  as  do  also  the 
leaves  of  such  plants  as  dandelion  (Taraxacum)  and  cats-ear 
(Hypochaeris).  # 

Stems  and  leaves  of  food  plants  are  usually  obtained  by  tunnel- 
ing to  the  source  of  supply  from  beneath  and  drawing  the  vegeta- 
tion down  into  the  burrow,  to  be  eaten  or  stored.  Legumes  growing 
in  clumps,  particularly,  are  thus  attacked.  At  times  also,  chiefly  at 
night,  the  pocket  gopher  ventures  from  its  burrows  and  forages 
near  by. 

Whether  found  in  its  tunneling  or  obtained  by  foraging,  the  plant 
structures  eaten  by  the  pocket  gopher  are  sectioned  into  convenient 
lengths  to  be  carried  through  the  burrows,  usually  in  the  animal's 
cheek  pockets.  The  sections  thus  made  are  commonly  an  inch  or 
two  in  length,  sometimes  shorter.  Stores  of  roots,  however,  have 
been  found  in  which  dozens  of  the  pieces  ranged  from  4  to  8  inches 
long.  (PL  6,  A.)  These  the  animal  must  carry  or  drag  to  the 
storeroom  without  the  aid  of  its  pockets.  The  same  is  necessarily 
true  of  the  large  cultivated  tubers  that  it  often  steals  from  the 
fields  or  bins  of  the  farmer.  Years  of  careful  study  in  the  field, 
however,  as  well  as  observations  of  captive  animals,  have  established 
the  fact  that  these  cheek  pockets  are  a  structural  adaptation  for 
transporting  food  supplies  only,  and  that  pocket  gophers  do  not 
carry  out  in  these  pockets  the  earth  excavated  in  burrowing. 

The  underground  chambers  excavated  for  the  purpose  of  storing 
food  vary  in  size  according  to  the  supplies  within  reach  and  with 
the  seasonal  demands.  Sometimes  one  will  find  in  a  pocket  of  the 
burrow  only  a  handful  of  roots  or  a  few  fleshy  leaves  and  bits  of 
stems ;  in  other  places  a  peck  or  more.  Indeed,  when  an  overindus- 
trious  pocket  gopher  finds  its  way  into  a  truck  patch  or  into  a  pit 
stocked  with  potatoes  or  apples,  it  will  sometimes  carry  away  bushels 
of  this  food. 

Except  for  the  handful  of  fresh  food  that  may  usually  be  found 
in  or  near  a  pocket  gopher's  nest,  the  stores  are  commonly  near  the 
surface  in  chambers  connecting  with  the  feeding  runs.  This  arrange- 
ment simplifies  the  transportation  of  supplies  in  the  harvest  season. 

The  pocket  gopher  follows  instinct  in  storing,  for  when  food 
supplies  are  abundant  the  animal  will  cache  them  away  without 
stint  of  labor,  though  much  of  it  may  not  be  used  and  may  sub- 
sequently spoil.     In  turning  over  clover  sod  in  the  spring  the  plow 
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Plate  5 


B 18655        B24329 

A,  Excavation  showing  nest  of  the  Yelm  pocket  gopher  (Thomomys  douglasi  yelmensis)  in  western 
Washington;  B,  young  of  the  Camas  pocket  gopher  (T.  bulbivorus),  Willamette  Valley,  Oreg. 
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Plate  6 


B13942       B293IS 


A,  Root  Stores  of  tho  Mississippi  ViiUoy  pocket  nophcr  (Oeomys  biusariu.s);  H.  jxiokot  Rophcrs 
gnawed  olT  the  roots  of  I  his  cherry  tree  and  six  others  iu  a  siuull  orchard  at  Bucwla,  Wash. 
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sometimes  uncovers  a  great  many  such  stores.  It  would  appear, 
too,  that  the  instinct  to  provide  food  for  a  period  of  possible  scarcity 
is  operative  even  when  such  a  course  does  not  seem  necessary.  In 
the  Pacific  Northwest,  where  the  pocket  gopher's  harvest  season 
may  cover  the  entire  year,  the  little  animal  appears  to  store  as  abun- 
dantly as  it  does  in  regions  of  severe  winters,  where  the  soil  freezes 
to  considerable  depths. 

A  study  of  the  pocket  gopher's  underground  stores  and  of  the 
evidences  of  its  damage  to  certain  vegetation  indicates  that  it  feeds 
on  a  wide  range  of  plants.  The  bill  of  fare  is  in  fact  as  varied  as 
the  plant  life  in  the  diverse  sections  of  its  habitat,  including,  as  it 
does,  the  bitter  as  well  as  the  sweet  or  palatable,  judged  by  human 
taste.  Roots,  stems,  and  sometimes  leaves  of  herbaceous  vegetation, 
and  also  roots  of  various  shrubs  and  trees,  are  found  among  the  food 
supplies.  (PL  6,  B.)  It  is  not  the  habit  of  the  pocket  gopher  to 
bark  or  girdle  trees  above  the  surface  of  the  ground ;  such  work  is 
usually  done  by  mice  or  rabbits. 

NATURAL  ENEMIES 

Since  pocket  gophers  only  occasionally  leave  their  secluded  run- 
ways, they  have  less  to  fear  from  predatory  foes  than  have  those  of 
the  rodent  race  that  seek  their  living  aboveground.  They  are  not 
entirely  safe  from  attack,  it  is  true,  for  a  few  sharp-eyed  and  vigi- 
lant enemies  habitually  capture  considerable  numbers  of  them  when 
they  come  to  the  exits  of  their  burrow^s  at  twilight,  or  on  dark,  cloudy 
days,  to  push  out  loads  of  earth.  Lacking  too  the  protective  ad- 
vantage of  the  mole,  pocket  gophers  are  greatly  relished  by  the  car- 
nivores, w^hile  the  mole  is  seldom  eaten  even  by  the  rapacious  birds 
and  mammals  that  occasionally  capture  it. 

The  pocket  gopher's  habit  of  showing  itself  aboveground  mainly 
at  twilight  and  dawn  has  the  effect  of  including  owds  and  house  cats 
particularly  among  its  enemies.  The  great  horned  owl  {Bubo  vir- 
giniarms)^  the  long-eared  owl  {Asio  wilsoniamos),  and  the  barn  owl 
(Tyto  alba  pratincola)^  species  of  wide  distribution  in  the  pocket 
gopher's  range,  render  valuable  service  in  keeping  down  the  numbers 
of  these  destructive  rodents.  A  single  pair  of  owls,  nesting  on  the 
farm,  will  destroy  scores  of  pocket  gophers  in  a  brief  season.  Dur- 
ing some  periods  these  birds  live  on  nothing  else,  as  evidenced  by  the 
pellets  of  bones  and  fur,  which,  in  common  with  most  birds  of  prey, 
they  invariably  disgorge  after  a  meal.^ 

Many  house  cats  become  addicted  to  the  habit  of  hunting  pocket 
gophers  and  will  roam  the  fields  day  after  day  and  lie  in  wait  for 
the  little  animals  to  appear.  Such  cats  should  be  encouraged  in  the 
habit  and  protected;  but  most  cats  that  hunt  away  from  the  farm 
premises  are  a  menace  to  bird  life  and  as  such  should  be  destroyed. 

The  weasel  (Mustela)  is  a  relentless  foe  of  the  pocket  gopher,  be- 
ing practically  the  only  predatory  mammal  small  enough  to  make 
its  way  through  the  burrows  on  the  trail  of  its  prey.  In  this  com- 
mendable pursuit  it  sometimes  blunders  into  traps  set  for  pocket- 

2  See  Fisher,  A.  K.  hawks  and  owls  of  the  united  states.  TJ.  S.  Dept.  Agr.,  Div. 
Ornithol.  and  Mammal.,  Bui.  3,  210  p.,  illus.     1893, 
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gopher  control  and  becomes  a  sacrifice  in  a  good  cause.  The  burrows 
of  the  larger  species  of  pocket  gophers  are  entered  occasionally  also 
by  the  little  striped  skunk  (Spilogale).  Proof  of  this  is  furnished, 
as  in  the  case  of  the  weasel,  by  the  taking  of  a  skunk  now  and  then 
in  a  steel  trap  placed  in  the  pocket  gopher's  runway. 

In  the  South  and  in  the  Middle  West  the  king  snake  (Lcum'pro- 
peltis  getulvs)  preys  upon  pocket  gophers  to  some  extent,  and  in 
certain  sections  is  known  as  the  "  gopher  snake."  Not  only  is  it  able 
to  enter  the  burrows  when  the  pocket  gopher  has  left  them  open 
temporarily,  but  it  has  been  observed  worming  its  way  into  fresh 
mounds.  The  service  rendered  the  farmer,  however,  by  rodent-eat- 
ing snakes  must  be  discounted  by  the  fact  that  the  reptiles  require 
a  meal  but  seldom. 

Except  perhaps  in  a  few  favored  localities,  natural  forces  can  not 
be  depended  upon  to  keep  in  check  the  increase  of  the  pocket  gopher 
in  agricultural  sections.  Increasing  the  acreage  of  certain  crops 
produces  the  very  conditions  that  are  favorable  to  more  rapid  mul- 
tiplication of  the  species,  as  does  also  thoughtless  or  wanton  destruc- 
tion of  harmless  owls,  hawks,  king  snakes,  and  of  certain  small  preda- 
tory mammals.  The  worst  that  can  be  said  of  some  of  the  enemies  of 
the  pocket  gopher  is  that  the  great  horned  owl,  the  weasel,  and  the 
skunk  sometimes  destroy  domestic  poultry;  this  damage  could  be 
prevented  by  proper  measures  of  control  and  precaution  in  protect- 
ing the  birds  at  night. 

DAMAGE  TO  AGRICULTURAL  CROPS 

The  original  economic  status  of  the  pocket  gopher  changed  with 
the  coming  of  the  pioneer  farmers  into  its  habitat.  There  was  a 
time  when  the  work  of  these  little  animals  was  of  real  benefit  to 
the  future  interests  of  agriculture.  For  untold  ages  they  had  been 
mixing  the  soils  on  prairies  and  mountain  slope;  bringing  up  the 
subsoil  to  mellow ;  and  covering  up  vegetation  to  molder  and  add 
humus  to  the  clays  and  sand.  But  now  that  the  virgin  soil  has  been 
formed,  these  services  of  pocket  gophers  in  agricultural  areas  can 
be  dispensed  with,  as  also  can  those  of  other  burrowing  mammals  that 
have  played  their  part  in  the  preparation  of  soils,  for  their  presence 
there  simultaneously  with  crops  is  seriously  detrimental  to  agricul- 
tural interests.  As  the  pocket  gopher  is  primarily  a  root  eater,  crops 
having  fleshy  roots,  rootstocks,  or  tubers  are  liKely  to  suffer  most 
from  its  depredations.  This  distinction  practically  excludes  the 
small  grains,  though  in  some  situations  shocked  grain  is  injured  when 
the  pocket  gopher  works  up  among  the  sheaves  from  beneath. 

ALFALFA  AND  THE  CLOVERS 

In  districts  of  the  Middle  West  where  alfalfa  is  grown  without 
irrigation,  no  other  crop  suffers  so  heavily  from  the  destructive 
lijibits  of  the  pocket  gopher.  The  damage  results  not  only  from  the 
roots  being  eaten  and,  to  a  lesser  extent,  the  stems,  but  also  from  the 
fact  that  mounds  of  earth  are  thrown  up  that  cover  considerable 
areas  of  the  growing  crops  and  obstruct  later  the  harvesting  of  the 
remainder.  From  1,200  to  1,500  distinct  earth  heaps  to  the  acre 
have  actually  been  counted  on  fields  of  average  infestation. 
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Conditions  of  life  for  the  pocket  gopher  in  an  unirrigated  field  of 
alfalfa  are  easy,  for  the  ground  is  not  tilled  for  years  at  a  time, 
at  least  not  deep  enough  to  interfere  with  the  underground  runways, 
and  the  roots  of  the  plants  are  fleshy  and  penetrate  deep  into  the 
soil.  There  they  may  be  found  in  abundance  at  almost  any  depth 
at  which  the  animals  range,  summer  or  winter.  As  a  result  of  these 
favorable  conditions  pocket  gophers  increase  greatly  in  numbers 
wherever  alfalfa  is  extensively  grown.  In  the  river  valleys  of  the 
Middle  West  large  fields  may  be  seen  in  which  one  might  walk  over 
the  entire  tract  by  stepping  from  one  pocket -gopher  mound  to 
another.     (PL  2,  B.) 

Fields  of  clover,  alone  or  mixed  with  meadow  grasses,  suffer  less 
than  does  alfalfa  from  the  attacks  of  pocket  gophers  only  because 
they  are  less  permanent  on  the  same  ground.  The  usual  practice 
of  plowing  them  every  two  or  three  years  and  rotating  the  clover 
with  other  crops  interferes  with  the  pocket  gophers'  habit  and  drives 
the  animals  to  new  pastures. 

Even  a  few  pocket  gophers  in  an  alfalfa  or  clover  field  become  an 
intolerable  nuisance  by  obstructing  the  work  of  mowing  the  crop. 
The  man  who  is  running  the  machine  must  be  constantly  on  the 
lookout  for  the  mounds  so  that  he  may  raise  the  cutter  bar  until 
the  obstacle  is  passed.  This  entails  much  extra  labor  and  a  portion 
of  the  crop  is  lost  by  cutting  too  high.  If  the  mound  is  not  seen 
in  time  to  be  avoided  it  will  clog  the  machine,  and  sections  of  the 
knives  will  be  dulled  and  nicked  by  sand  and  gravel.  In  certain 
soils  the  horses  drawing  the  mower  stumble  frequently  as  their  feet 
break  through  into  the  pocket-gopher  runways  or  into  enlargements 
of  these  caused  by  the  washing  of  heavy  rains. 

NATURAL-GRASS  MEADOWS 

Meadows  of  native  grasses  are  sometimes  so  infested  by  pocket 
gophers  that  in  places  they  have  the  appearance  of  being  plowed. 
The  animals  apparently  find  suitable  food  scarcer  there  than  in 
alfalfa  and  clover  fields  and  are  consequently  obliged  to  dig  more 
extensive  runways  in  search  of  the  roots  of  native  plants.  Such 
lands,  being  adapted  to  its  permanent  residence,  must  be  cleared 
of  the  pocket  gopher  if  they  are  to  be  profitably  handled  for  the 
production  of  hay. 

.ROOT  CROPS 

Truck  gardens  and  lands  utilized  in  the  growing  of  root  crops 
are  frequently  subject  to  invasion  by  pocket  gophers,  although  as  a 
rule  the  animals  do  not  gain  a  permanent  foothold  in  such  situations. 
The  retreats  from  which  they  come  are  usually  tracts  of  waste  land 
or  fields  that  remain  uncultivated  for  a  period  of  years,  as  fence 
rows,  wood  lots,  public  highways,  pastures,  meadows,  and  alfalfa 
fields.  If  no  effort  is  made  to  destroy  the  animals  they  will  often 
establish  themselves  for  a  time  in  some  part  of  a  cultivated  field 
and  do  much  damage.  Here  they  eat  the  pieces  of  potato  that  are 
planted  in  spring  and  later  feed  upon  newly  forming  roots  and 
tubers  in  general,  causing  thereby  the  death  of  the  plants.  In  the 
fall  they  harvest  a  share  of  the  crop  that  is  left  and  store  it  under- 
ground for  winter  use.     Being  overprovident  by  nature,  they  store 
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and  leave  to  be  wasted  a  great  deal  more  than  they  can  ever  consume. 
Not  content  with  what  they  may  harvest  on  their  own  account,  they 
too  often  find  their  way  into  the  farmer's  root  cellar  or  pit  and 
plunder  at  their  leisure.  Several  bushels  of  potatoes,  turnips,  or 
other  stored  products  are  sometimes  thus  carried  away  by  a  single 
industrious  pocket  gopher. 

HORTICULTURAL  CROPS 

The  pocket  gopher  is  a  pest  that  can  not  be  tolerated  either  in 
large  commercial  orchards  or  in  the  home  garden.  Its  damage  is 
greatest  in  newer  orchards,  because  the  vounger  trees  are  less  able 
to  survive  attack  on  their  root  systems.  Then,  too,  the  ground  hav- 
ing been  cleared  for  planting,  the  roots  of  the  fruit  trees  are  sought 
by  the  pocket  gophers  as  the  only  food  available.  Instances  may- 
be cited  where  young  orchards  have  suffered  the  loss  of  almost  every 
tree  from  such  attacks.  Because  the  pocket  gopher  works  out  of 
sight,  the  damage  may  be  accomplished  before  the  owner  is  aware 
that  his  trees  are  threatened.  By  testing  the  anchorage  strength 
of  such  trees  one  will  find  that  thev  yield  readily  to  a  pull.  Nothing 
but  stubs  of  the  root  system  are  left.    (PL  6,  B.) 

An  orchard,  like  an  alfalfa  field  or  a  meadow  of  native  grasses, 
may  shelter  the  pocket  gophers  permanently,  especially  since  the 
older  practice  of  clean  cultivation  has  generally  given  way  to  the 
growing  of  cover  crops  among  the  trees.  This  complicates  the 
problem  of  pocket-gopher  control,  not  only  by  providing  more 
harbor  and  shelter  for  the  animals  and  concealing  their  work,  but 
also  by  furnishing  them  additional  food. 

What  has  been  said  of  damage  to  orchard  trees  is  also  true  of 
nursery  stock  in  the  field.  The  loss  to  the  nurseryman  may  be  even 
greater  because  of  the  closer  spacing  of  the  young  trees  and  the  great 
value  of  some  of  the  grafted  or  budded  stock. 

In  the  citrus-fruit  growing  districts  of  the  Southwest,  injury  to 
the  younger  orange  trees  is  always  imminent  if  there  is  any  waste 
land  near  by  from  which  invasion  of  pocket  gophers  may  occur. 
Damage  to  the  root  systems  is  similar  to  that  suffered  by  the 
deciduous  fruits  but  is  perhaps  more  keenly  appreciated  by  the 
citrus-fruit  rancher  on  account  of  the  relatively  high  value  of  his 
lands  and  their  products. 

Ornamental  palms  introduced  into  the  southern  parts  of  the 
United  States  have  found  a  new  enemy  in  the  pocket  gopher,  which 
not  only  feeds  upon  the  roots  but  hollows  out  the  base  of  the  trunk 
or  tunnels  spirally  upward  through  it  and  excavates  nesting  cham- 
bers in  its  soft  interior.  Such  infestation  is  sometimes  not  discovered 
until  serious  injury  to  or  death  of  the  tree  has  resulted.     (PI.  7.) 

Certain  classes  of  bulbs,  more  recently  grown  commercially  in 
some  parts  of  the  country,  are  relished  by  the  pocket  gopher  and 
will  be  eaten  in  quantity  or  carried  away  and  stored  unless  the 
grower  is  vigilant  in  protecting  his  crop.  At  times  the  bulb  alone 
serves  as  food  for  the  animal ;  sometimes  the  bulb  is  rejected  when 
distasteful  and  the  tender  parts  of  the  plant  eaten.  Gladioluses, 
bulbous  irises,  tulips,  and  ireesias  are  particularly  subject  to  the 
pocket  gopher's  attacks. 
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B34627        B34628 


A  and  B  Old  leaf  bases  of  palms  removed  to  show  the  pocket  gopher's  method  of  tunneling  spirally 
'  into  the  trunks,  Palo  Alto,  Calif. 
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A,  Break  in  irriu.uinn  caiKil  ;il  Kiunrwick,  Wash.,  oriKinatinK  in  water  floA' throUKh  pocket-gopher 
burrows;  l{,  a  calch  of  the  Camaa  pocket  gopher  (Thoiitomys  btUbivorus)  from  the  VVillauiette 
Valley,  Oreg, 
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IRRIGATED   LANDS  AND   CROPS 

Pocket  gophers  present  special  problems  in  irrigated  districts. 
Perhaps  the  chief  of  these  relates  to  their  habit  of  burrowing  into 
and  through  the  banks  of  ditches ;  another  is  concerned  with  their  in- 
creasing abundance  on  reclaimed  lands;  and  a  third  has  to  do  with 
their  permanent  occupancy  of  only  such  situations  as  are  not 
regularly  flooded. 

Certain  other  of  the  pocket  gopher's  activities  have  sometimes 
proved  more  disastrous  to  the  farmer  than  its  food  habits.  The 
animal's  practice  of  covering  up  a  considerable  percentage  of  a 
growing  crop  with  its  mounds  of  earth  and  thereby  obstructing 
harvestmg  has  already  been  referred  to.  Even  more  destructive  is 
its  habit  of  burrowing  into  the  banks  of  irrigation  ditches — canals 
as  well  as  smaller  laterals.  (PI.  8,  A.)  Constant  vigilance,  day 
and  night,  is  sometimes  necessary  on  the  part  of  the  rancher,  both 
to  conserve  the  water  that  is  likely  to  waste  through  pocket-gopher 
burrows  and  to  prevent  breaks  in  the  ditch  banks  at  points  where 
they  have  been  weakened  by  the  animal's  tunneling.  Major  breaks 
of  this  sort  sometimes  result  in  thousands  of  dollars'  damage  to 
crops  and  irrigation  construction.  Less  expensive,  but  more  com- 
mon and  annoying,  are  the  breaks  that  allow  the  water  to  flow  onto 
private  roads  or  public  highways,  frequently  rendering  them  boggy 
and  impassable. 

Balance  in  the  animal  world  is  maintained  by  conditions  of  food 
supply,  environment,  and  interrivalry.  When  the  desert  is  reclaimed 
for  agriculture,  the  food  of  the  pocket  gopher  is  abundant,  shelter 
is  more  accessible,  and  the  number  of  its  natural  enemies  reduced. 
Consequently,  there  is  always  a  steady,  sometimes  a  rapid,  increase 
in  the  numbers  of  these  rodents  following  the  introduction  of  irri- 
gation practice.  This  adds  one  more  complication  to  the  pioneer 
rancher  s  problems. 

Because  of  the  periodic  flooding  of  the  land,  certain  crops  grown 
under  irrigation  suffer  less  damage  from  pocket  gophers  than  when 
raised  under  natural  conditions.  This  is  particularly  true  of  alfalfa, 
one  of  the  mainstays  of  irrigation  farming.  Not  being  able  to  re- 
main in  such  cultivated  tracts,  pocket  gophers  maintain  permanent 
residence  on  the  waste  lands  and  in  ditch  banks.  From  these  situa- 
tions they  make  their  underground  forays  to  the  crops  in  the  inter- 
vals between  flooding  and  in  the  nonwatering  season. 

PASTURE  AND  RANGE 

It  is  only  in  certain  situations  that  pocket  gophers  are  found  on 
stock  ranges  in  numbers  sufficient  to  affect  materially  their  value 
for  grazing  purposes.  Where  heavy  infestation  occurs  in  spots  over 
such  lands,  it  is  generally  an  indication  of  the  presence  of  other 
food  plants  than  the  forage  grasses.  The  removal  of  such  plants 
would,  in  some  cases,  benefit  the  range  rather  than  detract  from  its 
grazing  value.  In  the  smaller,  inclosed  pastures,  in  which  there  is 
a  mixture  of  clover  and  grasses,  the  pocket  gopher  sometimes  be- 
comes a  nuisance  by  covering  up  parts  of  the  grazing  surface  with 
its  mounds  of  earth. 
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MEASURES  OF  CONTROL  RECOMMENDED 

In  general,  the  control  of  the  pocket  gopher  and  its  eradication 
in  particular  localities  are  not  extremely  difficult,  but  they  require 
persistence  and  cooperative  effort.  Unlike  the  rat  or  the  meadow 
mouse,  the  animal  can  not  be  rated  as  a  prolific  breeder;  it  does 
not  spread  by  long  migrations;  it  is  open  to  attack  at  any  time  of 
year;  it  has  its  limitations  as  to  habitat;  and  it  is  not  by  nature 
shrewd  and  suspicious  of  the  wiles  of  man.  Details  of  control 
methods  have  no  place  in  the  present  discussion.  It  is  sufficient  to 
state  that  the  methods  tested  and  variously  employed  include  fumi- 
gation of  the  burrows  of  the  pocket  gopher,  trapping  with  specially 
designed  traps  (PI.  8,  B),  shooting,  and  poisoning,  all  either  indi- 
vidually on  single  premises  or  in  general  campaigns  of  community 
cooperation.  Lack  of  wariness  on  the  j)art  of  this  rodent  makes 
it  possible  to  obtain  satisfactory  results  with  any  practicable  method 
of  control.  Use  of  acceptable  baits  treated  with  powdered  strych- 
nine gives  quicker  results  than  trapping  over  extensive  areas. 

Requests  are  sometimes  made  for  a  virus  that  will  communicate  a 
contagious  disease  to  pocket  gophers.  No  such  virus  is  known  to 
science,  and  no  such  disease  has  been  recognized  as  affecting  these 
animals.  It  has  not  yet  been  demonstrated  that  a  virus  can  be 
employed  successfully  in  the  destruction  of  any  rodent,  much  less 
an  animal  of  such  solitary  life  habits  as  the  pocket  gopher. 

Detailed  information  on  methods  of  control  will  be  furnished  by 
the  Biological  Survey  on  request,  either  direct  to  the  applicant  or 
through  the  bureau's  local  leaders  of  rodent  control. 

STATUTORY  PROVISIONS 

The  sentiment  that  always  looks  to  legislative  enactment  for  the 
correction  of  evils  has,  at  various  times  and  in  various  States,  crys- 
tallized into  two  types  of  pocket-gopher  laws — (1)  compulsory-ex- 
termination laws,  and  (2)  bounty  laws. 

Compulsory-extermination  laws  have  their  merits  as  well  as  their 
weaknesses.  They  usually  provide  for  the  creation  of  a  pest  district 
on  petition  of  a  certain  number  of  citizens.  Or  such  districts  may 
be  formed  by  the  initiative  of  the  governing  board  in  township  or 
county.  Under  the  provisions  of  the  law  the  matter  of  destroying 
pocket  gophers,  or  other  rodent  pests,  is  commonly  left  primarily  to 
the  landowner  or  lessee.  If  he  fails  to  do  his  duty,  as  prescribed  by 
the  law,  properly  authorized  persons  may  enter  upon  his  lands  and 
attend  to  the  work  of  destroying  the  rodents,  the  costs  being  added 
to  the  owner's  taxes. 

A  weakness  of  these  laws  lies  in  the  difficulty  of  enforcing  them 
without  engendering  neighborhood  strife.  One  man  may  be  able 
to  think  clearly  in  terms  of  the  public  good,  while  his  neighbor  may 
reason  that  pocket  gophers,  because  of  their  burrowing  habits,  are, 
like  weeds,  practically  fixtures  of  the  soil,  to  be  eradicated  or  allowed 
to  thrive  as  the  owner  of  the  land  pleases  or  his  interests  dictate. 

The  merits  and  demerits  of  the  bounty  system  have  been  frequently 
discussed  in  the  agricultural  press  and  in  Government  publications, 
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but  since  many  counties  in  several  States  are  still  paying  bounties 
on  these  small  rodents,  some  further  discussion  of  the  system  as  it 
relates  to  pocket  gophers  is  warranted. 

The  bounty  system  is  most  objectionable  in  the  case  of  a  small 
rodent  like  the  pocket  gopher,  which  roams  about  so  little  that  it  is 
practically  a  resident  of  the  farm  on  which  it  burrows.  If  there  is 
any  justincation  for  placing  a  price  on  the  scalp  of  a  predatory  ani- 
mal, as  the  coyote  or  the  cougar,  that  may  take  toll  from  one  man's 
flock  to-day  and  from  his  neighbor's,  miles  away,  to-morrow,  this  is 
entirely  wanting  in  the  case  of  the  pocket  gopher.  The  principle 
of  requiring  the  community  at  large  to  pay  the  expense  of  protecting 
the  careless  man's  crops,  while  his  thrifty  neighbor  looks  after  his 
own  fields,  is  theoretically  wrong.  It  imposes  a  double  burden  upon 
thrift.  A  pocket-gopher-infested  district  would  profit  much,  how- 
ever, by  legal  enactment  requiring  the  proper  officials  to  exterminate 
the  pest  on  the  public  roadsides,  on  the  railroad  right  of  ways,  and 
on  any  land  set  apart  for  public  or  community  use.  Such  measures, 
thoroughly  undertaken,  would  deprive  the  shiftless  farmer  in  the 
community  of  his  pet  excuse  for  not  cleaning  up  his  own  acres. 

The  cost  of  maintaining  a  bounty  system  is  out  of  all  proportion 
to  the  benefits  gained.  Experience  with  the  system  in  many  States 
has  fully  demonstrated  that  bounties  on  small  mammals  seldom,  if 
ever,  accomplish  the  desired  end  of  ridding  the  communities  of  the 
pest.  After  the  greater  part  of  the  animals  of  the  territory  have 
been  trapped,  it  becomes  unprofitable  to  take  the  rest  for  bounty, 
and  considerable  numbers  are  left  to  reproduce  and  to  reoccupy 
the  ground.  Long  before  all  the  bounties  have  been  claimed  the 
heavy  drain  on  the  public  treasury  usually  results  in  the  repeal  or 
modification  of  the  law. 

Finally,  the  opportunities  for  fraud  in  claiming  bounties  are  even 
greater  in  the  case  of  the  pocket  gopher  than  of  the  larger  and 
better-known  predatory  animals.  Many  county  officials  to  whom 
the  scalps  are  presented  for  bounty  perhaps  have  never  seen  a  pocket 
gopher.  At  least  they  will  not  be  able  to  distinguish  its  dried  and 
shriveled  scalp  from  that  of  some  of  the  other  small  mammals.  Half 
a  dozen  legal  scalps  may  easily  be  faked  from  a  single  animal ;  and  as 
for  catching  the  animal  in  the  particular  county  where  bounty  is 
claimed,  fraud  is  too  often  practiced  by  passing  the  bundle  of  scalps 
from  one  dishonest  trapper  to  another. 

SUMMARY 

The  true  pocket  gopher  is  a  small  or  medium  sized  rodent  having 
external  cheek  pockets  lined  with  fur.  Though  almost  entirely  sub- 
terranean in  its  habits  and  nocturnal  in  its  rarer  activities  above- 
ground,  it  is  not  to  be  confused  with  other  burrowing  small  animal 
pests  frequently  termed  "gopher,"  including  moles  and  such  rodents 
as  ground  squirrels  and  prairie  dogs. 

The  presence  of  pocket  gophers  on  any  premises  is  usually  indi- 
cated by  the  heaps  of  fine  earth  it  carries  or  pushes  out  from  its 
underground  workings.  Sometimes  the  activity  of  the  animal  is 
concealed  by  its  habit  of  carrying  this  excavated  soil  into  old  aban- 
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(loned  parts  of  its  burrows.  There  are  no  permanent  external  open- 
ings to  the  runways. 

The  pocket  gopher  is  more  or  less  active  at  all  times  of  the  year, 
never  hibernating.  Its  operations  are  characteristic  and  its  earth 
mounds  readily  recognized.  When  digging  is  easy  and  fresh  food 
readily  obtained  the  rodent  is  tirelessly  busy;  when  these  conditions 
are  not  met  the  animal  resorts  as  needs  be  to  its  cache  of  supplies. 

In  middle  latitudes  the  pocket  gopher  has  a  definite  and  prolonged 
breeding  season,  in  the  spring  and  early  summer.  In  this  period 
some  individuals  may  raise  a  second  brood  and  some  certainly  on 
account  of  isolation  fail  to  mate  at  all.  Pocket  gophers  are  not 
social  in  their  habits  and  are  not  even  noticeably  gregarious.  The 
breeding  season  is  undoubtedly  prolonged  where  food  is  abundant, 
particularly  in  warmer  parts  of  the  country,  where  the  winters  are 
springlike  in  character,  and  where  cultivated  crops  follow  one 
another  under  irrigation. 

The  pocket  gopher  subsists  largely  on  roots  and  other  edible  under- 
ground plant  structures,  whether  native  to  its  habitat  or  introduced 
by  agriculture.  A  certain  quantity  of  plant  foliage  also  is  pulled 
or  carried  down  into  the  burrows  for  food.  The  animal  at  times 
stores  these  products  in  generous  quantity. 

Agricultural  practices,  particularly  irrigation,  sometimes  favor  a 
rapid  increase  in  numbers  of  the  pocket  gopher,  until  it  becomes  a 
serious  crop  pest  where  it  was  not  formerly  a  subject  of  concern 
or  comment.  Considerable  wastage  of  water,  damage  to  lands,  and 
costly  breaks  in  irrigation  structures  are  also  directly  chargeable  to 
the  pocket  gopher. 

Control  of  the  pocket  gopher,  where  troublesome,  is  accomplished 
chiefly  by  poisoning  and  trapping,  the  animal  not  showing  any  great 
degree  of  wariness  when  either  method  is  employed.  Traps  are  spe- 
cially designed  for  the  purpose  and  adapted  to  the  burrowing  habits 
of  the  rodent.  Powdered  strychnine  on  some  form  of  root  bait  has 
proved  generally  effective  in  poisoning  operations  on  large  areas. 
Public  bounties  on  the  pocket  gopher  have  always  failed  permanently 
to  rid  a  locality  of  the  pest. 
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INTRODUCTION 

The  experiments  reported  in  this  bulletin  were  made  at  the  Pee 
Dee  Experiment  Station  of  Clemson  College,  near  Florence,  Florence 
County,  S.  C,  from  1919  to  1928,  inclusive,  on  Norfolk  fine  sandy 
loam,  and  in  Darlington  County,  S.  C,  from  1922  to  1924,  inclusive, 
on  Norfolk  sandy  loam.  Cotton  and  corn  interplanted  with  cowpeas 
were  grown  in  rotation  on  two  duplicate  tiers  of  plots  in  the  experi- 
ments at  the  Pee  Dee  station,  both  crops  being  grown  each  year, 
and  cotton,  preceded  by  corn,  was  grown  in  the  Darlington 
County  experiments. 

The  Norfolk  soils  are  among  the  principal  soils  of  the  Atlantic 
coastal  plain  and  are  used  extensively  for  the  growing  of  cotton. 
The  Norfolk  fine  sandy  loam  occurring  at  the  Pee  Dee  Experiment 
Station  is  slightly  heavier  than  the  same  soil  type  in  the  surrounding 
country  in  Florence  (i)^  and  Darlington  (10)  Counties,  S.  C.  The 
surface  soil  to  a  depth  of  8  inches  is  light-brown  or  grayish-brown 
loamy  fine  sand.  It  is  underlain,  to  a  depth  of  about  18  inches,  by 
similar-textured  loamy  fine  sand  of  a  dull  yellowish-gray  color. 
Below  this  depth,  the  subsoil  is  yellow  and  of  fine  sandy  clay  texture. 
This  soil  is  typical  of  a  large  area  of  Norfolk  fine  sandy  loam 
occurring  in  the  coastal-plain  area. 

In  Florence  County  70,336  acres  of  Norfolk  sandy  loam  and  44,800 
acres  of  Norfolk  fine   sandy   loam   were   mapped.     In   Darlington 

1  This  report  is  the  result  of  cooperative  work  carried  on  by  the  U.  S.  Department  of 
Agriculture  and  the  South  Carolina  Agricultural  Experiment  Station  at  its  branch  station 
at  Plorence,  S.  C.  Assistance  by  R.  E.  Currin,  superintendent,  and  E.  E.  Hall,  agronomist 
of  the  branch  station,  who  furnished  technical  aid  and  facilities  for  carrying  out  the 
details  of  the  work,  is  acknowledged. 

-  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  21. 
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County,  the  adjoining  county,  65,024  acres  of  Norfolk  sandy  loam 
were  mapped.  In  North  Carolina,  South  Carolina,  Georgia,  and 
Alabama  there  had  been  mapped  by  the  United  States  Department  of 
Agriculture  to  December  30,  1924,  4,782,268  acres  of  Norfolk  sandy 
loam  and  3,799,300  acres  of  Norfolk  fine  sandy  loam. 

The  triangle  system  of  fertilizer  experimentation  (12)  was  used  in 
the  experiments  to  be  described.  This  plan  consists  of  using  the  fer- 
tilizer constituents,  nitrogen  (ammonia) ,  phosphoric  acid,  and  potash, 
singly,  two  together,  and  three  together,  the  ratios  varying  in  3  per 
cent  stages.  This  plan  of  fertilizer  experimentation  originated 
with  a  study  of  nutrient  solutions  (11)  and  has  since  been  used  ex- 
tensively in  aqueous  culture  investigations  {IS,  13).  Following  the 
use  of  the  triangle  system  in  solution -culture  work,  it  was  used  in 
field  studies,  first  in  a  grass  experiment  at  the  Pennsylvania  State 
College  {8)  and  later  with  many  crops  in  various  sections  of  the 
United  States  in  connection  with  fertilizer  problems.  The  scheme 
has  been  found  valuable  as  a  basis  for  preparing  fertilizer  mixtures, 
charting  data,  and  interpreting  results.  The  triangle  has  been  sug- 
gested as  a  basis  for  the  simplification  of  the  list  of  fertilizer  analyses 
manufactured  for  the  several  regions  of  the  United  States  {3),  The 
system  is  explained  in  detail  in  the  following  pages. 

PLAN  OF  THE  EXPERIMENT  AND  FERTILIZER  MIXTURES 

At  the  Pee  Dee  Experiment  Station,  two  tiers  or  series  of  plots 
were  used  in  the  fertilizer  experiments  under  discussion.  Each  tier 
consisted  of  twenty-eight  ^^-acre  plots.  Twenty-one  plots  re- 
ceived fertilizer  applications  and  seven,  or  every  third  plot,  received 
no  fertilizer  and  served  as  checks.  Cotton  and  corn  were  grown  in 
rotation.  Cowpeas  were  broadcast  in  the  corn  at  its  last  cultivation 
to  produce  vegetation  for  plowing  under.  The  two  tiers  of  plots, 
with  cotton  and  corn,  are  shown  in  Figure  1. 

The  experiment  was  planned  and  conducted  to  study  the  effect  of 
different  fertilizer  ratios  on  the  Norfolk  fine  sandy  loam  soil  on 
cotton  and  corn.  The  plots  received  21  different  treatments  of  single 
fertilizer  elements  and  combinations  of  the  three  elements.  The  com- 
j)osition  of  the  21  mixtures  used  is  shown  as  bags  of  fertilizers  in 
Figure  2.  The  bag  at  each  extreme  point  represents  a  fertilizer  con- 
taining 15  per  cent  ammonia  (NHn),  15  per  cent  phosphoric  acid 
(P.Or,),  and  15  per  cent  potash  (KgO).^ 

In  Figure  2  the  bags  on  the  line  forming  the  base  of  the  triangle 
rei)resent  mixtures  containing  no  phosphoric  acid,  those  on  the  line 
just  above  contain  3  per  cent  phosphoric  acid,  and  those  on  the  next 
line  G  per  cent  phospnoric  acid.  This  progression  vontinues,  so  that 
tlie  extreme  bag  of  tne  triangle  c(mtains  15  |)er  cent  i)h()sphoric  acid. 
In  the  same  manner  the  bags  on  the  two  sides  contain  no  potash  and 
no  annnonia,  and  those  on  the  lines  parallel  to  them  contain  from 

3  to  15  per  cent  of  these  elements. 

A  gradual  decrease  in  the  percentage  of  phosphoric  acid  and  a 
gradual  increase  in  percentages  of  ammonia  and  potash  in  the  fer- 

•■'  FortlUzor  constltupnts  nro  jilvrn  In  this  bulletin  In  the  order — ammonia.  phn»nhorlc 
acid,  and  imtnsh.  The  fertiliser  analyses  or  ratio  are  on  the  ammonia  basis,  «i  this  was 
common  practice  when  the  experiments  were  in  operation. 


EESULTS  OF   FERTILIZER  EXPERIMENTS 


FlGUiiE  1. — Cotton  and  corn  grown   in   rotation   on   the  i)lots  on  Norfolk  fine  sandy 
loam   at  the  Pee  Dee  Experiment   Station,   South  Carolina 


PHOSPHORIC  ACID 

AMMONIA 

POTASH 


Figure  2. — Bass  of  fertilizers,  arranged  in  a  triangle,  showing  percentages  of  each 
fertilizer  Ingredient  in  the  21  fertilizers  used  in  experiments 
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tilizer  occur  from  the  bag  at  the  top  of  the  triangle  (marked  1) 
downward  toward  the  base.  Similarly  a  gradual  decrease  in  am- 
monia and  increase  in  phosphoric  acid  and  potash  take  place  from 
the  bag  marked  21  toward  the  opposite  side  of  the  triangle.  The 
fertilizers  in  the  bags  inside  the  triangle  are  complete  fertilizers. 
whereas  those  in  the  bags  on  the  outside  lines  are  combinations  oi 
two  fertilizer  elements.  The  bags  on  the  extreme  points  contain 
maximum  amounts  of  single  elements  used  in  the  experiment. 

The  fertilizer  constituents  in  each  fertilizer  total  15  per  cent, 
whether  one,  two,  or  three  of  the  constituents  is  present.  Each  plot 
received  the  same  number  of  pounds  of  plant-food  constituents  but 
in  differe^it  ratios.  The  fertilizer  was  applied  each  year  at  the  rate 
of  900  pounds  per  acre  to  cotton  and  450  pounds  per  acre  to  corn. 
In  other  words,  each  plot  received  135  pounds  of  plant  food  per 
acre  for  cotton  and  67.5  pounds  per  acre  for  corn,  or  a  total  of  202.5 
pounds  in  the  course  of  tlie  two  years. 

The  phosphoric  acid  used  in  the  fertilizer  mixtures  was  from 
superphosphate,  the  nitrogen  from  one-third  each  of  nitrate  of  soda, 
sulphate  of  ammonia,  and  cottonseed  meal,  and  the  potash  from 
sulphate  of  potash.  All  the  fertilizer  was  applied  in  the  seed  fur- 
rows about  one  week  before  planting  time.  The  experiment  was 
continued  for  10  years,  1919  to  1928,  inclusive. 

COTTON  ON  NORFOLK  FINE  SANDY  LOAM 

Table  1  gives  results  obtained  in  experiments  with  cotton  on  Nor- 
folk fine  sandy  loam  from  1919  to  1928.  These  data  are  possibly 
easier  to  study  by  means  of  the  triangle  diagram,  and  in  order  that 
the  results  may  be  readily  visualized  the  yield  for  each  year,  the 
average  yield  for  the  10  years,  and  the  average  per  cent  of  cotton 
open  at  the  first  picking  are  given  in  Figures  3  and  4. 

The  average  composition  or  ratio  of  ammonia,  phosphoric  acid, 
and  potash  in  the  three  fertiliy.er  mixtures  which  produced  the 
largest  yield  in  each  diagram,  or  in  each  year,  is  given  in  the  follow- 
ing tabulation : 

Year :  NHa-PoOs-KsO 

1919 . 12-  2-1 

1920 4-  9-2 

1921 4-10-1 

1922 5-  &-2 

1923 :..-: 4-  7-4 

1924 -___ 4-  7-4 

1925 - ^ - -:_  4-  7-4 

1926 r>-  7-a 

1927 5-  &-2 

1928 - ^ . {^  l-<> 

In  the  first  four  years  of  the  experiment  there  is  more  or  less  vari- 
ation from  year  to  year  in  the  composition  of  the  three  mixtures 
which  produced  the  highest  yields,  and  the  average  fertilizer  analysis 
falls  at  different  points  on  the  triangle  diagram.  These  points  or 
ratios  are  far  apart  at  first,  become  closer  after  the  first  year,  renuiin 
reasonably  close  for  the  second,  third,  and  fourth  years,  are  identical 
for  the  next  three  years,  vary  slightly  in  the  eighth  and  ninth  years, 
and  break  in  the  tenth  year,  owing  undoubtedly  to  weather  conditions. 


RESULTS   OF   FERTILIZER   EXPERIMENTS 


Table  1. 


-Yield  of  seed  cotton  per  aofe  in  fertiliser-ratio  experiments  on  Norfolk 
flue  sandy  loam,  1919-1028 


Ferti- 
lizer 
No. 


Fertilizer  ratio 
(NH3-P2O5-K2O) 


0-1&-0.. 

0-12-3... 

3-12-0 

(1) 

0-»-6 

3-9-3 

6-9-0 

(1) 

0-6-9 

3-6-6 

6-6-3 

0) 

9-6-0 

0-3-12 

3-3-9 

(1) 

6-3-6 

9-3-3 

12-3-0 

(1) 

0-0-15 

3-0-12 

6-0-9 

(1) 

9-0-6 

12-0-3 

15-0-0 

0) 

Average  of  7 
checks 


1919 


Yield 
of  first 
picking 
Sept.  15 


Pounds 
780 
680 
840 
500 
660 
760 
500 
520 
520 
520 
500 
500 
420 
500 
460 
500 
440 
400 
240 
600 
480 
260 
260 
600 
160 
180 
200 
400 


Total 
yield 


Pounds 
1,780 
1,628 
1,984 
1,396 
1,562 
2,010 
2,158 
1,358 
1,372 
1,676 
2,150 
1,520 
2,130 
1,446 
1,596 
1,358 
1,936 
2,270 
2,240 
2,016 
1,640 
1,658 
1,920 
1,898 
2,078 
2,108 
2,280 
1,900 


1,635 


Cotton 
open  at 

first 
picking 


Per  cent 
44 
42 
42 
36 
42 
38 
23 


32 


1920 


Yield 
of  first 
picking 
Sept.  28 


Pounds 
1,140 
1,100 
1,300 


,080 
720 
760 
900 
740 
740 
600 
600 
560 
760 
880 
640 
500 


640 
720 
580 
720 
260 
140 


737 


Total 
yield 


Pounds 
1,892 
1,892 
2,160 
1,480 
1,710 
2,030 
1,670 
1,420 
1,600 
1,608 
2,004 
1,460 
1,620 
1,090 
1,460 
1,368 
1,480 
1,450 
1,560 
1,304 
1,040 
1,340 
1,180 
1,272 
1,040 
850 
938 
1,256 


1,366 


Cotton 
open  at 

first 
picking 


Per  cent 
60 


1921 


Yield 
of  first 
picking 
Sept.  26 


Pounds 
340 
620 
420 
360 


240 

220 

320 

220 

140 

200 

180 

112 

60 

80 

180 

140 

140 

60 

140 

200 

80 

60 

140 

40 

10 

10 


141 


Total 
yield 


Pounds 

1, 540 

1,620 

1,720 

1,380 

1,160 

1,920 

1,740 

1,460 

1,340 

1,120 

1,300 

1,160 

1,680 

1,040 

1,060 

1,000 

1,220 

1,240 

1,120 

840 

820 

1,020 

840 

900 

1,060 

840 

800 

840 


1,083 


Cotton 
open  at 

first 
picking 


Per  cent 
22 
38 
24 
26 
17 
19 
14 
15 
24 
20 
11 
17 
11 
10 
6 
8 
15 
11 
13 
7 
17 
20 
10 
7 
13 
5 
1 
1 


Ferti- 
Jlizer 
No. 


Fertilizer  ratio 
(NH3-P2O6-K2O) 


1922 


Yield 
of  first 
picking 
Sept.  13 


Total 
yield 


Cotton 
open  at 

first 
picking 


1923 


Yield 
of  first 
picking 
Sept.  13 


Total 
yield 


Cotton 
open  at 

first 
picking 


1924 


Yield 
of  first 
picking 
Sept.  6 


Total 
yield 


Cotton 
open  at 

first 
picking 


1  0-15-0- 

2  0-12-3. 
3-12-0- 

0)-— 

0-9-6.- 
3-9-3.- 
6-9-0- 
0)— - 
0-6-9.- 
3-6-6.. 
6-6-3.- 
(1)-— 
9-6-0.. 
0-3-12- 
3-3-9.. 

(0— - 

6-3-6.- 
9-3-3.. 
12-3-0- 
(0— - 
0-0-15- 
3-0-12- 
6-0-9.. 
(1)— - 
9-0-6. . 
12-0-3. 
15-0-0- 

0) 


Pounds 
320 
320 
420 
180 
340 
480 
440 
180 
280 
320 
460 
160 
360 
320 
320 
180 
320 
300 
340 
240 
240 
240 
200 


Pounds 
560 
520 
820 
440 


1,100 
480 
580 
760 

1,060 
400 
840 
620 
580 
360 
700 


700 
400 
320 


200 
318 
280 


Per  cent 
57 
62 
51 
41 
50 
51 
40 
38 
48 
42 
43 
40 
43 
52 
55 
50 


Pounds 
740 
840 
880 
450 
1,040 
1,120 
980 
520 
800. 
990 
930 
530 
420 
420 
480 
424 


440 
580 
550 
500 
360 
500 
370 
300 
260 
460 


Pounds 

990 

1,240 

1,120 

710 

1,310 

1,430 

1, 180 

780 

1,140 

1,350 

1,370 

910 

780 


744 
1,164 
1,130 

800 


780 
830 
830 
700 
819 
850 


Per  cent 
75 
68 
79 
65 
77 
78 
83 
69 
70 
73 


57 


Pounds 
330 
260 
360 
160 
340 
530 
420 
250 
340 
460 
410 
200 
320 
260 
260 
180 
440 
240 
380 
220 
180 
360 
230 
240 
350 
350 
320 
200 


Pounds 
530 
440 
480 
240 
570 
800 
710 
370 
710 
860 
790 
370 
700 
660 
640 
390 
640 
550 
630 
470 
430 
760 
770 
410 
720 
790 
690 
460 


Per  cent 
62 


Average  of  7 
checks 


188 


371 


495 


829 


207 


387 


1  Check. 
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Table  1. — Yield  of  seed  cotton  per  acre  in  fertilizer-ratio  experiments  on  Norfolk 
fine  sandy  loam,  J01i)-1928 — Continued 


Ferti- 
lizer 
No, 


1925 


1926 


Fertilizer  ratio 
(NH3-F2O5-K2O) 


Yield 
of  first 
picking 
Aug.  27 


Total 
yield 


Cotton 
open  at 

first 
piclcing 


Yield 
of  first 
picking 
Sept.  3 


Total 
yield 


Cotton 
open  at 

first 
picking 


1927 


Yield 
of  first 
picking 
Sept.  12 


Total 
yield 


Cotton 
open  at 

first 
picking 


O-ITH) 

0-12-3 

»-12-0 

(0 

0-9-6. - 

3-9-3.  — 

6-ft-O 

0) 

0-6-9. 

3-6-6. 

6-6-3 - 

0) 

fr-6-0 

0-3-12 

3-3-9 

0) - 

6-3-6. 

9-3-3. 

12-3-0 

0)— - 

0-0-15 

3-0-12 

6-0-9... 

(1) 

9-0-6. 

ia-0-3 

15-O-0 

(') — -  — 

Average  of  7 
checks 


Pounds 

784 

1,020 

1,010 

640 

970 

1,130 

1,040 

540 

750 


570 
550 
694 
660 
700 
680 
370 
380 
650 
624 
330 
190 
770 
264 
130 
84 
754 


Pounds 

],148 
l,r).')4 
1,470 

940 
1,550 
1,()44 
1,450 
1,000 
1,424 
1,720 
1,650 
1,070 
1,460 
1,304 
1,444 
1,254 
1,570 
1,444 
1,364 
1,304 
1,554 
1,440 
1,194 
1,460 
1,158 
1,040 

724 
1,504 


sent 

Pounds 

68 

790 

66 

1,100 

69 

1,000 

(58 

620 

63 

800 

69 

960 

72 

1,100 

54 

680 

53 

840 

57 

960 

52 

710 

53 

660 

38 

380 

5;^ 

610 

46 

770 

56 

600 

41 

520 

26 

450 

28 

380 

.W 

630 

40 

400 

23 

420 

16 

480 

.•w 

700 

Zi 

340 

12 

370 

12 

360 

50 

700 

661 


1,219 


Pounds 

1,064 
1,480 
1,290 
880 
1,360 
1,670 
1,730 
1,070 
1,444 
1,730 
1,720 
1,120 
1,500 
1,280 
1,320 
1,030 
1,520 
1,460 
1,280 
1,010 
1,070 
1,180 
1,310 
1,200 
1,  330 
1,410 
1,180 
1,290 


Per  cent 
74.3 
74.3 
77.5 
70.5 
58.8 
57.5 
63.6 
63.5 
58.2 
55.5 
41.3 
58.9 
25.3 
47.6 
58.3 
58.2 
34.2 
30.8 
29.7 
62.4 
37.4 
35.6 
36.  6 
58.3 
25.  6 
26.2 
30.5 
54.3 


Pounds 
20* 
402 
514 
222 
378 
794 
798 
264 
260 
422 
504 
2.56 
418 
242 
346 
238 
352 
378 
110 
282 
266 
222 
80 
488 
88 
24 
28 
442 


60.4 


313 


Pound* 
320 
646 
704 
368 
504 
1,244 
1,242 
348 
470 
900 
1,228 
370 
950 
460 
802 
394 
1,128 
1,196 
59(5 
518 
668 
822 
740 
578 
784 
518 
384 
552 


447 


Per  cent 
6:j.7 

73.6 
73.0 
60.3 
75.0 
63.8 
64.2 
75.8 
55.3 
46.9 
41.0 
69.2 
44.0 
52.6 
43.1 
60.4 
31.2 
31.6 
18.  5 
54.4 
39.  S 
27.0 
10  8 
84.4 
11.2 
4.6 
7.3 
80.1 


70  0 


Fertilizer  ratio  (NHs-P20i-K20) 

1928 

Average  1919-1928 

Ferti- 
lizer 
No. 

Yield 
of  first 

Total 
yield 

Cotton 
open  at 

first 
picking 

Yield 
of  first 
picking 
Sept.  8 

Total 
yield 

Cotton 
open  at 

first 
picking 

1 

0-15-0 

Pounds 
524 
484 
372 
172 
440 
528 
484 
332 
360 
552 
564 
312 
540 
356 
476 
280 
672 
676 
480 
352 
288 
390 
560 
384 
672 
540 
530 
368 

Pounds 
604 
568 
■412 
212 
588 
688 
588 
440 
560 
760 
712 
372 
732 
504 
732 
428 
812 
916 
548 
468 
396 
536 
832 
464 
824 
736 
608 
452 

Per  cent 
86.7 
85.2 
90.3 
81.1 
74.8 
76.7 
82.3 
75.4 
64.  3 
72.6 
79.2 
83.9 
73.8 
70  6 
05.0 
65.4 
70  4 
73.8 
87.6 
75.2 
72.7 
72.7 
67.3 
82.7 
81.5 
73.4 
85.5 
81.4 

Pounds 
595.2 
682.6 
711.6 
424.4 
630  8 
774.2 
672.2 
426.6 
537.0 
616.4 
580.8 
399.0 
418.8 
407.4 
459.  2 
406.2 
476.8 
411.4 
347.0 
427.4 
380.8 
364.2 
302.0 
462.2 
286.2 
225.4 
210  2 
415.4 

Pounds 

1, 042. 8 

1, 148. 8 

1,  216. 0 

804.6 

1,099.4 

1, 437. 6 

1, 356. 8 

872.6 

1,064.0 

1,248.4 

1,398.4 

875.2 

1.  239.  2 

926.4 

1,059.4 

832.6 

1,217.0 

1,  233.  5 

1,084.0 

931.0 

886.8 

1. 001.  6 

986.6 

921.2 

1,014.2 

927.  2 

872.3 

942.4 

Per  cent 
57.1 

2 

0-12-3 

59.4 

3 

3-12-0 

58.6 

X 

0)... 

52.7 

4 

o-Vo             

57.4 

6 

3-9-3.. 

54.1 

6 

6-9-0  

49.5 

X 

(1)                                          ..•-.-.. 

48.9 

7 

0-6-9 - 

50.5 

8 

3-6-6                      

49.3 

9 

6-6-3 

41.5 

X 

(1)            

45.6 

10 

9-(H)                                         

33.8 

11 

0-3-12 - 

44.0 

12 

3-3-9                               : 

43.5 

X 

(I)   

48.8 

13 

6-3-6       . 

39.2 

14 

9-3-3                                         

33.3 

15 

12-3-0 

32.0 

X 

(1)                                      

45.9 

16 

0-0-15                                                      

42.9 

17 

3-0-12   

36.4 

18 

6-0-9"                                                  

30.6 

X 

(!)._ 

50.2 

19 

9-0-6      .                

28.2 

20 

12-0-3 

24.3 

21 

15-0-0 

24.0 

X 

(1) 

44.1 

Average  of  7  cliecks                         

314 

406 

77.6 

422.9 

882.8 

47.4 

1  Check. 


BESTJLTS  OF   FERTILIZER  EXPERIMENTS 
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Figure  3. — Yields  of  cotton  in  pounds  per  acre  on  Norfolk  fine  sandy  loam  on  the 
Pee  Dee  Experiment  Station  for  the  21  fertilizers  used  in  the  experiment.  The 
three  fertilizers  which  produced  the  largest  yields  each  year  are  connected  by  a 
heavy  black  line,  and  the  average  ammonia,  phosphoric  acid,  and  potash  com- 
position of  the  three  mixtures  is  recorded  in  the  triangle  :  A,  Yields  secured  in 
1919  ;  B,  in  1920  ;  C,  in  1921 ;  D,  in  1922  ;  E,  in  1923  ;  P,  in  1924 
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E  F 

FiGURB  4.— A  to  E,  yields  of  cotton  in  pounds  per  acre  on  Norfolk  fine  snndv  loam 
on  the  Pee  Dee  Experiment  Station  from  the  21  fertilizers  used  in  the  experi- 
ment. The  three  fertilizers  which  produced  tl»e  largest  yields  each  year  !ir««  con- 
nected by  a  heavy  black  line,  and  the  average  ammonia,  phosi)horie  acid,  and 
potash  composition  of  the  three  mixtures  is  recorded  in  the  triangle:  A.  Yiehls 
?iQirrlnol.'^HN*'  ^'  ^n  ^-^^^I  C,  in  1927;  D.  in  1})28 ;  E,  average  of  10  vears 
pickin      l9li^l42H^^^**^^  percentage  of  the  total  yield  of  cotton  oi)en  at  the  first 
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The  wide  difference  in  the  composition  of  the  three  mixtures  which 
produced  the  highest  yields  the  first  year  as  compared  with  those  in 
the  following  years  is  probably  owing  to  the  fact  that  following  the 
first  year  the  plots  in  cotton  had  been  planted  to  corn  with  cowpeas 
for  green  manure.  The  growing  of  the  peas  and  turning  under  of 
the  vegetation  undoubtedly  made  a  difference  in  the  requirement  for 
nitrogen.  Preceding  the  first  year  of  the  experiments,  no  vegetation 
had  been  turned  under,  and  leguminous  crops  had  not  been  grown. 
In  arriving  at  the  fertilizer  ratio  which  produced  the  highest  yields 
according  to  the  data,  possibly  the  first  year's  results  should  be 
omitted.  The  three  mixtures  which  produced  the  highest  yields, 
when  the  average  of  10  years  is  considered  as  shown  in  Figure  4,  E, 
are  Nos.  5,  6,  and  9.  These  three  have  an  average  ratio  of  ammonia, 
phosphoric  acid,  and  potash,  of  5-8-2,  respectively. 

Another  compilation  of  the  data  is  presented  in  Table  2.  Here 
the  yields  from  mixtures  on  the  various  lines  of  the  triangle  or  all 
the  mixtures  containing  a  constant  amount  of  each  fertilizer  con- 
stituent are  averaged.  The  mixtures  containing  3  and  6^  per  cent 
ammonia  have  produced  highest  average  yields,  the  6  per  cent  mix- 
tures being  higher  than  the  3  per  cent.  The  6  and  9  per  cent  phos- 
phoric-acid mixtures  have  given  highest  average  yields  of  the 
phosphoric-acid  group,  the  9  per  cent  giving  slightly  higher  yields 
than  the  6  per  cent. 


Table  2. — Effect  of  different  proportions   of  ammonia,   phosphoric  acid, 
potash  in  fertilizers  on  yield  of  cotton  on  Norfolk  fine  sandy  loam 


omL 


Fertilizer  mix- 

Per- 
centage 
of  am- 

Ten- 
year 

Fertilizer  mix- 

Per- 
centage 
of  phos- 
phoric 
acid  in 
in  each 
mix- 
ture 

Ten- 
year 

Fertilizer  mix- 

Per- 
centage 
of  pot- 
ash in 

Ten- 
year 

tures  in  Figure 
4,  E,  and  Table  1 

monia 
in  each 
mix- 
ture 

yield  of 
cotton 
per  acre 

tures  in  Figure 
i,  E,  and  Table  1 

yield  of 
cotton 
per  acre 

tures  in  Figure 
4,  E,  and  Table  1 

each 
ferti- 
lizer 
mix- 
ture 

average 
yield  of 
cotton 
per  acre 

No. 

Per  cent 

Pounds 

No. 

Per  cent 

Pounds 

No. 

Per  cent 

Pounds 

1, 2, 4, 7, 11, 16 

0 

1,028 

16, 17, 18, 19, 20, 21 

0 

948 

1, 3, 6, 10, 15, 21 

0 

1,135 

3,6,8,12,17 

3 

1,193 

11, 12, 13, 14, 15 

3 

1,104 

2,5,9,14,20 

3 

1,229 

6,9,13,18 

6 

1,240 

7,8,9,10 

6 

1,237 

4,8,13,19 

6 

1,145 

10, 14, 19 

9 

1,162 

4,5,6 

9 

1,298 

7, 12, 18 

9 

1,037 

15,20 

12 

1,005 

2,3 

12 

1,182 

11,17 

12 

964 

21 

15 

872 

1 

15 

1,043 

16 

15 

887 

In  the  mixtures  of  the  varying  potash  groups,  the  highest  average 
yield  is  from  the  3  per  cent  potash  fertilizers.  From  the  analysis 
of  the  data,  it  would  appear  that  the  best  fertilizer  is  a  mixture 
containing  from  3  to  6  per  cent  ammonia,  6  to  9  per  cent  phosphoric 
acid,  and  3  per  cent  potash.  A  6-9-3  analysis  may  be  chosen  as 
that  giving  the  highest  yield.  The  ratio  of  fertilizer  constituents  is 
practically  the  same  as  derived  by  this  and  the  former  deduction. 

The  5-8-2  ratio,  when  computed  to  percentage  of  100,  is  33.3-53.3- 
13.4  and  the  6-9-3  becomes  33.3-50-16.7.  From  the  data  of  the  ex- 
periment as  a  whole,  the  proper  fertilizer  would  appear  to  be  a 
mixture  containing  5  to  6  per  cent  ammonia,  8  to  9  per  cent  phos- 
phoric acid,  and  2  to  3  per  cent  potash. 

21448°— 31 2 
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INCREASED  YIELD  FROM  FERTILIZERS 

The  results,  considered  from  the  point  of  view  of  increased  yields 
of  the  fertilized  plots  over  those  having  no  fertilizer  are  as  given 
in  Table  3.  The  average  of  the  three  fertilizers  which  produced 
the  highest  yield  in  each  year  is  given  and  compared  with  an  average 
of  the  seven  checks  or  no-fertilizer  plots. 

Table  3. — Average  yield  of  cotton  from  the  three  fertilizers  which  produced  the 
highest  yields,  compared  to  average  yield  from  no-fertilizer  plots  on  Norfolk 
fine  sandy  loam,  1919-1928 


Three  high 

est-yielding 

fertilizers 

in  Table  1 

Average  yield  of  seed 
cotton  per  acre  from— 

Year 

Three  high- 
est yielding 
fertilizers 

No  ferti- 
lizers 

Increase 

1919                          

No. 
14,16,21 
3,   6    9 
3,   6,   6 

5,  6    9 

6,  8,   9 
6,   8,   9 

5,  8,   9 

6,  8,   9 
5,   6,   9 

14, 18, 19 

Pounds 
2,263 
2,065 
1,793 
1,033 
1,383 

817 
1,671 
1,727 
1,238 

857 

Pounds 

1,635 

1,366 

1,083 

371 

829 

387 

1,219 

1,086 

.    447 

406 

Pounds 
628 
699 
710 
662 
654 
430 
452 
641 
791 
452 

Per  cent 
38.4 

1920 - - 

61.2 

1921           

65.6 

1922 

178.4 

1923 

66.8 

1924                           

111.1 

1925.  — --.  —  —  — 

1926 - 

1927                                        

37.1 
59.0 
177.0 

1928 -.- 

111.6 

Average 

5,   6,   9 

1,397 

883 

514 

58.2 

INFLUENCE  OF  FERTILIZERS  ON  TIME  OF  OPENING  OF  COTTON 

In  Figure  4,  F,  the  average  percentages  for  10  years  of  total  yield 
of  cotton  open  at  the  first  picking  are  given.  The  data  for  each 
year  and  dates  of  first  picking  are  given  in  Table  1.  The  mixtures 
containing  the  higher  percentages  of  phosphoric  acid,  9,  12,  and 
15,  favor  early  maturing  and  opening,  whereas  mixtures  containing 
the  higher  percentages  of  nitrogen  have  tended  to  delay  maturing 
and  opening.  The  higher  percentages  of  potash  have  slightly  de- 
layed maturing  and  opening  but  not  sufficiently  to  be  an  appreciable 
factor  in  this  consideration. 

When  the  data  are  analyzed  from  the  point  of  view  of  the  increas- 
ing percentages  of  nitrogen,  phosphoric  acid,  or  potash,  it  is  seen  that 
the  mixtures  containing  no  phosphate  (the  group  shown  in  the  bot- 
tom row,  line  16  to  21,  fig.  4,  F)  have  matured  less  cotton  early 
and  that  early  maturing  increases  with  each  group  or  line  of  mixtures 
as  the  phosphate  increases.  Considering  the  data  with  regard  to 
the  effect  of  nitrogen,  the  no-nitrogen  mixtures  (group  along  line 
between  1  and  16)  have  produced  only  slightly  higher  percentages 
of  cotton  earlier  than  fertilizers  containing  3  per  cent  ammonia 
(group  along  line  between  3  and  IT).  The  slight  differences  are  in 
the  range  of  experimental  error.  There  is  an  appreciable  difference 
in  these  experiments  between  the  percentage  of  the  total  yield  of 
cotton  which  matured  early  from  3  per  cent  ammonia  mixtures 
(group  along  line  between  3  and  17)  and  6  per  cent  ammonia  mix- 
tures (group  along  line  between  6  and  18) ;  however,  the  total  yield 
from  the  6  per  cent  ammonia  fertilizers  is  greater.    The  application 
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of  fertilizers  containing  more  than  6  per  cent  of  ammonia  has  resulted 
in  an  appreciably  lower  percentage  of  cotton  opening  early.  There 
is  little  or  no  correlation  between  the  percentage  of  potash  in  the 
fertilizer  and  the  time  of  opening  of  the  cotton.  The  data  are  in 
harmony  with  results  secured  in  other  experiments  on  these  and 
related  soil  types  (^,  6^9), 

CORN  ON  NORFOLK  FINE  SANDY  LOAM 

The  results  of  the  fertilizer-ratio  experiment  with  corn  grown  in 
rotation  with  cotton  for  nine  years  are  given  in  Table  4.  There  was 
a  marked  increase  in  corn  yields  from  some  of  the  fertilizer  mixtures 
containing  high  proportions  of  nitrogen  in  each  year  of  the  experi- 
ment. These  results  are  best  visualized  in  the  triangle  diagram. 
(Fig.  5.)  These  are  the  average  yields  of  corn  for  the  nine  years 
of  the  experiment.  The  average  of  the  seven  no-fertilizer  plots  is 
29.5  bushels  per  acre.  The  high-nitrogen  mixtures,  Nos.  10,  14,  15, 
19,  20,  and  21,  have  given  highest  yields.  The  mixtures  containing 
no  nitrogen,  that  is,  those  in  the  group  along  line  1  to  16,  gave  about 
the  same  yield  as  no  fertilizers.  There  is  an  increase  with  the  in- 
crease of  nitrogen  up  to  9  per  cent  in  the  fertilizer ;  for  instance,  the 
mixtures  in  the  group  along  line  3  to  17,  containing  3  per  cent  am- 
monia, gave  greater  yields  than  those  in  the  group  along  line  1 
to  16,  containing  no  nitrogen,  and  those  in  the  group  along  line  6 
to  18,  containing  6  per  cent  ammonia,  gave  greater  returns  than  the 
3  per  cent  ammonia  mixtures.  Nitrogen  is  thus  shown  to  be  the 
important  fertilizer  element  for  corn  on  this  soil. 

Table  4. — Yield  of  corn  per  acre  in  fertilizer-ratio  experiments  on  Norfolk  fine 

sandy  loam,  1919-1927 


Ferti- 
lizer 
No. 

Fertilizer  ratio 
(NH3-P2O5-K2O) 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Aver- 
age 

1 

0-15-0 

Bush. 
26.9 
23.6 
26.4 
16.7 
26.6 
29.1 
29.1 
16.7 
19.4 
24.9 
23.6 
19.4 
31.8 
30.5 
31.8 
24.9 
33.2 
46.8 
41.6 
13.8 
15.2 
23.3 
27.7 
10.7 
31.1 
38.8 
40.2 
17.7 

Bush. 
25.0 
23.6 
23.6 
22.2 
23.6 
25.0 
44.4 
19.4 
25.0 
23.6 
38.8 
23.6 
34.7 
27.7 
29.1 
26.8 
43.0 
41.6 
56.9 
19.4 
23.6 
26.4 
36.1 
27.7 
48.6 
58.3 
63.9 
33.3 

Bush. 
40.0 
38.2 
50.7 
42.1 
36.5 
42.3 
51.0 
45.3 
42.4 
38.1 
48.3 
40.1 
56.3 
35.3 
42.7 
35.1 
48.0 
49.2 
62.3 
40.0 
32.7 
42.1 
45.3 
39.1 
68.0 
53.2 
56.0 
45.1 

Bush. 
24.0 
25.2 
27.6 
20.0 
25.3 
29.1 
32.7 
23.2 
21.0 
26.4 
38.2 
26.7 
43.0 
28.0 
32.3 
26.1 
36.4 
46.2 
47.0 
39.0 
30.0 
33.3 
38.3 
28.1 
38.6 
36.2 
30.1 
27.2 

Bush. 
33.1 
34.5 
32.8 
29.7 
29.1 
34.2 
35.1 
31.7 
34.5 
37.1 
35.1 
39.1 
39.4 
38.2 
32.5 
29.4 
27.1 
34.8 
40.0 
34.5 
31.1 
29.7 
34.2 
31.4 
39.1 
42.8 
41.4 
32.5 

Bush. 
33.3 
34.2 
36.6 
28.8 
31.3 
29.6 
36.8 
27.1 
28.3 
34.3 
38.8 
30.2 
45.4 
36.2 
36.0 
31.9 
38.0 
40.5 
37.4 
29.1 
31.3 
30.3 
29.1 
28.3 
29.9 
27.4 
28.3 
25.8 

Bush. 
33.3 
25.3 
30.8 
26.4 
27.8 
30.3 
37.5 
26.4 
29.4 
30.6 
36.1 
31.9 
40.3 
24.4 
26.4 
22.2 
23.6 
30.6 
36.9 
15.2 
11.7 
14.7 
22.2 
23.6 
31.9 
36.1 
38.9 
26.4 

Biish. 
34.6 
33.2 
33.2 
27.7 
26.3 
33.1 
46.9 
31.3 
22.2 
32.2 
42.7 
30.6 
47.0 
28.0 
31.0 
31.1 
42.1 
51.2 
49.8 
40.1 
27.7 
37.1 
42.6 
38.2 
51.2 
53.6 
53.0 
42.9 

Bush. 
38.8 
29.1 
37.5 
29.1 
27.7 
40.2 
45.8 
34.7 
36.1 
43.0 
50.0 
41.6 
55.5 
36.1 
40.2 
34.7 
43.0 
52.7 
54.1 
29.1 
25.0 
34.7 
41.6 
34.7 
56.5 
61.1 
56.9 
38.8 

Bush. 
32.1 

2 

0-12-3.    .             

29.7 

3 

3-12-0 

33.2 

X 

(1) 

27.0 

4 

0-9-6                                 

28.2 

5 

3-9-3 

32.5 

6 

6-9-0 

39.9 

X 

(1)                                          

28.4 

7 

0-6-9 

28.7 

8 

3-6-6-__              

32.2 

9 

6-6-3 

39.1 

x 

(0 

31.5 

10 
11 

9-6-0 

0-3-12 

43.7 
31.6 

12 

3-3-9 

33.6 

x 

(1)                                 

29.1 

13 

6-3-6                                    

37.2 

14 

9-3-3 

43.7 

.      15 

12-3-0                    

47.3 

x 

(1)                                      .-   .   .. 

28.9 

16 

0-0-15 

25.4 

17 

3-0-12-    

30.2 

18 

6-0-9                           

35.2 

X 

(1) 

30.0 

19 

9-0-6 

42.7 

20 

12-0-3                  

45.3 

21 

15-0-0 

45.4 

X 

(1). 

32.2 

Average  of  checks 

18.0 

24.6 

41.0 

27.2 

32.6 

28.7 

24.6 

34.6 

34.7 

29.5 

1  Check. 
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COTTON  ON  NORFOLK  SANDY  LOAM 

A  3-year  experiment  was  made  on  Norfolk  sandy  loam,  a  soil 
closely  related  in  physical  characteristics  to  Norfolk  fine  sandy  loam, 
on  which  the  results  discussed  in  the  preceding  pages  were  obtained. 
These  experiments  were  made  on  farms  in  Darlington  County,  S.  C, 
on  new  plots  each  year  in  fields  in  which  corn  w^as  grown  the  pre- 
ceding year.  The  results  are  valuable  in  connection  with  those  se- 
cured at  the  Pee  Dee  Experiment  Station.  A  soil  map  and  plot  of 
the  1922  experiment  are  shown  in  Figure  6.  Norfolk  sandy  loam 
differs  from  Norfolk  fine  sandy  loam  in  that  it  is  of  a  lighter  texture, 
is  more  sandy,  and  leaches  more  readily.  The  plan  of  the  experi- 
ments and  rate  of  fertilizer  application  are  the  same  as  in  the  former 
experiments. 

Detailed  data  are  given  in  Table  5  and  in  Figure  7,  A,  B,  C,  and  D. 

The  plots,  on  the  Dargan  farm,  with  varying  amounts  of  nitrogen, 
are  shown  in  Figures  8  and  9.    In  1922,  in  the  experiment  on  the  Dar- 

'^^'^^  ^ 

^S.7     S3.2 

23.3      32.^     S9.9 
i  *  * 

28.7      S2.2      39./       '^AT 
•  •  •  '  • 

3/.a'       33.e      372       ^3.7      ^7Cf 

•  •  •  •  • 

//  /2         ys         /-f         /S" 

2S.^      30.2       3a:2      '^2.7      -^^3       ^S'^ 

^20*  •  •  •  •  •  ////» 

7S  /7  /3  /&  20         2/ 

Figure  5. — Average  acre  yield  in  bushels  of 
corn  on  Norfolk  fine  sandy  loam  at  the 
Pee  Dee  Experiment  Station  from  the  21 
fertilizers  used  in  the  experiment,  1919- 
1927.  The  composition  of  the  fertilizer 
mixtures  1  to  21  is  given  in  Table  4  and 
in  Figure  2 

gan  farm,  the  three  fertilizer  mixtures  which  produced  the  highest 
yields  were  Nos.  6, 10,  and  14,  of  the  following  respective  compositions, 
6-9-3,  9-6-0,  and  9-3-3,  and  an  average  composition  of  8-6-1,  recorded 
in  Figure  7,  A.  The  average  composition  of  the  three  fertilizers  which 
produced  the  highest  yield  in  the  first  year  of  the  Gillespie-farm 
experiment  is  7-7-1  (fig.  7,  B),  and  in  the  second  year,  7-6-2.  (Fig. 
7,  C.)  Averaging  the  three  years'  results,  the  three  mixtures  which 
produced  the  highest  yields  are  Nos.  6,  9,  and  10,  as  shown  in  Figure 
7,  D.  These  three  fertilizers  have  an  average  analysis  of  7  per  cent 
ammonia,  7  per  cent  phosphoric  acid,  and  1  per  cent  potash,  which 
seemed  to  represent  the  fertilizer  analyses  giving  best  results.  The 
average  composition  of  the  three  mixtures  which  produced  the  high- 
est yields  in  each  year  is  very  nearly  the  same,  and  the  deduction 
seems  significant.  Cotton  yields  from  Tj^-acre  plots  fertilized  with 
various  mixtures  of  nitrogen,  phosphate,  and  potash  are  shown  in 
Figure  10. 
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Figure  7. — A  to  D,  yields  of  cotton  in  pounds  per  acre  on  Norfolk  sandy  loam» 
Darlington,  S.  C,  from  tlie  21  fertilizers  used  in  tlie  experiment.  The  three 
fertilizers  which  produced  the  largest  crops  in  each  year  are  connected  hy  a 
heavy  black  line,  and  the  average  composition  in  ammonia,  phosphoric  acid, 
and  potash  of  each  of  the  three  mixtures  is  recorded  in  the  triangle :  A,  Yield 
in  15)22  on  Dargan  farm ;  B,  in  1923,  on  Gillespie  farm  ;  C.  in  l'.»24,  on  Gillespie 
farm ;  D,  average  yield  for  three  years,  1022-1924 ;  E,  average  percentage  of 
total  yield  of  cotton  open  at  first  picking  for  three  years,  1922-1024 
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Figure  8. — Cotton  on  Norfolk  sandy  loam  :  N 


ived  fertilizer  con- 


taining phosphate  and  potash  but  no  nitrogen  and  yielded  H2U  pounds  per  acre 
No.    12,   on   right   received   fertilizer   containing   phosphate,    potash,   and   nitrogen 
(3  per  cent  ammonia)  and  yielded  1,260  pounds  per  acre 


M::                          ^^mk^smm-::!m^  ^^ 

^''*-                                           ^^^^^H^^ 
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\;^^^^^B?%  ■■•#..:■ 

FiGT-i;i:  '.I.  ('..(ton  on  Norfolk  sandy  loam:  No.  12,  on  left,  received  fertilizer  con- 
taining phubphate,  potur^h,  and  nitrogen  (8  per  cent  ammonia)  and  yielded  1,260 
pounds  seed  cotton  per  acre  ;  check,  buffer  row  in  middle,  received  no  fertilizer  ; 
No.  13,  on  right,  received  fertilizer  containing  phosphate,  potash,  and  nitrogen 
(6  per  cent  ammonia)  and  yielded  1,580  pounds  seed  cotton  per  acre 
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Table  5. 


Yield  of  seed  cotton  per  acre  in  fertilizer-ratio  experiment  on  Norfolk 
sandy  loam,  Darlington  County,  8.  C,  1022-1924 


[Pounds  per  acre  seed  cotton] 


Fertilizer  ratio  (NH3-P2O5-K2O) 

Dargan  farm, 

1922 

Gillespie  farm, 

1923 

Ferti- 
lizerNo. 

Yield, 

first 

picking 

Sept.  7 

Total 
yield 

Cotton 
open 
Sept.  7 

Yield, 

first 

picking 

Sept.  18 

Total 
yield 

Cotton 

open 

Sept.  J 8 

1 

0-15-0 

Pounds 
800 
740 
880 
600 
760 

1,020 

1,060 
560 
680 
840 
960 
640 

1,100 
600 
760 
600 
980 

1,000 
920 
600 
420 
600 
640 
520 
740 
760 
700 
480 

Pounds 
1, 120 
1,100 
1,320 

900 
1,120 
1,420 
1,600 

940 
1,120 
1,360 
1,520 

960 
1,740 

920 
1,260 

820 
1,580 
1,620 
1,560 

840 

740 
1,020 
1,200 

760 
1,280 
1,360 
1,220 

640 

Per  cent 
71 
67 
66 
67 
68 
72 
66 
59 
61 
62 
63 
■67 
63 
65 
60 
73 
62 
62 
59 
72 
57 
59 
53 
69 
58 
56 
57 
74 

Pounds 
560 
620 
780 
640 
700 
1,030 
1,040 
600 
840 
780 
660 
600 
800 
620 
700 
480 
740 
520 
300 
480 
340 
440 
520 
600 
480 
380 
400 
640 

Pounds 

760 

860 

1,060 

820 

1,020 

1,300 

1,440 

880 

1,240 

1,200 

1,360 

880 

1,340 

1,000 

1,060 

720 

1,200 

1,100 

940 

720 

700 

860 

1,020 

740 

1,160 

980 

900 

860 

Per  cent 
74 

2 

0-12-3             

72 

3 

3-12-0                                          

74 

0)  

78 

4 

0-9-()                               

69 

5 

3-9-3 

79 

6 

6-9-0  _            

72 

(1) 

68 

7 

0-6-9 

68 

8 

3-6-6 

65 

9 

6-6-3 

50 

(1) 

68 

10 

9-6-0 

60 

11 

0-3-12- 

62 

12 

3-3-9 

66 

(1) 

67 

13 

6-3-6 

62 

14 

9-3-3 

47 

15 

12-3-0 

32 

16 

0) 

0-0-15 

67 
49 

17 

3-0-12 

51 

18 

6-0-9 .. 

51 

0) 

81 

19 

9-0-6 

41 

20 

12-0-3 

39 

21 

15-0-0 

44 

(1)-- 

74 

Average  unfertilized ..  .. 

571 

837 

69 

577 

803 

72 

Fertilizer  ratio  (Nn3-P205-K20) 

Gillespie  farm,  1924 

Average 

Ferti- 
lizerNo. 

Yield, 

first 

picking 

Sept.  19 

Total 
yield 

Cotton 

open 

Sept.  19 

Yield, 

first 

picking 

Total 
yield 

Cotton 
open  first 
picking 

1 

0-15-0 

Pounds 
140 
60 
460 
240 
240 
460 
580 
280 
320 
580 
600 
240 
700 
260 
340 
160 
640 
600 
600 
160 
200 
210 
320 
200 
460 
420 
320 
160 

Pounds 

300 

300 

660 

320 

540 

880 

1,160 

380 

760 

1,040 

1,140 

300 

1,020 

520 

760 

240 

1,020 

1,120 

1,060 

260 

400 

720 

880 

300 

1,080 

1,060 

900 

280 

Per  cent 
47 
20 
70 
75 
44 
52 
50 
74 
42 
56 
52 
80 
69 
50 
45 
67 
63 
54 
57 
62 
50 
29 
36 
67 
43 
40 
36 
57 

Pounds 
500 
473 
707 
493 
567 
837 
893 
480 
613 
733 
740 
493 
867 
493 
600 
413 
787 
707 
607 
413 
320 
417 
493 
440 
560 
520 
473 
427 

Pounds 

727 

753 

1,013 

680 

893 

1,200 

1,400 

733 

1,040 

1,200 

1,340 

713 

1,367 

813 

1,027 

593 

1,267 

1,280 

1,187 

607 

613 

867 

1,033 

600 

1,173 

1,133 

1,007 

593 

Per  cent 
69 

2 

0-12-3 

63 

3 

3-12-0 

70 

(1) 

73 

4 

0-9-6_.. 

63 

5 

3-9-3 

70 

6 

&-9-0 

64 

(1) 

65 

7 

0-f)-9 . .  _  .       . 

59 

8 

3-6-6-    _  - 

61 

9 

6-6-3 

55 

(1) 

69 

10 

9-6-0 

63 

11 

0-3-12 . 

61 

12 

3-3-9 

58 

0) 

70 

13 

6-3-6 

62 

14 

9-3-3     . 

55 

15 

12-3-0 _ 

51 

0) 

68 

16 

0-0-15 

52 

17 

3-0-12 

48 

18 

6-0-9.. 

48 

(1) 

73 

19 

9^6-.. 

49 

20 

12-0-3 

46 

21 

15-0-0 

47 

(1) 

72 

Average  unfertilized . .  - 

206 

297 

69 

451 

M5 

70 

1  Unfertilized. 
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The  computation  of  the  data  presented  in  Table  6,  where  an  aver- 
age is  made  of  the  fertilizers  according  to  their  nitrogen,  phosphoric 
acid,  and  potash  content,  confirms  in  a  general  way  the  fertilizer 
analyses  discussed  above.  The  6  per  cent  and  9  per  cent  ammonia 
mixtures  have  given  the  largest  average  yields  in  the  nitrogen  group, 
and  the  6  per  cent  and  9  per  cent  phosphoric  acid  the  largest  yields 
in  the  varying  phosphate  group.  The  3  per  cent  potash  mixture 
gave  the  largest  average  yield  in  the  potash  group;  it  is  followed 
closely  by  the  6  per  cent  potash  mixtures.  The  yield  from  these 
two  groups,  however,  does  not  greatly  exceed  the  average  yield 
from  the  no-potash  mixtures. 

Table  6. — Yields  of  cotton  from  fertilizers  containing  different  proportions  of 
ammoniu,  phosphoric  acid,  and  potash  on  Norfolk  sandy  loam 


Fertilizer  mix- 
tures in  Figure 
7,D,andTable5 


No. 
1,2,4,7,11,16-. 
3,5,8,12,17.... 

fi,9, 13, 18 

10,14,19 

16,20 

21 


Per 
centage 
of  am- 
monia 
in  fer- 
tilizer 
mixture 


Per  cent 
0 
3 
6 
9 
12 
16 


Ten- 
year 
average 
yield  of 
cotton 
per  acre 


Pounds 
806 
1,061 
1,260 
1,273 
1,160 
1,007 


Fertilizer  mix- 
tures in  Figure 
7,  D,  and  Table  6 


No. 

16,17,18,19,20,21 

11,12,13,14,15 

7,8,9,10 

4,5,6 

2,3 

1 


Per- 
centage 
of  phos- 
phoric 
acid  in 
ferti- 
lizer 
mixture 


Per  cent 
0 
3 
6 
9 
12 
15 


Ten- 
year 
average 
yield  of 
cotton 
per  acre 


Fertilizer  mix- 
tures in  Figure 
7,D,and  Tables 


Pounds 

971 

1,115 

1,237 

1,165 

883 

727 


No. 

1.3,6,10,15,21 

2,5,9,14,20 

4,8,13,19 

7, 12, 18 

11.17 


Per- 
cent- 
age of 
potash 
in  fer- 
tilizer 
mixture 


Per  cent 
0 
3 
6 
9 
12 
15 


Ten- 
year 
average 
3rield  of 

cotton 
per  acre 


Pounds 
1.117 
1,141 
1,133 
1,033 
840 
613 


The  soil  on  which  the  experiments  were  made  has  not  responded 
markedly  to  potash.  A  mixture  containing  approximately  6  per 
cent  ammonia,  6  to  8  per  cent  phosphoric  acid,  and  a  relatively  low 
proportion  of  potash  would  be  selected  on  the  basis  of  the  analysis  of 
the  data.  This  is  very  similar  to  the  7-7-1  ratio  deduced  from  the 
data  first  considered.  Considering  the  data  as  a  whole,  a  mixture 
containing  6  to  7  per  cent  ammonia,  6  to  8  per  cent  phosphoric  acid, 
and  1  to  3  per  cent  potash  might  be  chosen. 


INCREASED  YIELD  FROM  FERTILIZERS 


The  increased  yield  from  fertilizers  was  great  each  year.  In 
1922,  the  average  yield  from  the  checks,  or  no-fertilizer  plots,  was 
837  pounds  per  acre  and  that  from  the  three  mixtures  producing 
highest  yields  (Nos.  6,  10,  and  14)  was  1,653,  an  increase  of  816 
pounds  or  97.5  per  cent.  In  1923,  the  average  of  the  checks  was 
803  i)ounds  per  acre  and  of  the  three  mixtures  producing  highest 
yields  (Nos.  6,  9,  and  10),  1,380  pounds,  an  increase  of  577  pounds 
or  71.8  per  cent.  In  1924,  the  checks  averaged  297  pounds  and  the 
three  mixtures  producing  highest  yields  (Nos.  6,  9,  and  14)  1,140 
pounds,  an  increase  of  843  pounds  or  283.8  per  cent.  For  three 
years,  the  checks  gave  an  average  yield  of  451  pounds  and  the 
three  mixtures  ])r<)ducing  highest  yields  (Nos.  6,  9,  and  10)  an 
average  of  1,369  pounds,  an  increase  of  918  pounds  or  203.5  per 
cent. 
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INFLUENCE  OF  FERTILIZER  ON  THE  TIME  OF  OPENING  OF  THE  COTTON 

The  percentage  of  cotton  open  at  the  first  picking  in  the  experi- 
ment on  Norfolk  sandy  loam,  as  an  average  for  three  years,  is  given 
in  Figure  7,  E.  The  data  for  each  year  and  dates  of  picking  are 
given  in  Taljle  5.  Mixtures  containing  higher  percentages  of  phos- 
phoric acid  have  caused  early  maturing  and  opening  of  cotton. 
Fertilizer  mixtures  containing  no  phosphate  matured  cotton  late. 
There  is  no  close  correlation  between  the  amount  of  nitrogen  or 
l)otash  in  the  fertilizer  and  the  time  of  maturing  and  opening  of 
cotton. 

DISCUSSION 

For  a  number  of  years  experiments  have  been  made  in  the  South- 
ern States  to  ascertain  the  fertilizer  requirements  of  the  various 
soils  for  cotton.  The  work  was  planned  primarily  to  determine  the 
fertilizer  element  having  most  influence  on  production.  In  recent 
experiments  with  cotton  attention  has  been  given  to  a  study  of  the 
ratio  of  the  three  constituents,  nitrogen,  phosphate,  and  potash,  in 
fertilizers.  The  fertilizer  investigations  of  this  bureau  with  cotton 
were  planned  to  study  not  only  the  suitability  of  fertilizer  materials 
and  quantities  of  fertilizers  needed  but  also  to  ascertain  the  best 
ratio  of  nitrogen,  phosphoric  acid,  and  potash  for  specific  soil  types. 
Results  have  been  reported  of  experiments  on  Portsmouth  sandy 
loam,  Dunbar  fine  sandy  loam.  Rust  on  sandy  loam,  Wickham  fine 
sandy  loam,  and  George ville  silt  loam  in  North  Carolina  {9,  1^) 
and  Cecil  sandy  clay  loam  in  Georgia  (S) . 

The  data  given  in  this  bulletin  contribute  to  the  knowledge  of  the 
proper  fertilization  of  Norfolk  fine  sandy  loam  and  the  related 
type,  Norfolk  sandy  loam,  two  soils  occurring  generally  in  the  coastal 
plains.  These  soils  are  utilized  for  cotton  production  possibly  more 
than  any  other  soil  types. 

The  proportion  of  nitrogen,  phosphoric  acid,  and  potash  giving 
the  best  results  in  the  fertilizer  mixture  as  determined  by  the  triangle 
system  of  fertilizer  experimentation  on  these  soils  does  not  differ 
widely  from  that  indicated  by  data  secured  from  other  field  experi- 
mental schemes.  For  best  results  with  cotton  on  Norfolk  fine  sandy 
loam,  the  work  indicates  a  fertilizer  containing  3  to  6  per  cent 
ammonia,  6  to  9  per  cent  phosphoric  acid,  and  3  per  cent  potash,  and 
for  Norfolk  sandy  loam  a  mixture  containing  6  to  9  per  cent  am- 
monia, 6  to  9  per  cent  phosphoric  acid,  and  0  to  3  per  cent  potash. 
Preference  is  for  a  5-8-2  grade  for  the  former  soil  and  a  7-7-1  for 
the  latter. 

Experiments  conducted  by  the  South  Carolina  Agricultural  Ex- 
periment Station  near  Allendale,  in  Allendale  County,  on  Norfolk 
sandy  loam  (7)  for  the  three  years  1920  to  1923  gave  a  response 
from  nitrogen  and  phosphate,  but  little  or  none  from  potash.  In 
this  experiment,  first  the  phosphoric  acid  and  potash  content  of 
the  fertilizer  was  constant,  but  that  of  ammonia  varied  from  2  to  8 
per  cent  in  the  mixture ;  next  the  nitrogen  and  potash  were  constant 
and  the  phosphoric  acid  varied  from  2  to  10  per  cent ;  and  next  the 
nitrogen  and  phosphoric  acid  were  constant  and  the  potash  varied 
from  2  to  6  per  cent.  Fertilizer  mixtures  containing  6  per  cent  and  8 
per  cent  ammonia  gave  the  largest  yields,  those  from  the  8  per  cent 
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ammonia  being  slightly  larger.  There  was  an  increase  in  yield 
with  additions  of  phosphoric  acid  up  to  6  per  cent.  Mixtures  con- 
taining no  potash  gave  as  large  yields  as  did  those  containing  2  and 

4  per  cent  potash.  The  fertilizer  analysis  which  appears,  from  these 
experiments,  to  give  best  results  is  6  to  8  per  cent  ammonia,  6  per 
cent  phosphoric  acid,  and  no  potash. 

In  similar  experiments  in  North  Carolina  made  by  the  North 
Carolina  Agricultural  Experiment  Station  {10)^  a  mixture  contain- 
ing 7  per  cent  ammonia,  8  per  cent  phosphoric  acid,  and  eS  per  cent 
potash  gave  best  results  on  Norfolk  sandy  loam  and  one  containing 

5  per  cent  ammonia,  6  per  cent  phosphoric  acid,  and  3  per  cent  pot- 
ash on  Norfolk  fine  sandy  loam. 

The  agronomic  research  committee  of  the  Southeastern  States  (^), 
which  is  made  up  of  the  agronomists  of  the  experiment  stations  of 
the  Southern  States  east  of  the  Mississippi,  a  representative  of  the 
Bureau  of  Chemistry  and  Soils  of  the  United  States  Department  of 
Agriculture,  and  a  representative  of  the  soil-improvement  committee 
of  the  National  Fertilizer  Association,  after  considering  the  data 
secured  in  fertilizer  experiments  with  cotton  conducted  by  the  De- 
partment of  Agriculture  and  the  State  experiment  stations  recom- 
mend for  the  coastal-plain  section  of  North  Carolina  and  South  Caro- 
lina, for  the  lighter  types  of  soils  which  include  those  of  the  Norfolk 
series,  a  mixture  analyzing  4  to  5  per  cent  ammonia,  8  per  cent 
phosphoric  acid,  and  3  to  4  per  cent  potash.  A  5-8-3  and  a  4-8-4 
analysis  are  suggested.  Fertilizer  recommendations  by  this  com- 
mittee vary  according  to  soil  conditions.  For  use  on  lighter  and 
sandier  phases  of  the  soils,  in  addition  to  a  5--8-3  or  a  4r-8--4  analysis 
from  18  to  30  pounds  of  nitrogen  per  acre  from  readily  available 
material  to  be  applied  as  a  side  application  at  the  first  cultivation  of 
the  cotton  after  chopping  is  recommended.  For  the  heavier  types  of 
soils,  which  include  the  very  fine  sandy  loams,  especially  when  occur- 
ring in  the  extreme  northern  section  of  the  Cotton  Belt,  where  early 
maturity  is  an  essential  factor,  a  mixture  containing  5  per  cent  am- 
monia, 10  to  12  per  cent  phosphoric  acid,  and  3  per  cent  potash  is 
recommended, 

SUMMARY 

Results  are  given  of  a  10-year  fertilizer  experiment  with  cotton 
and  corn  grown  in  rotation  on  Norfolk  fine  sandy  loam,  Florence 
County,  S.  C,  at  the  Pee  Dee  Experiment  Station  of  Clemson  Col- 
lege, and  of  a  3-year  fertilizer  experiment  with  cotton  on  Norfolk 
sandy  loam  in  Darlington  County,  S.  C. 

The  plan  of  tlie  experiments  is  based  on  the  triangle  diagram. 
The  three  fertilizer  constituents,  nitrogen  (ammonia),  phosplioric 
acid,  and  potash,  were  used  singly,  in  combinations  of  two,  and  in 
combinations  of  three,  the  ratios  varying  in  definite  proportions.  The 
aj)plications  of  a  15  per  cent  plant-food  fertilizer  were  made  to  cotton 
at  the  rate  of  900  pounds  per  acre  and  to  corn  at  the  rate  of  450 
pounds  per  acre.  One-twentieth-acre  plots  were  used,  with  unferti- 
lized checks  occurring  after  every  third  fertilized  plot.  The  (hita 
are  ^iven  in  triangle  figures,  the  dots  in  the  triangle  rej)resenting  the 
fertilizer  ratios  used.  The  position  of  the  dot  indicates  tlie  com- 
position of  the  fertilizer. 
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On  Norfolk  fine  sandy  loam  at  the  Pee  Dee  Experiment  Station, 
the  largest  cotton  yields  were  obtained  with  fertilizer  mixtures  con- 
taining 8  to  6  per  cent  ammonia,  the  6  per  cent  mixture  giving 
slightly  larger  yields.  The  9  per  cent  phosphoric  acid  mixtures 
produced  the  largest  yields,  and  the  3  per  cent  potash  gave  the  best 
results.  It  is  concluded  from  the  data  as  a  whole  that  the  fertilizer 
ratio  or  analysis  giving  best  results  is  a  mixture  containing  3  to  6  per 
cent  ammonia,  6  to  9  per  cent  phosphoric  acid,  and  0  to  3  per  cent 
potash.  The  average  results  indicate  a  5-8-2  analysis  as  being  best 
for  cotton  on  this  soil.  This  fertilizer  ratio  does  not  vary  Avidely 
from  results  secured  under  other  experimental  plans  on  similar  soil 
types.  The  three  fertilizer  mixtures  producing  highest  yields  in  each 
of  the  10  years  of  the  experiment  gave  an  average  increase  in  yield 
ranging  from  38.4  per  cent  to  178.4  per  cent  over  the  average  in  the 
no-fertilizer  plots. 

Fertilizer  mixtures  containing  higher  percentages  of  phosphoric 
acid  produced  early  maturing  and  early  opening  of  cotton.  Ferti- 
lizers containing  9  per  cent  or  more  of  phosphoric  acid  matured 
cotton  earlier  than  mixtures  containing  less  of  this  constituent. 
Mixtures  containing  the  higher  percentages  of  nitrogen  used  in  the 
experiments  delayed  maturing  and  opening.  This  was  true  when 
the  fertilizer  contained  as  much  as  9  per  cent  ammonia.  Potash  did 
not  have  an  appreciable  effect  on  the  time  of  maturing  and  opening 
of  the  cotton,  though  the  higher  percentages  delayed  opening  slightly. 

The  effects  of  the  various  fertilizer  mixtures  on  corn  on  Norfolk 
fine  sandy  loam  w^ere  variable.  The  high  nitrogen  fertilizer  mix- 
tures gave  the  largest  yields. 

On  Norfolk  sandy  loam  the  largest  cotton  yields  Avere  secured  with 
fertilizer  mixtures  containing  6  to  9  per  cent  ammonia,  6  to  9  per 
cent  phosphoric  acid,  and  0  to  3  per  cent  potash.  The  three  ferti- 
lizers giving  best  average  yields  for  three  years  had  an  average 
composition  of  7  per  cent  ammonia,  7  per  cent  phosphoric  acid,  and 
1  per  cent  potash.  Phosphate  had  a  decided  effect  in  causing  the 
cotton  to  mature  and  open  early  on  this  soil,  and  the  mixtures  con- 
taining high  percentages  of  nitrogen  caused  late  maturing  and 
opening  of  the  cotton.  Considering  the  data  as  a  whole,  a  mixture 
for  this  soil  should  contain  6  to  7  per  cent  ammonia,  6  to  8  per  cent 
phosphoric  acid,  and  1  to  3  per  cent  potash.  The  three  fertilizer 
mixtures  producing  highest  yields  gave  an  increase  over  no  fertilizer 
of  97.5  per  cent  in  1922,  71.8  per  cent  in  1923,  and  283.8  per  cent 
in  1924. 

LITERATURE  CITED 

(1)  Agee,  J.  H.,  Kekk,  J.  A.,  and  ^^IcLendon,  W.  E. 

1911).  soiE  sriJVKY  OK  Fi.()i;i;\(  i:  coi'nty,   south  caijoltna.     U.  S.  Dept. 
A,m-..  Bur.  Soils  Field  Operations  1914,  Rpt.  n  (5 :  697-728,  illus. 

(2)  [Aghonomy  Research  Committee  of  the  Southeastekx  States.] 

1928.  FERTILIZER  ANALYSES  FOR  COTTON.  .  .  .  Jour.  AiTier.  Soc.  Agroii.  20 : 

414-415. 

(3)  Bear,  F.  E. 

1929.  the  fertilizer  triangle.     Indus,  and  Engin.  Chem.  21 :  382-385, 

illus. 

(4)  Blackwell,  C.  p.,  and  Buie,  T.  S. 

1924.  cotton    production  :  factors    affectin(;    karliness    and    yield. 
S.  C.  Agr.  Expt.  Sta.  Bui.  219,  48  p.,  illus. 


22         TECHNICAL  BULLETIN   2  2  5,  U.  S.  DEPT.  OF  AGRICULTURE 

(5)  Bledsoe,  R.  P.,  and  Skinneb,  J.  J. 

1929.    FEBTILIZEB    BATIO    EXPEBIMENT8,    CONDUCTED    ON    CECH.    SANDY    IX)A1I. 
COTTON,    COBN,    AND    WHEAT  GBOWN    IN    ROTATION.       Ga.   Agr.    EXDt. 

Sta.  Bui.  151,  31  p.,  illus. 

(6)  BuiE,  T.  S.,  CuBRiN,  R.  E.,  Kyzer,  B.  D.,  and  Warner,  J.  D. 

1929.    FERTIUZEB    rotation    experiments    at   THE  PEE  DEE    STATION.       S.    C. 

Agr.  Expt.  Sta.  Bui.  202,  38  p.,  illus. 

(7)  and  Wabneb.  J.  D. 

1928.  COTTON  fertilizer  experiments.     S.  C.  Agr.  Expt.  Sta.  Bui.  245, 

82  p.,  illus. 

(8)  Noll,  C.  F.,  Schreiner,  O.,  and  Skinner,  J.  J. 

1915.  fertilizer  ratio  experiments  with  grass  on  hagerstown  loam. 
Penn.  Agr.  Expt.  Sta.  Ann.  Rpt.  1913/14   (pt.  2)  :  22-36,  illus. 

(9)  Pate,  W.  F.,  and  Skinner,  J.  J. 

1924.  RESULTS  of  febtilizeb  expebiments  with  cotton  and  IRISH  pota- 
toes on   some  of  the  PBINCIPAL   soil  TYPES  OF  NORTH   CAROONA. 

N.  C.  Dept.  Agr.  Bui.  1924,  69  p.,  illus. 

(10)  Rice.  T.  D.,  and  Taylor,  F.  W. 

1903.    SOIL     SURVEY    OF    THE    DARLINGTON     AREA,     SOUTH     CAROLINA.       U.     S. 

Dept.  Agr.,  Bur.  Soils  Field  Operations,  1902,  Rpt.  4:291-307, 
illus. 

(11)  Schreiner,  O.,  and  Skinner,  .1.  .1, 

1910.    some    E3TBCT8.  OF    A     HARMFUL    ORGANIC    SOIL    CONSTITUENT.      U.     S. 

Dept.  Agr.,  Bur.  Soils  Bui.  70,  98  p.,  illus. 
(12) and  Skinner,  J.  J. 

1918.    THE    TRIANGLE    SYSTEM    FOR    FERl^IZEB    EXPERIMENTS.      Jour.    Anier. 

Soc.  Agron.  10:  225-246,  illus. 

(13)  Shive,  J.  W. 

1915.    A   STUDY   OF   PHYSIOLOGICAL   BALANCE   IN    NUTRIENT    MEDIA.       Pliysiol. 

Researches  1 :  327-397,  illus. 

(14)  Skinner,  .1.  J.,  Williams,  O.  B.,  and  Mann,  H.  B. 

1929.  EFFECTS  OF   SYNTHETIC   NITROGEN   AND   CONCENTRATED   FERTILIZERS  ON 

COTTON  AND  SWEET  POTATOES.     N.  C.  Agr.  Expt.  Sta.  Bul.  260, 
40  p.,  illus. 

(15)  TOTTINOHAM,    W.    B. 

1914.   A   QUANTITATIVE   CHEMICAL  AND  PHYSIOLOGICAL   STUDY   OF   NUTRIENT 

SOLUTIONS  FOB  PLANT  CULTURES.    Pliysiol.  Researches  1 :  133-245i, 
illus. 
(10)  Williams,  C.  B.,  Jackson,  S.  K.,  nnd  Mann,  H.  B. 

1920.    FERTIIJZER   EXPERIMENTS   WITH   COTTON.      N.    C.   Agr.   Expt.    Stil.    Bul. 

250,  18  p. 


ORGANIZATION  OF  THE  UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretary  of  Agriculture ___     ^_.  Arthur  M.  Hyde. 

Assistant  Secretary R.  W.  Dunlap. 

Director  of  Scientific  Work A.  F.  Woods. 

Director  of  Regulatory  Worh W.  G.  Campbell. 

Director  of  Extension  Work ^_.  C.  W.  Warburton. 

Director  of  Personnel  and  Business  Adminis-     W.  W.  Stockberger. 
tration. 

Director  of  Information M.  S.  Eisenhower. 

Solicitor E.  L.  Marshall. 

Weather  Bureau Charles  F.  Marvin,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Dairy  Industry O.  E,  Reed,  Chief. 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief. 

Forest  Service R.  Y.  Stuart,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Bureau  of  Biological  Survey Paul  G.  Redington,  Chief. 

Bureau  of  Public  Roads Thomas  H.  MacDonald,  Chief. 

Bureau  of  Agricultural  Economics Nils  A.  Olsen,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Plant  Quarantine  and  Control  Admimistr^ation-.  Lee  A.  Strong,  Chief. 

Grain  Futures  Administration J.  W.  T.  Duvel,  Chief. 

Food  and  Drug  Administration Walter  G.  Campbell,  Director  of 

Regulatory  Work,  in  Charge. 

Office  of  Experiment  Stations ,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Library^ Claribel  R.  Barnett,  Librarian. 

This  bulletin  is  a  contribution  from 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Soil  Investigations A.  G.  McCall,  Chief, 

Division  of  Soil  Fertility Oswald      Schkeiner,      Principal 

Biochemist,  in  Charge. 

23 


U.  S.  GOVERNMENT  PRINTING   OFFICE:  1931 


For  sale  by  the  Siiperinlendont  of  Documents,  Wa«bingtoii,  D.  C. I'rkv  5  cents 


